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TRUMP: A COMPUTER PROGRAM FOR TRANSIENT
AND STEADY-STATE TEMPERATURE DISTRIBUTIONS

IN MULTIDIMENSIONAL SYSTEMS

Abstract

TRUMP solves a general nonlinear parabolic partial differential equation describ-

ing flow in various kinds of potential fields, such as fields of temperature, pressure,

and electricity and magnetism; simultaneously, it will solve two additional equations

representing, in thermal problems, heat production by decomposition of two reactants

having rate constants with a general Arrhenius temperature dependence. Steady-state

and transient flow in one, two, or three dimensions are considered in geometrical con-

figurations having simple or complex shapes and structures. Problem parameters may

vary with spatial positions, time, or primary dependent variables-temperature, pres-

sure, or field strength. Initial conditions may vary with spatial position; and among

the criteria that may be specified for ending a problem are upper and lower limits on

the size of the primary dependent variable, upper limits on the problem time or on the

number of time steps or on the computer time, and attainment of steady state. Solutions

may be obtained by use of explicit- or implicit-difference equations, or by an optimized

combination of both. TRUMP is primarily written in FORTRAN IV, is subdivided into

modular subroutines, and is readily adaptable to most computer systems. The amount

of computer time required varies with the user's equipment and needs, but averages

from 0.3 to 2 msec per time step for each nodal point and connection between nodal

points.
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I. Introduction

In research and development related to uses of nuclear energy, a wide variety of

problems involving flow in various kinds of potential fields must be solved. Examples

include heat flow in temperature fields, mass flow in pressure fields, and current in

electrical and magnetic fields; and they often include various types of sources and sinks,

and modes of transport other than potential flow. The TRUMP computer program was

developed to provide a means of solving such problems by numerical methods on high-

speed digital computers.

TRUMP allows solution of a general nonlinear parabolic partial differential equa-

tion. Two additional equations, which in thermal problems represent heat production

by decomposition of reactants having rate constants with a general Arrhenius temperature

dependence, may also be solved simultaneously.

Solutions to steady-state and transient problems may be obtained. Geometric

configurations may be quite complex, with flow in one, two or three dimensions; with

rectangular, cylindrical, axial, or spherical symmetry; or with arbitrary shape and

structure. Initial conditions may vary with spatial position. Material properties,

source and sink strengths, boundary conditions, and other problem parameters may

-ary with spatial position, time, or the primary dependent variable (temperature,

pressure, field strength). External sources or sinks, coupled to the system by means

of specified boundary conditions, may vary with time. Certain problem parameters at

one spatial location may be made to depend on the value of the dependent variable at

another spatial location.

Limitations of the program include the number of spatial locations which can be

calculated, which may be from several hundred to several thousand in various versions,

and the amount of computer time required, which may be from a few seconds up to

hours for the largest possible problems.

Input data are efficiently organized to be as simple and compact as possible.

Output data include numerical, graphical, and punched card data, with options on fre-

quency and content controlled by the user. Output is organized and labeled to provide

the user with maximum information concerning the calculation.

TRUMP has been in use and has been continuously improved and developed since

:965. The language is primarily FORTRAN IV. Some statements and system sub-

routine calls use the LRLTRAN language employed at LLL. Most of these have equiva-

lent substitutes in other computer systems, or are used in optional parts of the program

-'-at are easily removed or modified.

TRUMP has been successfully adapted to a number of computer systems at LLL

and elsewhere, including the IBM/7094 (LLL, Bell Labs), the CDC/3600 (LLL,

Combustion Engineering), the Univac! 1108 (Battelle Northwest, Gulf General Atomics,

NBS), the Boroughs/B-5500 (C. F. Braun), the IBM/360 (B.F. Goodrich, NASA Lewis

Research Center, Bendix Electrodynamics, Cockerill-Ougee-Providence), the CDC/ 6600
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(LLL, Brookhaven, UMEC, Bettis Atomic Power Lab), the CDC/6400 (Itek), and the

GE/200 (Selas).

The only versions of TRUMP in use now at LLL are TRUMP/6600/STD and
TRUMP/6600/DS. Versions for use on the CDC/7600 are being developed.

The report is intended to be a complete users' manual and program description,

and supersedes the previous TRUMP report. The TRUMP Thermal Property Data

Compilation2 and the TRUMP/XB2 Thermal Property Data Processing Program3 are
also available. Excellent textbooks, including extensive bibliographies, are available

on heat conduction in solids,4 heat-conduction calculations by finite-difference methods,5 '6

transport phenomena, and radiative transport.8 The Computer Information Center,

LLL, Livermore, provides information and reports on the various computer languages,

compiling programs, monitor and time-sharing systems, service routines, and library
routines in use at LLL. 9 17

The results of many TRUMP calculations related to weapons development, space

power reactor development, and various Plowshare Projects have been reported in
internal LLL documents; Other reports include the thermal effects of the Salmon

Experiment, which was an underground nuclear explosion in a salt dome, 8 and a de-

scription of the use of TRUMP for calculation of transient laminar fluid flow in porous
media (Darcy flow). 1 9

Programs have been written to generate geometric input data for the TRUMP

program. 20' 21 ' 23 A small version of TRUMP is in use on the CHIP system at LLL.2 4

-3-



II. Use of TRUMP

A. GENERAL

Use of TRUMP to solve problems can be broadly subdivided into the following

steps, each of which will be discussed in detail in the following sections:

(a) Definition of problem: Describing the system geometry, materials, reactants,

the equations to be solved, including initial and boundary conditions, modes

of heat production and transport, the questions to be answered, and the re-

quired accuracy.

(b) Development of calculational model: Determining, if necessary, the thermal

analog of a nonthermal problem; simplifying, if required, the problem de-

scription; subdivision of the system into discrete nodes; assigning identifica-

tion numbers to materials, reactants, nodes, and boundary nodes; specifying

initial and boundary conditions and modes of heat production for each node,

and modes of heat transport between all connected nodes; specifying controls

on the method and accuracy of the calculation, the criteria for ending the

problem, and the production of output data.

(c) Preparation of input data: punching items for each data block on cards,

organizing data blocks into data decks, stacking data decks for multiple-

problem computer runs, addition of any necessary TRUMP control cards.

(d) Use of computer facilities: choice of version and form of TRUMP program;

submission of job to monitor system; interruption and restart of long prob-

lems; card, tape, and output retrieval.

(e) Evaluation of calculation results: checking input data; checking output data;

determining cause of any errors, dumps, or unexpected results; checking

final results for accuracy and consistency; determining requirements for

additional calculations; generalization of results.

-4-



B.. DEFINITION OF PROBLEM

Equations Solved b TRUMP

TRUMP solves a set of simultaneous partial differential transport equations with

the four independent variables of spatial coordinates and time, and the three primary

dependent variables of temperature and two reactant concentrations. Other dependent
variables may include concentration of a phase when phase change is taking place, and

several coefficients appearing in the equations which may be functions of time, temper-

ature, and spatial location. For the general three-dimensional case of heat conduction

and mass flow, with heat generation and chemical reaction, using standard vector oper-

ator notation, the equations are as follows:

pc DT pcT + v VT V kVT + G - pQ8a PQ8b (II.B..1)

Da a, v Va = -a pa exp (Z - E /RT) (I.B.1.2)

Db =b + v Vb = - b exp(Z - / RT) , (II. B. 1. 3)T at -b b

where T is temperature in absolute units, t is time, c is specific heat, k is thermal

conductivity, v is the v ector flow velocity, G is heat generation rate per unit volume, a

and b are reactant concentrations, Pa and Pb are fraction orders, Qa and Qb are heats
of reaction, Za and Zb are log collision frequencies, E a and E b are activation energies,

and R is the gas constant.

Analogous equations are used to describe many types of initial- and boundary-value
problems and transport problems.6,7

The thermal effect of a phase change, with the phase interface normal to the co-

ordinate direction r, can be expressed as follows:

PAHm ( ) k1 ) - k 2 (-z)r (II. B. 1. 4)

m m

T 1 (rm) = T,(rm) Tm (II. B.1.5)

where aHm is the latent heat of phase change from phase 1 to phase 2, rm is the location

of the interface between phases 1 and 2, and Tm is the temperature at which phase

change takes place.

At an interface between materials 1 and 2, normal to the coordinate direction r,

the heat balance can be expressed as follows:

kl(4-1)i hi(T 2 - T 1 ,j) k 2 () (II.B.1.6)
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h. h. +h. C(T - T ) + ai (T, 1i-T 2. + T 2,
1 i,o0 i, c 2, 1.1 I i 2, i 1 2 i (IIB. 1. 7)

The expression for interface conductance, hi, is a general form to include the effects of
contact conductance, free and forced convection, and radiation. In Eq. (II.B.l.7), a is the
Stefan-Boltzmann constant, and jr is the overall thermal radiation form factor.

At an external surface normal to the coordinate direction r, the heat balance can
be expressed as follows:

k(T) = Usb (Tb -T)
075= .

(I. B. 1. 8)

where Tb is an external temperature, and the surface conductance Us bis also calcu-
lated by an expression with the form of Eq. (II.B.l.7)

Us,b h +h c [(Tb - Ts)1S + aFb (Ts + Tb) (T2 + T ). (I. B. 1. 9)

Extension of the equations above to a general multidimensional Eulerian space,
subdivided into discrete elements or nodes, is done as follows:

8Tn 1
wt PncnVn [ n, k (Tk Tn) + IFnk (wnk wn)+

k k
U n,b (Tb Tn)I

b

Gn Qa, n an _Qb, n
pncn c at c

8 bn

at (II.B. 1.10)

n = Pa
77_n exZa, n - E /RTnJ p V n

k
Fn, k (an, k an) (II. B. 1.11)

8bn Pb 1 V-St-= bn exp (Z bn Ebn/ RTn) n

k

Fn k (bn k - bn). (II. B. 1. 12)

where

U. =' A~An,k
Un,k Ar + 

kn hn, k kk

(II.B. 1.13)

and where the summations are over all internal thermal and mass flow connections, and
over all surface connections, which each node has. Vn is the node volume. U k is the

thermal conductance of the connection between nodes n and k with area An k' distances
for heat flow of Arn and Ark and interface conductance hnk. Fn k is the mass flow
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rate between nodes n and k, and w n k is the enthalpy of the flowing material at the

interface. A mass balance is assumed so that the density of node n does not change.

While a node is undergoing phase change, Tn = Tm n the phase change tempera-
ture. The left side of Eq. (II.B.1.10) is replaced with

- AH Oan
Cn

n
where a n is now the concentration of the low temperature phase. Only a chemical reac-

tion involving concentration b can take place in a node in which phase change takes place.

The actual equations solved in TRUMP are for discrete time steps, obtained from

the equations above by substituting (u' - u)/At for time derivatives of the form au/at,
where u and u' are values at the beginning and end of the time step At, and by use of

initial or average values over the time step of all other variable quantities in the

equation. The methods used are described in Section III.

The following input parameters may vary with spatial location: p, c, k, v, G. Q Qb'

Za, Zbs Ea, Eb T, AH m,n' hi's h ic' pi, ir. h, hsc, ps Isb' and Tb. At
each location, the following parameters may vary with time, with the local temperature,

or with a temperature at another specified location: c, k, v, G, Qa, Qb- Zap Zba Ea,

Eb, h5SO and h c Tb may vary with time at each location. Temperature and time

dependencies are generally tabulated, but G may vary exponentially with time, and Tb

may vary sinusoidally with time, at each location. Temperature of particular nodes

may be made to equal, or be proportional to, linear combinations, including averages

and differences, of other temperatures, rates of temperature change, integrals of

temperature over time, combinations of these, and a variety of other special functions.

The input parameters listed above can then be made functions of the temperatures of

these particular nodes, allowing a wide variety of dependencies.

The accuracy with which any given problem can be solved with TRUMP depends

on how well the problem can be modeled by the set of equations above, and the fineness

of the spatial subdivisions and time steps used in the calculations.

2. Modification of TRUMP

The choices of equations and allowed functionalities for TRUMP were based on

the criteria of simplicity, flexibility, generality, and efficient use of computer memory.

TRUMP may easily be modified to handle more specialized or more generalized types

of problems. For example, parameters could be made arithmetic functions of time

and temperatures instead of tabulated functions; different orders and types of chemical

reaction could be used; heat capacity and thermal conductivity could be functions of

reactant concentrations; the relations necessary to calculate electrical heat generation

with temperature-dependent resistivities and specified applied voltages could be added;

geometric coordinates could be specified for each node, and the spatial dependence of

parameters specified in tabular or arithmetic form; TRUMP could be coupled with

-7-



other computer programs to extend them from isothermal to nonisothermal systems

with heat transport, or to use their output data as input data for TRUMP.

TRUMP may also be modified to remove excess subroutines and arrays, thus

increasing the memory space available for other arrays. Memory requirements and
methods of altering TRUMP are discussed in Section IV.D.

-8-



C. DEVELOPMENT OF CALCULATIONAL MODEL

1. General

After the problem has been defined, a suitable calculational model must be

developed. In problems involving complex geometries, it is desirable to limit the

calculation to the smallest possible region, by eliminating areas weakly connected

thermally to the region of interest, and by making use of symmetry. Symmetry planes

may be represented by insulated surfaces. In addition, it is often possible to simplify

the geometry considerably by replacing complex shapes with simpler shapes of equiva-

lent volume and resistance to heat flow. Several geometric models may be tried for

the same system to determine the effects on the results.

The system thus chosen for study must be subdivided into regions composed of

different materials, each with specified properties, and which may contain specified

chemical reactants. If density, thermal conductivity, or heat capacity vary continuously

with spatial location in some region, the degree of subdivision into materials with

discrete properties depends on the required accuracy in describing those properties.

If values of material properties are uncertain, calculations should be made for a range

of values, to determine the effect on the results.

Each region may be subdivided into volume elements, or nodes, each of which

may have a different initial temperature and weight fractions of chemical reactants,

constant or tabulated heat generation rate, and modes of heat transport in relation to

other nodes. Each node on a noninsulated surface may have a different boundary con-

dition. Nodes may be of any size and shape, with any number of internal and external

heat transport connections. Each node must contain a representative nodal point, which

may be located anywhere within or on the surface of the node. Maximum accuracy in

transient problems is obtained if the node shapes and nodal point locations are chosen

so that lines joining the nodal points of connected nodes are perpendicularly bisected by
the connected area. In steady state problems, the solution is independent of the heat

capacity associated with each node, so the nodal points may be located anywhere, with-

out loss of accuracy.

The required fineness of subdivision of each material region into nodes depends

on the degree to which properties, initial and boundary conditions, heat generation

rates, mass flow rates and resulting temperature distributions vary with spatial lo-

cation, and the required accuracy in fitting the values. In general, less total effort

and machine time are required if calculations are made for a crude subdivision, then

successively finer subdivsions of the system, until no appreciable difference is found

in the results, rather than beginning with excessively fine subdivisions. Often it is

apparent from the first calculation which regions require finer subdivisions and

which do not.

Small nodes connected to the system by low conductances may be used to obtain
interface and surface temperatures, or as artificial means of finding temperature sums,

-9-



differences, weighted averages, interpolated or extrapolated values, or derivatives or

integrals with respect to time, without interfering with the solution (see Section II.C.12).

A number of computer programs have been written to subdivide systems of various

types of geometry into zones or nodes for various types of calculations. One of these,

FED 21 has been extensively used to generate geometric input data for TRUMP for

general axisymmetric systems. Most existing zoning programs can be easily modified

to produce the node and connection descriptions required as input data for TRUMP.

Allowable problem size limits for various versions of TRUMP are summarized in

Table 1.

The criteria for ending the calculation must be determined, and may include tem-

peratures falling outside a specified range, time reaching a specified limit, number of

time steps or amount of machine time reaching specified limits, or attainment of steady

state. These criteria are discussed more fully in Section II.C.14.

The user can choose between several options for the type of difference equations

and methods of controlling the size of the time step. A choice must be made between

the available options for frequency and type of numerical and graphical output produced

during and at the end of the problem (see Section L.C.17), to obtain those results neces-

sary to answer the questions asked.

Table 1. Problem size limits.

Size-limit Version of TRUMP
Item Data block parameter 6600 6600/D

Materials 2 M2 40 50

Reactants 3 M3 5 0

Nodes 4 M4 480 600

Internal thermal
connections 5 M5 1200 1750

External thermal
connections 6 M6 125 150

Boundary nodes 7 M7 20 20

Heat generation tables 8 M8 100 150

Initial conditions 9 M4 480 600

Mass flow connections 10 M1 0 80 0

Temperature vs time
plot nodes 11 M1 1 12 16

Temperature vs time
plot times - M1 200 200

Remotely dependent
properties 12 M12 480 600

Table lengths 2,3, 6,7, 8,10 M 9 12 12
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2. Unit Systems

In general, any consistent set of units may be used for the input data. However,

the unit of time must be chosen so that all time steps required in the calculation are in
-10 12 -12the range from 10 to 10 , except for the first time step, which is always 10

The temperature scale must be specified for problems involving thermal radiation or

chemical reaction, by assigning a value to KT (KT) in BLOCK 1 of the input data. KT

is 1, 2, 3, or 4 for Centigrade, Kelvin, Fahrenheit, or Rankine temperature scales.

The Stefan-Boltzmann thermal radiation constant, a (SIGMA), has values of

1.355 (10 12) cal/sec-cm -K if KT is 1 or 2, or 1.73 (10 ) Btu/hr-ft -R if KT is 3

or 4, or 1.0 if KT is 5. If any other unit system is used, an appropriate conversion

factor for a must be included in any specified radiation form factors iji (RINT) or

is (RSURE) in BLOCKs 5 and 6 of the input data deck.s, b
The gas constant R has a value of 1.987 cal/g-mole-°K or 1.987 Btu/lb-mole-°R.

If any other unit system is used, an appropriate conversion factor must be included in

any specified chemical reactant activation energy Er (ET) in BLOCK 3 of the input data.

Output quantities appearing on printouts will be in the same unit system as input

data. However, options are available in input data BLOCK 11 to make transformations

on temperature, node location and time scales of CRT plot output. These options may

be used to change units, scale, measure from fixed base values, obtain dimensionless

ratios or any combination of these factors.

Typical units are given for many quantities in this report, to clarify the meaning

or use of the quantities.

3. Numbering Systems for Materials, Reactants, and Nodes

Each material, chemical reactant, system node, and boundary node must be identi-

fied by a nonzero integer number, for use in cross-referencing data in different blocks

of the input data deck. The numbering system for each group is independent of all others.

Within each group, all items must have unique numbers. The only limitation on the size
of the numbers is that they must fit within the 5-column fields on the data cards, i.e.,

all numbers from -9999 to 99999, except zero, are allowed. Numbers need not be in

sequence, and the choice of numbers has no effect on the running time of the problem.

In complex geometries, it is often convenient to use a node numbering convention

in which different groups of digits in the node number represent coordinates or zones in

different directions in the system. See Section II.C.17b for the use of node numbers as

CRT plot node locations.

The size of the input data deck can be considerably reduced if groups of nodes or

connectors have identical descriptions, or when Kd is 2 or 3, differ only by a constant

incremental increase in radius dr (DRAD). Such sequences can be specified with only

one card, or two cards when d r is incremented, if the nodes involved are numbered in
an arithmetic sequence. When dr is constant the first item in the sequence is described,

and the number of additional items, and the incremental change in node numbers speci-

fied. When d r is incremented, the first item in the sequence is described normally. On

the next card (following any tables associated with the first item, in BLOCK 6), the
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second item in the sequence is described, with a minus sign preceding d r (DRAD), and

the number of additional items in the sequence, and the incremental change in node

number specified. This procedure may be used in BLOCKs 4, 5, 6, 8, 9, 10, and 12

of the input data deck.

Materials and chemical reactants may also be assigned names consisting of up to

5 Hollerith characters. Theseare used inthe program onlytomake identificationofthe

materials and chemical reactants easier in the input card decks and in printed output data.

4. Geometric Symmetry and Scale

A symmetry indicator Kd (KD) may be specified in data BLOCK 1, to control the

way in which node volumes and thermal connection areas are calculated from input data

in BLOCKs 4, 5, and 6. Details of these calculations are given in Sections II.C.7,

II.C.10, and II.C.1l below. The choices of Kd are 1, 2, or 3, for systems with no sym-

metry center or axis, systems with an axis of symmetry, or systems with a center of

symmetry, respectively. Simple examples of these three types are systems in which

nodes are bounded by the orthogonal surfaces of a rectangular, cylindrical, or spherical

coordinate system, respectively.

A geometric scale factor Sd (SCALE) may also be specified in data BLOCK 1. All

linear dimensions specified in BLOCKs 4, 5, 6, and 10 will be multiplied by Sd' so that

areas will scale as S2 and volumes as S 3
d d

If different parts of the system are most conveniently described by use of different

values of Kd or Sd# the input data may be subdivided into two or more sections. Each

section may consist of type A data blocks (see Section II.D.2.d.) preceded by a BLOCK 1

with the desired values of Kd and Sd specified.

5. Materials

Each material must be assigned an identification number Nn (MAT) (see Section

II.C.3) and a Hollerith name (AMAT). %Values must be specified for density Pm (DENS,

typical units: g/cm 3); specific heat cm (CAPT. typical units: cal/g-°C), which may be

a tabulated function of time or temperature (TVARC); and thermal conductivity km (CONT,

typical units: cal/sec-cm-C), which may also be a tabulated function of time or tem-

perature (TVARK).
All tabulated input quantities in TRUMP (CAPT, CONT, QT, ZT, ET, GT, FLOWT,

TEMPB, and HSURT) must be in ascending order of time or temperature. Consecutive

values of time or temperature may be identical, however.

Latent heat effects may be described in two ways. The temperature T (TMELT)

and latent heat AHm (HMELT, typical units: cal/g), may be specified, or the latent heat

included as the area below a narrow peak in a table of specific heat vs temperature.

Both methods may be used if a material has latent heat effects at more than one temperature.

If a material contains one or two chemical reactants, the identification numbers of

the reactants must be specified. This data is specified in BLOCK 2 of the input data

deck. Chemical reactants are described separately in BLOCK 3. If HMELT is specified,

only one chemical reactant may be specified.
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The TRUMP Thermal Property Data Compilation lists densities, transition

temperatures, heats of transition, and tables of specific heat and thermal conductivity

vs temperature for over 1000 materials. The compilation includes the material data

list, in the format required for TRUMP input data, an alphabetical index of material

names and descriptions, a list of data sources, a material classification system, and

a data quality-indicator system. The entire compilation is available on cards and mag-

netic tape.

The TRUMP/XB2 computer program was developed to process the material data

list. In addition to certain processing options also included in TRUMP, TRUMP/XB2

has procedures for producing graphs of specific heat and thermal conductivity vs tem-

perature on the LRL dd80 plotting system.

6. Chemical Reactants

A chemical reactant is a material component that releases or absorbs heat by de-

composition. The rate constant may have a modified Arrhenius temperature dependence.

K
a products + Qa cal/g (II.C.6.l)

Ka exp (Za Ea/RT) (II.C.6.2)

la (Z E/T

_9 =-K a a (II.C.6.3)

t) . =- T TT (II. C.6. 4)reaction v

where R is the gas constant (1.987 cal/g-mole-"K), and p (CORD) is the reaction order.

T is an absolute temperature. Each chemical reactant must be assigned an identification

number Nr (KEM), and may be assigned a Hollerith name (AKEM). Values must be

specified for heat of reaction Qr (QT, typical units: cal/g), log collision frequency Zr

(ZT, typical units: log sec 1), and activation energy E (ET, typical units: cal/g-
r

mole-°K), each of which may be a tabulated function of time or temperature (QT vs

TVARC, ZT vs TVARZ, and ET vs TVARE). A reaction order pa (CORD) must also be

specified, if Pa is not :.0. Thus, quite general temperature dependence of the rate

constant, and any reaction order, may be obtained; these data are specified in BLOCK 3

of the input data deck. Identification numbers of chemical reactants contained in ma-

terials are specified :'. BLOCK 2. Nodes of materials containing chemical reactants

must have initial values of reactant weight fractions specified in BLOCKs 1 or 9, or

both, of the data deck (see Section II.D.3).

Simple modifications can be made in the program to obtain autocatalytic reactions,

reactions involving two components, and reversible reactions.

It should be noted that the only effect of chemical reaction is release or absorption

of heat, and no change is caused in other properties except indirectly as a result of
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temperature changes. The program could be modified to make other properties func-

tions of reactant concentration.

7. Nodes

a. Gene ral

Each node must be assigned an identification number Nn (NODE) for use in refer-

ring to the node in various input data blocks. The identification number of the material

of which the node consists (NODMAT) must be specified. The node may be classified

"special" by specifying a non-zero value of K (KS) (see Section II.C.15).
5

Three dimensional factors, d (DLONG), dw (DWIDE), and dr (DRAD), must be

specified in input data BLOCK 4 for nodes with finite volume. The volume of the node

will be calculated as follows:

Vn ad d d S (II.C.7.1)

where a is 1, 2 , or 4, and t3 is 1, 1, or 2, if Kd (KD) is 1, 2, or 3, respectively.

Sd (SCALE) is the scale factor. Any dimensional factors that result in the correct vol-

ume according to Eq. (II.C.7.1) may be specified. However, the value of dr (DRAD)

determines the node location used for graphical output when KD is 2 or 3. When KD is

1, the node location is determined by the node number Nn (NODE).

Separate computer programs such as FED21 may be used to generate the geomet-

ric data required as input data for TRUMP. The methods of calculating volumes for

several special types of geometries are described below.

b. Rectangular Coordinates

The volume of a node bounded by the orthogonal surfaces of a rectangular coordi-

nate system with axes x, y, and z is as follows:

Vn (x 2 x1)(Y2 - 1)(z 2 - z1 ). (II.C.7.2)

Equation (.C.7.2) may also be used for nodes with irregular or curved surfaces,

if the coordinates represent average values for each surface and are measured in three

orthogonal directions. If KD is 1 and the heat flow is two-dimensional or one-

dimensional, either one or two, respectively, of the BLOCK 4 dimensional factors d

d~va or dr may be assigned an arbitrary value, such as 1.

c. Cylindrical Coordinates

The volume of a differential volume element bounded by the orthogonal surfaces of

a cylindrical coordinate system with coordinates r, z (linear dimensions), and (angle

measured in radians), is as follows:
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AV = rr Az A .

For a finite-volume element, or node, this becomes:

Vn = (1/2) (r2 r2) (z2 - z 1 )(62 - ei)

or

V = 2r r (r 2 - r)(Z 2 - z 1 )[ (62 1

(II.C.7.3)

(II.C.7.4)

(II.C.7.5)

where

r = (1/2)(r2 + r1 ). (II.C.7.6)

If KD is 2, the BLOCK 4 dimensional factors may conveniently be specified as

follows:

dr = r = (1/2)(r 2 + r)

dw (r2 -r 1 ) (II.C.7.7)

d = (2 - z 1 )(62 - i1)/(2 7r)

where

1/(2 = 0.15915494.

If 9 extends from 0 to 27r, d becomes (z 2 - Z1). In the
radial heat flow, the axial length (z 2 - z 1) may arbitrarily be

case of one-dimensional

made 1, so that d is 1.

d. Bodies of Revolution

The volume of a differential volume element formed by rotating an area AA
(measured in a plane containing the axis of revolution) through an angle AO (measured
in radians) about the axis of revolution is as follows:

AV = r AA AO, (II.C.7.8)

where r is the radius of area AA from the axis of revolution. For a finite volume

element, or node, this becomes:

V n = 2r i A [ ( 2 - 01)/27r], (II.C. 7. 9)

where r is the radius of the centroid of area A from the axis. If area A can be expressed

as the product of two factors L1and L 2, and KD is 2, the BLOCK 4 dimensional factors
may conveniently be specified as follows:
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d = r

d = L l

dl = L2(02 - 01 )/ ( 

(II.C.7.10)

where

1/(2 r) = 0.15915494.

If the body of revolution is complete, i.e., extends from 0 to 2r, then d be-

comes L2 .

e. Spherical Coordinates

The volume of a differential volume element bounded by the orthogonal surfaces

of a spherical coordinate system with distance from the origin r, angle in the x-y plane

9 (measured in radians) and angle from the positive z axis (also measured in radians),

is as follows:

AV = r2 sin r A fi . (II.C.7.1 1)

For a finite volume element, or node, this becomes:

Vn (1/3) (r2 - r)(cos 1 cos 2)(2 01) (II.C.7.12)

or

where

Vn = 47r(r)2 (r 2 - r ) sin(j)/21 0 - - G1)/(22)1,

r = ravy 1 +(1/12)r(r 2 - r)/rav]2}1/

(II.C.7.13)

(II.C.7.14)

rav = (1/2)(r 2 + r1) (II.C. 7.15)

sin i = sin(O av) sin[(4 2 - 1)/2J /[(02 - 1)/21 (ILC.7.1 6)

6av (1/2 )(X2 + 1) (II.C.7.17)

If (r 2 - r 1 ) is less than ravy 6, rav may be substituted for r with an error of less

than 0.1%. If (2 - 01) is less than 0.15 radian (8.6°), tav may be substituted for 0 with
an error of less than 0.1%. For a solid spherical zone of inner radius zero and outer

radius r2, r reduces to rav/N[T, or 0.57735 rav.
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If KD is 3, the BLOCK 4 dimensional factors may conveniently be specified as

follows:

r, r2 - r > rv/6

dr = (II.C. 7.18)
ravt r2 - rI < ray 6

dw r 2 -r 1 (IILC.7.19)

d= [(cos 1 - cos 2)/2[( 2 - 1)/(2r)1 (II.C.7.20)

or dI = [sin(j)/2I (02 - 1)[(02 - 1 )/(2ir) (II.C.7.21)

The expressions for d are considerably simplified if extends from 0 to 2 r, or if X

extends from 0 to r. If the node is a complete spherical shell, d is 1.

8. Internal Heat Generation

Each node in the system may have a volumetric heat-generation rate gn (GONE,

GG, or GT, typical units: cal/sec-cm 3). This rate may be constant or specified in

BLOCKS 1 or 9, or both, of the data deck, or it may be a tabulated function of time or

temperature (GT or TVARG), or it may decay exponentially from a specified initial

value go n (GT) with a half life t n (TVARG). Variable heat-generation rates are speci-

fied in BLOCK 8 of the data deck. An average heat-generation rate, g , is used for eachn
time step At.

In the case of exponential decay, gn is exactly

gn = go, r e Yt (1 - e t)/,t, (I.C.8.1)

where y = n 2/t n. For small values of ytt(<10 5), the following equation is used:

e=,gn e ( -At/2). (II.C.8.2)

The resulting temperature changes in materials with temperature-dependent specific

heat will be accurate only if the time steps are sufficiently small to limit the change in
specific heat to a small percentage. It may be necessary to specify SMALL in BLOCK 1

to accomplish this.
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9. Initial Conditions and System Constants

a. Initial Conditions

Initial temperatures and weight fractions of chemical reactants, if present, and

constant heat-generation rates, if any, may be specified in two ways. Constant values

of initial temperature T 0 (TONE), weight fractions of two chemical reactants a (ALONE)

and b (BONE), and heat generation rate go (GONE) may be specified in BLOCK 1 of the

input data deck. These values will be assigned to all nodes subsequently described in a

BLOCK 4, unless other values are subsequently specified for individual nodes in

BLOCK 9. The corresponding BLOCK values will be substituted for blank input data

fields in BLOCK 9. BLOCK 1 may be used more than once in a data deck to specify

different sets of constants for use in later data blocks.

b. System Constants

For convenience, several other constants may be specified in BLOCK 1, to be sub-
stituted for blank data fields in other data blocks read in after BLOCK 1. These include

a. constant mass-flow rate w0 (FONE), an external convection coefficient h (HSURE),

an external radiation form factor F 0 (RONE), and an external free-convection exponent

P 0 (PONE). These replace blank data fields for FLOWN, HSURE, RSURE, and POWER,

respectively. BLOCK 1 may be used more than once in a data deck to specify different

sets of constants for use in later data blocks.

10. Internal Heat and Reactant Transport

a. Internal Thermal Connections

(1) General-Each internal thermal connection between nodes must be described

in input data BLOCK 5 by specifying the two node numbers Ni (NODl) and Nj (NOD 2), two
connector lengths di (DELl) and d (DEL2), and two interface dimensional factors dI

(DLONG) and dr (DRAD). An interface conductance hij (HINT) may be specified, to

include the effect of conduction through any surface films and conduction and convection

across any space between the connected surfaces. A radiative form factor i (RINT)

may be specified to include the effect of the geometric view factor and surface emis-

sivities for radiative transfer between the connected surfaces. See Section II.C.2 for

restrictions on the units of Ski If neither hij nor srj3 is specified, the program will
use a value of 1012 for hi j, in effect equivalent to perfect thermal contact at the inter-

face.

The conductance of the thermal connection Uij (TRAN, typical units: cal/sec-°C)

is calculated as follows:

U.j Aj j I(di/i) + (di/kj) + (Hij (II.C.10.1)
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where

A.= a dos 2 (II.C.10.2)

and

Hi h + CT -T -T (T2 -T2 (I. C. 10. 3)

or

Hi = hi.j ITj - TI itI. (fL.C.10.4)

In Eq. (II.C.10.1), i and £j are the estimated average thermal conductivities of

nodes N. and N. during a time step, evaluated at the estimated average temperature T.

and T., respectively (see Sections III.F.1 and M1.I.4).

In Eq. (II.C.10.2), a is 1, 2r, or 4r, and is 1, 1, or 2, if Kd (D) is 1, 2, or 3,

respectively. Sd (SCALE) is the scale factor.

Equation (II.C.10.4) is used in place of Eq. (II.C.10.3) if the specified value of i
is negative. Positive values are used for the temperature difference and exponent.

This form of conductance is ften used for heat transfer by free convection.

Any number of connections may be specified between any pair of nodes. If an

interface conductance has a temperature or time dependency that cannot be modeled as

described above, a very thin node may be placed in series between the two nodes. The

thin node may be a material with a thermal conductivity tabulated vs temperature or

time, to obtain the desired conductance.

Any desired connector lengths and area factors which result in the correct con-

ductance of the connection, according to Eq. (I.C.10.1), may be specified. The values

are independent of the dimensional factors specified in input data BLOCK 4 for the nodes.
This method allows systems of any shape and with any type of interconnection to be de-
scribed. Separate computer programs such as FED21 may be used to generate the

geometric input data required as input data for TRUMP.

(2) Selection of Connector Lengths and Interface Areas-The selection of connector

lengths depends on the location of the representative point (or nodal point) within each

node. These locations may be chosen arbitrarily, but, for greatest accuracy in tran-

sient calculations, should usually be at the geometric centers of the nodes. Exceptions

are nodes for which the amount of heat flow actually depends on surface temperatures,
requiring that the nodal points be located on the surface. This includes nodes with sur-

face connections of any type except a specified flux, and nodes with internal connections

involving radiative transport or using the free convection option, Eq. (.C.10.4). Care

must be taken to avoid thermal connections for which U ij is very large in comparison

with the conductances of other thermal connections involving nodes Ni and Nj. This
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causes numerical difficulties in calculating the heat balance. Such connections may be

eliminated by either lumping the two nodes into a single node or by moving the nodal

points further apart, whichever causes the least error.

In general, a thermal connection between two nodes with different thermal con-

ductivities has average distances a. and d to the interface, and average areas in each

node i and A i. In transient problems, the locations of isothermal surfaces may

change with time, and the heat flow paths may also change. The estimates of average

lengths and areas must be based on some assumption about the direction of heat flow or

about the component of heat flow perpendicular to the interface or in the direction of a

line or curve connecting the nodal points. If the nodes have the same thermal conduc-

tivity, the interface location has no effect on the conductance of the connection, which

then depends only on the total heat-flow path length and average area. In terms of the

average areas and distances defined above, the conductance of a general connection is

as follows:

Ui j =|I/ A + djk AJ 1 (H1jij (II.C. 10. 5)

Since a particular interface area Ai i must be specified, the corresponding connector

lengths should be specified as follows:

di iAi /'Ai' (II.C.I0.6)

d = d. Ai /j* (II.C.10.7)

In the case of simple radial flow in cylindrical or spherical geometry, the average

areas Ai and A. should be either log mean or geometric mean values, respectively, be-

tween the areas at the nodal points and the area at the interface. If the thermal con-
ductivity of both nodes is the same, Aij may be the appropriate mean area between the

nodal point locations, and d and d may be the actual radial distances from the nodal

points to any arbitrary interface location.

In one-dimensional systems, thermal conductances will be accurately described

if all node interfaces are perpendicular to the direction of heat flow, and the appropriate

mean areas are used. In two-dimensional or three-dimensional systems, thermal

conductances will be accurately described only if all node interfaces are perpendicular
to the lines joining the two nodal points and intersect that line at an appropriate mean

position (arithmetic mean of non-divergent coordinates, log mean of cylindrical radius,

or geometric mean of spherical radius). This may be difficult to achieve but is an

ideal to be approximated as closely as practicable.

(3) Connector Lengths and Areas in Simple Coordinate Systems-In rectangular

coordinates, connector lengths and areas for thermal connections in the x, y, and z

directions are, respectively,
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diX= i dj =Ax, A.ij AyAz

di= Ayi dj Ay , A Az Ax (II.C.10.8)

di= z. dj Az., Aij AxAy

In cylindrical coordinates, connector lengths and areas for thermal connections

in the r, , and z directions are, respectively,

di=Ari, d =Ar.I, = .rAz Aei i ' j 3 1,3

di = riAOi d = r.Ae. Ai, Ar Az (II.C.10.9)

di AZi d =Az., Aij = r Ar

where the r values are arithmetic means.

In spherical coordinates, connector lengths and areas for thermal connections in

the r, , and directions are, respectively,

2 -
di = Ari d = Arj, Aij = r sin OAO&O

di = ri sin 6iAi, d= r sin 4.AO j, A = ravArAo (II.C.10.10)

di ri i d = rA4o Aj ravAr sin OAO

where rv and are as defined in Eqs. (II.C.7.15) through (II.C.7.17). The dimensional

factors d and dr may be chosen as desired to give the correct interface areas accord-

ing to Eq. (II.C.10.2).

b. Mass Flow Connections

Heat may be transported through the system by mass flow along any paths con-

necting nodes of the same material. Each mass-flow connection between a source node

Ni (NODFl) and a sink node N. (NODF2) must have a specified mass-flow rate Fi j that
may be constant (FLOWN, typical units: g/sec) or a tabulated function of time or tem-

perature (FLOWT vs TVARFL). In addition, relative distances from the nodal points

to the interface, di (DELF1) and d (DELF2), must be specified and are used to calculate

by linear interpolation the heat content of the material flowing through the interface.

These data are specified in BLOCK 10 of the input data deck.
Where mass flows into the system, a zero-volume node may be used as the source

node. A constant inlet temperature may be obtained by giving the zero-volume source

node the desired initial temperature. A time-dependent inlet temperature may be ob-

tained by giving the zero-volume node an external connection to a boundary node with the

desired temperature variation with time.
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No sink node may be a zero-volume node. Where mass flows out of the system,

no connection need be specified. The form of the equations used is equivalent to the

assumption that each mass-flow stream entering or leaving a node through a mass-flow

connection interface is accompanied by an equal and opposite mass-flow stream at the

temperature of the node, maintaining constant mass in the node. Thus, mass effectively

enters the system at the temperature of the upstream node of each flow path and

leaves at the temperature of the downstream node of each flow path.

The mass flow across each connection carries with it the total sensible and latent

heat content of the flowing material, and any reactants contained in the material. The

effect on concentrations of low-temperature phases, when phase changes are occurring,

depends solely on the net heat balance around each node. Therefore these concentrations

are not calculated as a direct mass-transport effect, as are reactant concentrations.

11. Surface Heat Transport

a. External Temperatures

For convenience in specifying boundary conditions that involve heat transfer

between the system and its surroundings, external temperatures may be specified. Each

such external temperature must be assigned an identification number Nb (NODB) (independent

of numbering systems used for materials, reactants, and nodes) and have a specified

constant or time-dependent temperature Tb. Tb may be a tabulated function of time

(TEMPB vs TIMEB) or vary sinusoidally with time with a specified mean value Tb, 0

(TEMPB(l)), amplitude ATb (TEMPB(2)), period tb (TIMEB(l)), and phase advance

Atb (TIMEB(2)), as follows:

Tb(t) = Tb, + ATb sin [2i ( b)I (II.C.ll.l)

For convenience, the term "boundary node" is used in this report to refer to an ex-

ternal temperature. These data are specified in BLOCK 7 of the input data.

An alternative way to produce a temperature to be used as an external temperature

is by using a node with very large heat capacity, so that its temperature is unaffected

by heat flow between it and the system. The node may be assigned an initial tempera-

ture, which will remain constant; or may have a specified heat-generation rate gn (GT),

which can be a tabulated function of time; or may decrease or increase exponentially

with time (see Section II.C.8). For a heat-flux boundary condition, a node with very

small heat capacity could be assigned a constant or variable heat-generation rate and

could be thermally connected to the actual surface node.

b. External Thermal Connections

Heat flow between the system and the external environment takes place through

external thermal connections. Each thermal connection between a surface node Ns

(NODS) and a boundary node Nb (NODSB) must have two specified dimensional factors
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d1 (DLONG) and dr (DRAD), which are used to calculate the surface area As b (AREAS)

of the connection, as follows:

A a dl d S 2 (II.C.11.2)s, b 1 d'

where a, 13, and Sd are defined as in Eq. (IIC 7.1). The factors d and dr are com-

pletely independent of dimensional factors specified for the node or any of its internal

connection areas. Otherwise, the same comments apply to the use of d1 and dr as in

the case of internal connection areas (see Section II.C.lOa).

The overall surface conductance or heat-transfer coefficient for the external

connector may include free or forced convection and radiation. A convection coefficient

hs, b may be constant (HSURE), or a tabulated function of time or temperature (HSURT

vs TVARH). A free convection exponent Ps b (POWER) may be specified. A radiation

form factor s b (RSURE) may also be specified (see the comments on i. in1, 
Section II. C. 10a). This data is specified in Block 6 of the input data deck. The overall

surface conductance is calculated as follows:

Tb s, bb b 2T T21
Us, b = AS, b [hs, b I Ts - Tb s + a s, b (Ts b) ( s + b)| (II.C. 11. 3)

where h b is an estimated average value for the time step, evaluated at 0.5 (Ts + T)

is temperature dependent, and 's and Tb are estimated average temperatures of the

surface and boundary nodes for the time step (see Section III. B).

A specified variation of surface temperature with time may be obtained by use of

a very large convection coefficient hs b connecting the surface node to a boundary

node with the desired temperature variation. For a surface temperature which is

constant or changes linearly or exponentially with time, the surface node could be

connected with a large interface conductance hi j(HINT) to a regular node with large

heat capacity and with a constant temperature or constant or exponentially changing heat

generation.

A specified variation of surface heat flux with time may be obtained by use of a

very small convection coefficient hs bconnecting the surface to a boundary node with

a very high temperature Tb, and by tabulating hs b vs time so that the product hs, b Tb
is equal to the desired surface flux per unit area. An alternative method is to use a thin

surface node with a specified internal heat generation rate, to provide the desired heat

input at the surface.

To be absolutely correct, surface nodes should be either zero-volume or very

thin nodes, or have their representative nodal points on the external surface. This is

especially important in the cases of free convection and radiation heat transport, but

less important when a surface heat flux is specified.

Where a large number of surface nodes are connected to the same external

temperature, and the heat-transfer coefficients h5 b (HSURE) are not tabulated, the
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number of external connections can be reduced by replacing them with connections to a

zero-volume node that is connected to the boundary node with a very large convection

coefficient.

Heat entering or leaving the system by mass flow is considered separately in

Section II.C.1Ob).

12. Special Functions of System Temperatures

a. General

It is often useful or necessary to include in the system nodes whose temperatures

are some function of other temperatures in the system, without disturbing the system

itself. This may be done passively, to obtain information only, or the temperatures

obtained may be used to control values of temperature-dependent variables at various

places in the system (see Section II. C.13). Temperatures may be obtained which are

equal to any linear combination of other temperatures in the system, including weighted

averages, sums and differences. Time derivatives and time integrals of temperatures

may be obtained. The variables controlled by these temperatures may be any tabulated

functions of temperature. In combination with use of sinusoidal variation of boundary

node temperatures and exponential variation of heat generation rates, a wide variety of

functions and methods of control may be used. Several of the most useful measuring

methods are described below.

The conductance of any thermal connections required between the measurement

nodes and the other system nodes should be made small enough so that negligible

amounts of heat flow occur. The heat capacities of the measurement nodes can be ad-

justed so that their time constants, or time lags in reacting to changes in system tem-

peratures, may range from very small to very large times. The measurement nodes

can be of any material present in the system or of a material with density and heat

capacity values of 1.0, to simplify calculations. Areas of connections can be given

values of 1.0, and HINT or HSURE can be used, to obtain any desired total conductance

values.

b. Linear Combinations of Temperature

A general linear combination of temperatures may be expressed as follows:

N

Ts = I an Tn + acTcA (II.C .12.1)
n=1

where T5 is the temperature of the measuring node, the T are node temperatures, T
is a nn C

is any constant temperature, a is either 1 or 0, and a 1 is the largest of the a values.
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The measuring node, which may be a small special node or a zero-volume node, is

connected to nodes 1 through N with total conductances:

hn hlan/al (II.C. 12.2)

and if a is 1, to a boundary node with temperature Tc with total conductance:

hc = hl/al (ILC. 12.3)

and if h 0 is not zero, to a boundary node with zero temperature with total conductance:

N

h0 = hil- ac -Y a n)/ 1 .
n1l

(IL C. 12.4)

The time constant of the measurement node is given by

ts = Csa/h (II.C. 12.5)

where Cs is the total heat capacity of the measurement node. The values of h1 and Cs

are adjusted so that the heat flow from the system into the measurement node is small,

and so t is within the allowed time lag for the measurement.

For a simple arithmetic average, a1 = a2 = 1/2, ac = 0, h = h2, hc = h = °- For

a simple temperature difference, a = 1/2, a2 = -1/2, ac = 0, h2 = -hi, hc = 0, and

ho = h1. For a constant added to a temperature, a = 1, ac = 1, h = h, and h= -h= .

c. Rates of Temperature Change

A measurement node may be used to obtain a temperature proportional to the

rate of change of temperature in another node:

dT )
(II. C. 12.6)

This is done by connecting a node n, of heat capacity, C., to node I with a conductance

hn. If tn = Cn/hn is sufficiently small, both nodes will change at about the same rate,

given by

dT h dT

dt Cn (T n) dt (I. C.12.7)

so that

1 n~ (Cn dT 1nm
(II. C.12.8)
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A temperature proportional to this difference is obtained by use of a zero-volume node,

connected to node 1, node n, and a boundary node with zero temperature, as described

in the preceding section.

T. a(T 1 -(T n ) d (II. C.12.9)

where a = b hn/Cn. As before, hn is small compared with the conductances of other

connections of node n, and the conductance between the zero volume node and node n is

small compared with h . The temperature Ts will be approximately proportional to

the time derivative of T1 , smoothed over a time period, and with a time lag error,

approximately equal to tn. This type of measurement is subject to the same instabilities

as would occur in analogous mechanical or electrical devices for rate measurements,

plus the additional time step truncation error resulting from the use of discrete time

steps.

d. Time Integrals of Temperature

The simplest way to obtain a time integral of a function of temperature is to add

a node of unit volume, density and specific heat to the system, with an internal heat

generation rate G(T) tabulated vs temperature, and controlled by the temperature of

the node being measured. The temperature of the measuring node is given by:

Ct
Ts Ts 0 30 G(T 1) dt, (.C.12.10)

where Ts is the initial temperature of the measuring node, and G(T1 ) may be expressed

in forms such as aT and a(T - T). The temperature Ts may then be used, in turn, to

control the value of some other temperature-dependent tabulated function in the system,

thus obtaining integral control.

13. Properties Dependent on Remote Temperatures

Any of the properties that may be tabulated functions of temperature can be

evaluated at the temperature of nodes other than the nodes at which the properties apply.

Such properties include heat capacities, thermal conductivities, heats of reaction, log

collision frequencies, activation energies, heat-generation rates, mass-flow rates, and

convection coefficients. The identification numbers of the node at which the property

applies N1 (NODP1), and the node whose temperature controls the value of the property

N2 (NODP2), and a property-identification number Np (NPROP, 1 through 8 for the

properties listed above) are specified for each such remote property dependence in

BLOCK 12 of the input data. In mathematical form,

PN p (N 1) N p IT (EN2) i (II.C. 13. 1)

where r is the generalized spatial coordinate of node Ni.
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It should be noted that the controlling node, N2, may be connected in such a way as to

have a temperature equal to a weighted average, difference, derivative, or integral of

other temperatures in the system. This allows a wide variety of problems to be solved

that involve feedback, automatic control, or determination of the required value of

some property to obtain a given temperature distribution or variation with time.

14. Criteria for Ending the Problem

a. Miscellaneous Limits

A number of different criteria may be used to end a problem. Any or all may be

used. A maximum problem time tmax (TIMAX) may be specified. If not specified,

tmax will be ignored. If tmax is negative, the problem will end after the first time

step. A maximum temperature Tmax (TMAX) may be specified. This is most useful

in problems involving runaway chemical decomposition. If not specified or if equal to
112

Tmin' Tmax will be 10 . A minimum temperature Tmin (TMIN) may be specified. If

not specified, or if equal to or greater than Tmax* Tmin will be -10 . The limits

Tmax and Tmin can be made to apply individually to any node in the system for any

specified periods of time. This is done by connecting a zero-volume node to the con-

trolling node, and also to a boundary node with a time-dependent heat transfer coef-

ficient. The connection conductances and boundary node temperature are chosen so

that the temperature of the zero-volume node reaches a specified value of Tmin or

Tmax when the controlling node reaches the desired limiting temperature.

A maximum number of time steps Mcyc (MCYC) may be specified. If not speci-

fied, Mcyc will be ignored. A maximum number of seconds of machine time, Msec

(MSEC), may be specified. If not specified, Msec will be ignored. If Mcyc or Msec

is negative, the problem will end after the first time step.

A monitor control card may specify a maximum amount of machine time. The

machine operator may interrupt or end the problems by turning on Sense Switch 1. If

the number on the Data End card at the end of the data deck is -2, this will end the

problem; otherwise it will be interrupted and can be restarted and continued from re-

start tape 5A, by means of the ONMON or ONMONS routine.

A "*CHECK" TRUMP control card (columns 1-6) may precede the Problem Name

card, to cause the problem to end on completion of the first time step. This option is

convenient for checking input data for errors.

b. Steady State

If no other criteria end the problem, and boundary conditions or heat-generation

rates do not vary with time, steady state will usually be reached eventually. The fol-

lowing requirements must be satisfied before the program will end the problem because

of steady state:

input variable KSPEC must be nonnegative;
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the upper time step limit DELTMX must be equal to either DELTO or 1012,

whichever is smaller; or, if DELTMX is less than either, the current time step

DELT must be equal to DELTMX;

the maximum temperature change DTMAX must have been less than 01% of

TVARY for two consecutive time steps;

at least ten time steps must have been completed;

no nodes can have been reclassified as special nodes for three consecutive time

steps;

and no time steps can have been repeated for three consecutive time steps.

If the user requires only the steady-state solution, the specified average tempera-

ture change AT (TVARY) may be made quite large. However, if important heat pro-

duction, absorption, or transport processes in the system are strongly temperature

dependent, ATav should be small enough to limit changes in the magnitudes of these

processes to small percentages. Otherwise, an oscillatory solution may result, pre-

venting the steady-state criteria from being satisfied. If Atmax (DELTO) is specified,

it should be no larger than 10%6 of the approximate time constant of the system.

15. Control of Method of Calculation

The types of difference equations used for thermal and mass-flow heat transport

can be controlled to some extent by the user. Stable difference equations, not subject

to a limiting time step, are used for all special nodes, which includes all zero-volume

nodes, nodes with external thermal connections, nodes for which the user specifies a

nonzero value of KS in data BLOCK 4, and regular nodes reclassified as special nodes

during the calculation. No regular nodes can be reclassified as special nodes during

the calculation if the user specifies a negative value of KSPEC in data BLOCK 1. If

KSPEC is zero or not specified, each regular node will be reclassified as a special

node when the time step required to obtain a maximum temperature change to TVARY

approaches the stability limit of the node. If KSPEC is positive, all regular nodes will

be changed to special nodes before the first time step. If KSPEC is 2, the interpolation

factor FOR, which determines the amount of interpolation between initial and final

temperature driving forces in the heat-transport equations, will be fixed at 1.0, so that

simple backward difference equations will be used. If KSPEC is 3, the interpolation

factor will be fixed at 0.5, so that central difference equations will be used. The options

with nonzero KSPEC are less accurate and efficient than the option obtained when

KSPEC is zero, but allow a more direct comparison with results obtained by other

computer programs using simple forward, backward, or central difference equations.

In addition, the user may specify upper and lower limits for the size of the time

step, SMALL and DELTO in data BLOCK 1. These may be equal, resulting in use of a

fixed time step. The program will ignore the value of SMALL, however, if it is

-28-



greater than the stability limit determined for the regular nodes. In most problems,

the most effizient calculation is obtained b not specifying KS, KSPEC, SMALL or

DELTO.

16. Control of Accuracy

a. Principle Types of Errors

Accuracy is affected by six principle types of errors:

modeling errors, arising from use of inaccurate material and reactant properties,

inaccurate initial and boundary conditions, other approximations used in modeling

the real system, and interpolation errors in evaluating tabulated functions;

spatial truncation errors, arising from the subdivision of the system into discrete

volume elements, or nodes, for which average values of spatially-dependent

variables must be estimated, and for which inaccuracies in volumes, areas, and

distances may arise;

time truncation errors, arising from the use, in the transient calculation, of discrete

time steps for which average values of time-dependent variables must be estimated;

temperature truncation errors, arising from the discrete temperature changes that

occur in each node in each time step, for which average values of temperature-

dependent variables must be estimated;

convergence errors, arising from the use of an iterative method of solving the

heat-transport difference equations for connected special nodes, with arbitrary

convergence criteria;

and arithmetic truncation errors, arising from accumulation of round-off errors

and from the loss of significant figures that results when numerical values of

widely differing magnitudes are added to, or numerical values of similar magni-

tude are subtracted from, each other.

b. Modeling Errors

Modeling errors can usually be estimated or determined by comparing the results

of using different models of the same system. Available material and reactant properties,

and assumptions made concerning boundary conditions,are seldom accurate to more than

two or three significant figures. There is no justification for attempting to reduce spatial

and time-step truncation errors much below modeling errors, except where their effect

tends to be accumulative.

c. Spatial Truncation Errors

Spatial truncation errors are controlled by subdividing the system just finely

enough so that nonlinear temperature distributions are fitted within required accuracy by
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linear interpolation between the nodal points of the nodes, and variation of temperature-

dependent properties over the volume of each node is within required limits of the

average values determined for the nodal point. This may be difficult to estimate in ad-

vance but is simple to determine after a calculation has been made. Often a simplified

version of the problem may be calculated to help in estimating the required degree of

subdivision in different parts of the system.

In most problems, reasonable accuracy and efficient use of machine time are ob-

tained by subdividing the system into nodes whose time constants (total capacity divided

by total conductance of all thermal and mass flow connections) are about o of the total

time range in which large temperature changes occur at the location of the node in the

system. This will vary widely from points near boundaries and interfaces where tem-

perature discontinuities are initially present, to points distant from any discontinuity.

d. Time Truncation Errors

Time truncation errors are usually controlled indirectly, by specification of a

desired maximum temperature change for each time step, TVARY. Each time step is

adjusted from the previous value, within fixed limits, to try to maintain the maximum

temperature change at an average of TVARY, and no more than twice TVARY.

In addition, the time step is adjusted to limit changes in time- and temperature-

dependent functions to an average of 1%, and no more than 2 over each time step.

The time step is also adjusted to limit the number of iterations required in the heat

balance to an average of 40, and no more than 80. Results of time steps for which tem-

perature changes, changes in tabulated functions, or the number of iterations exceed

these limits are discarded and the size of the time step halved. Time-dependent quanti-

ties are evaluated at an intermediate time in each time step, obtained by adding to the

initial time a fraction of the time step between 0.57 and 1.0 (see Section III.I.3).

The user may also specify upper and lower limits, DELTO and SMALL, on the

size of the time step. The upper limit may be necessary to prevent a narrow peak in a

tabulated function of time from being completely skipped, or to avoid slow convergence

of the iteration procedure when approaching steady state, especially in problems in-

volving highly temperature-dependent parameters, or thermal radiation transport.

DELTO should be specified as about 0.1 to 1o of the total time in which important tempera-

ture changes will occur, if that is known. The lower limit may be necessary to allow

time-dependent functions to be fit more closely than would be allowed with the lower

limit selected by the program, which is usually 2/3 of 1% of the smallest stability limit

of any regular node in the system. The lower limit may also be used to avoid very

small time steps when a tabulated parameter undergoes large percentage changes that

need not be accurately followed. DELTO and SMALL may be given the same value, to

.orce use of a constant time step, or comparison with another program or for con-

venience in obtaining output data at exact times.

Instabilities can result from use of too large a time step when the estimated aver-

age values of driving forces for the time step are very inaccurate. This is automatically
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prevented from occurring in TRUMP in the case of heat transport, by use of stable

implicit equations for thermal and mass-flow connections that would otherwise cause

instabilities. However, the effect of mass flow on reactant concentrations is not

stabilized, and use of a time step larger than the residence time (node mass divided by

flow rate) in any node can result in inaccurate values of reactant concentrations. This

must be controlled by specifying a value of DELTO smaller than the residence time for
any nodes containing reactants.

e. Temperature Truncation Errors

Temperature truncation errors are controlled by specification of TVARY, which

controls the size of the time step within the limits of SMALL and DELTO. Temperature-

dependent quantities are evaluated at estimated average temperatures for each time

step and are obtained by adding to the initial temperature the rate of temperature change

estimated from the previous time step, multiplied by a fraction of the time step between

0.57 and 1.0. In most problems, reasonable accuracy and efficient use of machine time

are obtained by specifying a value of TVARY of about 0.1% to 1% of the greatest tempera-

ture change expected to take place in the system, or such that no more than lo change

occurs in temperature-dependent quantities in the temperature interval TVARY. For

problems involving appreciable heat flow by thermal radiation, TVARY should be no

more than 5 to 1OC, or anoscillatorysolutionmayresult. Average cumulative errors

in the heat balance and calculated temperatures will amount to about 16 of TVARY, with

individual errors no more than 10%, compared with a calculation of the same node sys -
tem with very small time steps.

f. Convergence Errors

Convergence errors in the iterative solution for connected special nodes are con-

trolled by the specified value of TVARY. The iteration is stopped when the change in

total heat content, divided by the total heat capacity, of all the connected special nodes,

from one step of the iteration to the next, is less than 5(10 5) of TVARY, and when no
finite-volume special node has a change in calculated temperature, from one step of the

iteration to the next, greater than 10 4 TVARY. A limit of 80 iteration steps is also im-

posed, which, if reached, causes the results to be rejected and the time step to be halved and

repeated. TVARY should be no less than about 0.02% of the expected maximumtotaltempera-

ture change inthe system. Otherwise, numericaltruncation errors might preventthe con-

vergence criterion from being satisfied for any size of time step.

The iteration procedure may converge very slowly, or fail to converge, without

obtaining an accurate heat balance or accurate temperature, if the system is too finely

subdivided, relative to the required accuracy in space and time. In each iteration, a

node is only affected by directly connected nodes, so that the number of iterations re-

quired for two nodes to properly interact is proportional to the number of connections

in series between them. Because of this method of iteration, convergence may also be

slow, or fail, if a single thermal connection between two nodes has very high con-

ductance compared with the conductances of other connections of the nodes, causing
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large numerical truncation errors to occur. This can occur, for example, when two

very thin layers of high-conductivity material are in contact between poorly conducting

material. They may oscillate, or equilibrate with each other, then remain at constant

temperature, regardless of the temperature changes in the poor conductors. This can

be avoided by lumping any such pair of nodes into a single node. In every problem, the

output data list of connection conductances (column headed TRAN) should be checked to

see if such connections exist. The output data list of time constants of nodes (column

headed SLIM) should also be checked to make sure that unnecessarily small time con-

stants are not being used. Difficulties in convergence of the iteration procedure for

special nodes and preservation of the heat balance may result if large groups of con-

nected nodes have time constants much smaller than the time steps used in the calcula-

tions (by factors of 10 or 100 or more). Convergence can be improved by use of coarser

zoning, or by specifying a much smaller value of TVARY, or by specifying a value of

DELTO no larger than 10 to 100 times the average stability limit of the group of nodes,

and no larger than 10% of the time constant of the whole system. Zero-volume nodes

should be used only where absolutely necessary, as for obtaining special functions of

system temperatures (see Section II.C.12) or for determining accurate surface tem-

peratures when an appreciable thermal gradient is expected at the surface.

g. Arithmetic Truncation Errors

Numerical truncation errors arising from accumulated round-off errors are

generally not important, in comparison with modeling errors and space, time, and

temperature truncation errors. In general, their effect is in one or two units in the

last significant figure of any quantity for each time step. After 1000 time steps, the

accumulated error would appear in the seventh significant figure on the CDC-6600.

Truncation errors arising from algebraic addition of terms which are nearly

equal but have opposite signs, or which have widely differing orders of magnitude, can

se quite serious. Net heat-flow values and average flux rates for nodes, especially

zero-volume nodes, can be affected by this type of error. These errors can be found

by comparing the net heat-flow values for a node with the net heat flow across all

thermal connection of the node. These may represent large percentage errors, but

very small absolute errors, and have no effect on calculations of temperature or heat

content.
Convergence of the iterative scheme for special nodes can be affected by this

type of error, if any node has conductances of widely differing magnitude. This is why

extremely high conductances should be avoided, where possible, by lumping nodes to-

-ether, or by modeling very thin layers or gas gaps as interface conductances.

;7. Selection of Output Data

a. Numerical Output

The user has several options controlling the amount and form of numerical output

-ata. It may be written on a specified output tape (see Section II.E.4), which is normally
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3, but may be 100 to obtain output on the dd8O instead of the radiation printer. The

dd8O output is most convenient for making copies and for inclusion in reports.

All input data-and several derived quantities such as node volumes, connection

areas and table slopes, and comments concerning special input options or input errors-

are written out. The results of the first, second, and last time steps are always

written out. In addition, data are written out at problem time intervals of TIMEP and

time-step intervals of IPRINT. The type of data written out is controlled by the input
value of KDATA. The following are included in each printout:

problem name (NAME) and number (NPROB);

initial clock time (CLOCKB) and machine letter and date (CLOCKA);

printout number (NPRINT);

time-step number (KCYC);

time-step lower-limit counter (MF) and upper-limit counter (MSS);

problem-end sentinel (KWIT);

time-step upper limit (DELTMX) and lower limit (SMALL);

temperature-change control (TVARY);

maximum temperature change (DTEMP);

time-step control (DTMAXS);

number of special node heat-balance iterations (NUTS);

total time (SUMTIM) and last time step (DELT);

net heat flow into the system (FLUX), resulting average temperature change

(TEMPER), and average rates of heat flow (FX) and temperature change (TX);

average system temperature (TEMPAD);

total system heat capacity (CAPS) and heat content (HEAT);

total system heat-generation rate (GS), amount of heat generated (GENS), and

resulting average temperature change (TEMPLE);

total number of special node iterations (NIUTSUM);
average node iterations per time step (NUTAVG) and the maximum in any time

step (NUTX);

and time-step interpolation factor (FOR).

The temperature table includes only node numbers and temperature, if KDATA

is negative. If KDATA is nonnegative, the following data are printed out for each node:

temperature (T), temperature change in the time step (DT), estimated rate of tempera-

ture change in the next time step (DDT), heat generation rate (, e.g., cal/sec), total

heat content (W, e.g., cal), change in heat content from the beginning of the problem (H),

and net heat transported into the node by internal and external thermal connections (F,

e. g., cal). If phase change or chemical reaction,or both, are included in the problem, the fol-

lowing data are printed out for just those nodes with nonzero concentrations: tempera-

ture (T), weight fractions (A and B), changes in the time step (DA and DB), and esti-

mated rates of concentration change in the next time step (DDA and DDB).
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The following data are printed out for each boundary node: temperature (TEMPB),

net heat flow into the system from the boundary node (HEAT FLOW, e. g., cal), and

average rate of heat flow (AVG RATE, e. g., cal/sec) during the problem.

A node (NUM) may be specified in data BLOCK 1, for which T, DDT, A, B, G,

and SUMTIM will be printed out at every time step.

Additional data are printed out only on the first and last time steps, and for other

time steps if KDATA is positive. The following data are printed out for each material:

the number of nodes (NODMS), density (DENS), total volume (VOLMS), total mass

(HEFTMS), total heat capacity (CAPMS, e. g., cal/CC), total heat content (WMS, e. g.,

cal), and average temperature (TMS).

The following data are printed out for each node: material number (NODMAT), type

(NTYPE), radius (RADIUS, DRAD*SCALE, BLOCK 4), volume (VOLS), mass (HEFT),

heat capacity (CAP, e. g., cal/CC), thermal conductivity (CON, e. g., cal/sec-cm-OC),

and time constant (SLIM, limiting stable time step usable with a forward difference

equation).

If chemical reaction is included in the problem, the following data are also printed

out for each node containing a reactant: mass (HEFT), heats of reaction (QA and QB,

e. g., cal), log collision frequencies (ZA and ZB), and activation energies (EA and EB,

e. g., cal/g mole-OK).

If mass-flow is included in the problem, the following data are printed out for each

node having a mass-flow connection: net flow rate in (FLINT, e. g., g/sec), net flow rate

out (FLOUT, e. g., gsec), net flow in (FLIPS, e. g., grams), net flow out (FLOPS, e. g.,

grams) node mass (HEFTS), average residence time (DFLOT =HEFT/FLINT), and average

flow rates in and out between TAU and SUMTIM. For each mass-flow connection, the

following data are printed out: flow (FLOWN, e. g., g/sec), net flow (FLAPS, e. g., grams),

average flow rate between TAU and SUMTIM, source node weight factor DELF1), and

sink node weight factor (DELF2). The latter two are proportional to input values DELF2

and DELF1, respectively, and are used to estimate the interface enthalpy.

The following data are printed out for each internal thermal connection: area
(AREA), interfacial conductance (HINT, e. g., cal/ sec-cm 2-_C), interfacial radiation

form factor (RINT), overall conductance (TRAN, e. g., cal/sec-OC), net heat flow since

the beginning of the problem (FI, e. g., cal) into the first node from the second node,

and the average rate of heat flow during the problem.

The following data are printed out for each external thermal connection: area
(AREAS), heat-transfer coefficient (HSURE, e.g., cal/sec-cm 2-C), free convection

exponent (POWER), radiation form factor (RSURE), overall conductance (TRANS, e. g.,

cal/sec-0 C), net heat flow since the beginning of the problem (FS, e. g., cal) into the

surface node from the boundary node, and average rate of heat flow since the beginning

o. the problem. The sum of the latter two values for all external connections is also

given.

During the problem, statements are printed out whenever a regular node is

changed to a special node, whenever the iteration procedure for special nodes fails to
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converge in the allowed maximum number of iterations, and whenever a time step has

to be repeated. In the latter case, the following data are printed out: the time step

number (KCYC), the size of the unsuccessful time step (DELT), the problem time at

the beginning of the time step (SUMTIM), the factor indicating iteration-convergence

failure (DTMAXS = 80.0 X TVARY) or too large a change in a tabulated function

(DTMAXS = % change X TVARY), and the maximum temperature change ATmax

(DTEMP).

After the last time step, the following additional data are written out: the

problem-end sentinel (KWIT) and a table of values of its meanings, and the elapsed

machine time, in seconds, since the beginning of the problem.

For each problem, the following data are printed out on-line: the problem name

and initial clock time, the total, average, and maximum number of iterations

(NUTSUM, NUTAVG, and NUTX), the problem number (NPROB), number of time steps

used (KCYC), final problem time (SUMTIM) and problem-end indicator (KWIT), elapsed

machine time-in seconds-since the beginning of the problem, and the total heat con-

tent of the system (HEAT) and net flow into the system (FLUX).

In addition, statements are printed out on-line and on the regular output tape that

are related to restart from tape, interruption by Sense Switch 1, occurrence of various

input errors, use of data from a preceding problem when data decks are stacked,

failure of convergence of the iteration procedure used for special node heat balance cal-

culations, repetition of time steps that are rejected, and reclassification of nodes as special

nodes.

b. Graphical Output

(1) General-Graphical output is produced by the TRUMP program by use of the

dd8O library subroutines and plotting system. Input data controlling the graphical out-

put are specified in dataBLOCK 11. If an "*OUTPUTlp" TRUMP control card has been

read in, all numerical and graphical output will be produced by the dd8O system. Each

plot produced will be accompanied by a table containing the numerical coordinates of all

the points plotted. Both plots and tables are identified with the problem name (NAME),

problem number (NPROB), initial clock time and date, plot number (NPLOT), and

problem time (SUMTIM).
Plots are obtained by specifying a nonzero value of JPIC, or one or more values

of NODEP, or both, in BLOCK 11. Several options are available as to the types of plots,

scales, interpolation, and other options, as described below.

(2) Temperature vs Time-Plots of temperature vs time will be made for the

nodes listed in the array NODEP, with points for times corresponding to the first and

last time steps and every JPIC 'th time step in between, and at problem time intervals

of TIMEP, up to a maximum number depending on the value of the parameter Ml in the

version of TRUMP in use.
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(3) Temperature vs Node Location-If JPIC is preceded by a minus sign, plots

of temperature vs node location (node number, if KD = 1, or DRAD*SCALE, if

KD = 2 or 3) will be made on the first, last, and every JPIC'th time step, and at prob-

lem time intervals of TIMEP, for all the nodes in the system, and a final plot of maxi-

mum and minimum node temperature vs node location will be made after the last time

step.

(4) Node Location vs Time-If 100 is added to LOGTIM, a plot of node location

vs time will be made for the nodes in array NODEP, for about 20 to 40 isotherms be-

tween the minimum and maximum temperatures. The list of nodes in array NODEP

must be in proper sequence of node location, for the plot to be meaningful.

(5) Plotting Options-Scales on the plots may be linear or logarithmic, with the

maximum number of cycles in the latter case specified by LOGR, LOGTEM, and

LOGTIM for the node location, temperature, and time scales, respectively. Separate

plots for both linear and logarithmic scales may be obtained by preceding the input
values of LOGR, LOGTEM, or LOGTIM, or all three, by minus signs. On the tempera-

ture vs node location plot, straight-line segments will be interpolated between the

plotted points, in the order the nodes are listed in BLOCK 4,only if 100 is added to LOGR.

All plots will have solid grid lines, unless 100 is added to LOGTEM, in which case the

scales will be marked with tic marks.

(6) Linear Transformation of Scales-Node locations, temperatures, and times

may be altered before plotting, by a linear transformation of the form

SI F1 F2 S (II.C.17. )

for the purpose of conversion to a different unit system, normalizing, or referring to a

constant base value, or all three options. The input values corresponding to F1 and F2

are FRAD1 and FRAD2 for node location, FTEMP1 and FTEMP2 for temperature, and

FTIME1 and FTIME2 for time. If not specified, the latter of each pair of factors will

be set equal to 1.0.

c. Punched OutDut

A set of punched cards containing the final values of node temperatures, reactant

concentrations, and constant heat-generation rates, in the same format as the input

BLOCK 9 cards, maybe obtained when a problem is ended or interrupted. This is ac -

complished by specifying a nonzero value of NPUNCH in BLOCK 1 of the input data. The

new BLOCK 9 may be used to replace the BLOCK 9 in the original data deck, as an alter-

native way to restart an interrupted problem or to specify the initial conditions for one

or more new problems.
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D. PREPARATION OF INPUT DATA

1. Card Input Formats

All input data for TRUMP are in Hollerith (A), integer (I), or floating point (E)

formats.

Hollerith data may consist of any characters in the character set recognized by

the computer and available on standard keypunch machines.

Integer data may consist of numbers only, preceded by a sign, and right-adjusted

in the specified data fields. Only TRUMP variables that are read in with an integer

format have names beginning with any of the letters I, J K, L, M, or N.

Floating point data may include numbers, preceded by a sign, and must include a

decimal point if the field is not entirely blank. The exponent to the base 10 may be in-

cluded (right-adjusted in the specified data field), consisting of the letter E or a sign,

or both, followed by numbers. Some variables used in floating point form in the pro-

gram are read in with a Hollerith format, converted to floating point if a decimal point

is included, or assigned some other value if no decimal point is included.

Field-free input may be used at LLL for integer and floating point variables. A

comma following a number is interpreted as a field terminator. If commas are used,

they must follow all numbers that are not right-adjusted in the field width specified in

the format statement, including the last number in the input record. Commas may not

be used after numbers that are right-adjusted or fields that have X or A specifications.

For example, if the input format is (A5, 415, 5X, SE10. 3), the input record could be

as follows:

"ABCDEb242,10745b27, 10,8bbbbbl. PE-4, l.23456E-3b0.2,, bl.PE-8,1

beginning in column 1, where the letter b indicates a blank space. Note that the integer

"10745" and the floating point number "1.23456E-3" each fills its data field, so cannot

be preceded by a blank or followed by a comma. The Hollerith data "ABCDE" and the
blank field specified by "5X" in the format also must each use the entire data field and

cannot be followed by a comma. The fourth E data field is blank. The number in the

fifth E field does not use 10 columns, so must be followed by a comma.

In this report, the symbol "f" is used for the number zero in descriptions of

FORTRAN names and data values, where confusion with the letter "" might otherwise

result. The symbol "" between FORTRAN names, numerical values, or combinations

of these, indicates multiplication, unless otherwise noted.

2. Data Deck Organization

a. General

The complete card dek submitted for a computer run consists of the following:

(1) one or more I. D. and control cards required by the Monitor system, (2) "*B" cards

with operator instructions, (3) "*T" cards specifying tapes and tape units to be used,
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(4) either a program deck (FORTRAN or binary) or a control card for loading the pro-

gram from a restart tape, (5) and TRUMP control cards and data decks. Requirements

of the Monitor system are described in manuals available in the Computer Information

Center, LLL. Use of TRUMP control cards will be described in Section II.E. The re-

quirements for data decks are described immediately below.

b. Data Decks

Each data deck must consist of a Problem Name card, any number of Bkock

Number cards with their accompanying Block Item input cards, and a D ni c .

Any number of data decks can be stacked together, using the data carryover controls

on the Problem Name cards, and the block modification controls on the Block Number

cards, to eliminate the need for describing any input data block or block item more

than once, when used for more than one problem. Data decks and data blocks may be

read in from various input units specified by special control cards described in Sec-

tion II.E.4 below. The final data deck meulbe followed by-..r a "*SPLIT" EzpCla

c. Problem Name Card

The first card of each data deck must be a Problem Name and Data Carryover

card. The symbol "*" must be in column 1, any desired problem identification and

description in columns 2 through 71 and 73 through 80, and the data carryover control,

K, in column 72. If K is 2, 3, or 4, all data from the preceding problem will be saved,

and only those data blocks and block items required to change data or add new data need

be included in the data deck. The initial temperatures and reactant concentrations will be

the same as either the initial (K = 2) or final (K = 3 or 4) values from the preceding

problem, unless modified in a new BLOCK 9A or 9B. The initial time will be the

same as either the initial (K = 2 or 3) or final (K = 4) time from the preceding problem,

uniess modified in a new BLOCK 1. SMALL should be specified in any problem for

which K is 3 or 4, if not specified in the original BLOCK 1. The entire contents of the

card (NAME) will appear on all output, along with a sequential problem number, the

machine letter, and the time and date at the beginning of the run. Additional cards

containing comments without *" in column 1 may precede the name card and will appear

on the on-line printer and the printout.

d. Block Number Cards

There are presently 12 allowed input data blocks, with block numbers from 1

through 12, as described in Table 2. Each block used must begin with a Block Number

card and, except for BLOCKs 1 and 11, must end with a blank card. The specification

of data within each data block is described in Section II.D.3 below.

The Block Number card must have the word "BLOCK" in columns 1 through 5, and

the block number, from pl through 12, in columns 6 and 7. A block type indicator

(MOD) may be punched in column 8. If MOD is not A or B, the data read in for the block
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Table 2. TRUMP input data blocks.

Optional subroutines
BLOCK Description required

1a,b Problem controls, limits, constants GENc

2a Material properties PRIMEd

3 Reactant properties CHEM
4a Node descriptions

52 Internal thermal connections

6 External thermal connections SURE

7e External temperatures (boundary nodes) SURE

8 Variable heat-generation rates GEN

9 Initial values of temperature, reactant concentrations,

heat-generation rates GENf

10 Mass-flow connections FLOW

11 Graphical output controls, nodes PLOT

12 Nodes with properties dependent on remote temperature

aRequired data for all problems.

bMust be read in before any other data blocks.

cOnly if GONE is nonzero.

dOnly if "*MAST" option is used.

eRequired if BLOCK 6 is used.

fOnly if one or more GG values are nonzero.

replaces any data previously read in for the same block. If MOD is A, data previously

read in are saved and the new data are added. If MOD is B, data previously read in are

also saved, and the new data either modify individual items previously described with

the same reference numbers or, if none can be found, are added to the old data. These

options do not apply to BLOCKs 1 and 1 1.

Any desired block description may be in columns 9 through 80, which will appear

on the printout. Additional cards containing comments may proceed or follow any data

block, as long as olumns 6 and 7 are blank, and will also appear on the printout.

A$o on/ya e forain the Zlvo N mberr>ardf)pe logfqa
unit frAm which Zbockqtems are e read (seL ction II.

Data BLOCK 1 must follow the Problem Name card, unless the data in BLOCK 1

is being carried over from the preceding problem. Data BLOCK 1 may be used more

than once in the data deck, to change the values of parameters used in initializing data

in the following data blocks, such as SCALE, KD, TONE, ALONE, BONE, GONE,

FONE, HONE, RONE and PONE. Thus a data block may be subdivided into sections

requiring different values of one or more of the listed parameters, and placed in the

data deck with a new BLOCK I preceding each section. All other data blocks may be

placed in any order, and any number of type A or B blocks can be used for each data
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block, except BLOCK 11. If more items are described for a particular block than the

allowed limit (see Section II.E.2), a diagnostic statement is printed out, the excess

items each successively stored in the last available memory location, and KWIT = 11.

If any table length exceeds the allowed limit (see Section I.E.2), the data will be incor-

rectly stored, and KWIT = 12. In either case, the problem will end after completion of

the input and initialization phases.

Although a type B data block can serve the same purpose as a type A data block,

when all the items have new reference numbers, the time spent searching the block

items previously read in is wasteful.

In a type 2, 3, or 4 continuation problem, a block of data may be cleared from

memory, without substituting new data, by including a data block consisting only of a

Block Number card with column 8 blank, followed by a blank card. This applies to all

blocks except BLOCK 1 and BLOCK 11. BLOCK 11 requires two blank cards.

If the same item is described more than once in a block, the effects will be addi-

tive in BLOCKs 5, 6, or 10, but only the last description will be used in BLOCKs 2, 3,

4, 7, 8, 9, or 12.

b

e. Data End Card

The last card of each data deck must be a Data End card, with the word "ENDED" lA-
in columns 1 through 5, and-er (-" sh'-o2~in columns 6 and 7. .hzoptionc art

_-oa~lv; A Lf L. .e4*t#

The advantagepo e g e e is a out data produced on

the final time step, including temperature vs time plots, if specified, are obtained. If

NTPUNCH in data BLOCK 1 is 1, the final temperatures and reactant concentrations will

be punched on cards in the format of data BLOCK 9, and can be placed in the data deck

to restart the problem (also see Section II.E.3 below).

3. Block Item Descriptions

Input data that may be specified in each data block are summarized in this section

of this report. Formats, definitions, options, and suggested uses are described for all

input data specified in BLOCKs and 11, and for one block item in each of the other

blocks. A block item is described on a card specifying the identification number or

numbers of the material, reactant, node, boundary node, or combination of these in-

volved, and other data, and any additional cards required for tables of temperature- or

time-dependent variables associated with the block item.

The maximum table length and maximum number of block items allowed in each

block in various versions of TRUMP are given in Table 1. The data blocks presently

allowed in TRUMP are listed in Table 2. Short definitions of input data variables are

included in the TRUMP Glossary, Section IV.G., and locations of the input data fields in

the data deck are summarized in Fig. 1. Only the actual values of the variables are

punched on the cards, not the variable names themselves.
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* Problem name card. Column 1 must be "s". Column 72 controls data carryover.

BLOCK II I Controls, limits, constants. Mst follow problem name card, J not carried over with K 2 or 3.
___SE C 6X1/V)

IPRINT NUM KDATA I KSPEC 5EC SCRITE SALE

KD Kr DELTO SMALL TWARY TAU TIMAX TMIN TMAX

TONE ALONE BO E GONE FONE HONE RONE PONE

BLOCK 2 terial names, nusers, reactant references, thermal properties.

AMAT K M _ LTABC LTAK DENS CAFT CON? _T THELT HMELT

CAPT(1) TVARC(1) CAI2 TVAC(?) | (Etc., to LTABC, omit if CAPT cons ant.)

CONT(l) TVARK(1) CONT(2) TVARK(2) (Etc., to LTABK, omit if CON cons at.)

MAS NREAD ND C X [Tr X?-IJ ASl NREA ILS NEXT MALL |YNH XD |XC XS X X$P _

MATP(1) Hs (Folow MAST card if MALL is zero. End list with a blank card.) 

Repeat AMAT card for each material. End block with a blank card. See manual for use of optional *MAST crds.

BLOCK Reactant nama,_ubers,_reaction pr rtes. (pional. 

AXE _ KEN LTABQ LTABZ LTABE QT ZT ET _ CORD

_____ _ TVARQ(1) _ TL _T_ . AR(2) _ Etc*, M .I¢^QA omitAiLrq const .4.L -
ZT(l) TVM Z(l) Zr(2) TVARZ(2) (Etc., to LTABZ, omit if Z const t.)

______________ TVARE(l) ET(2) TVARE(2) (Etc., to LTABE, omit f ET consta t.)

Repeat for each reactant, end block with a blank card.

BLOCK 1S4 Node numbers, material references, types, volumes. Initial values TONE, ALONE, BOnE, GONE will be assigned to each node.

NODE tSEQ JWDD jNODMAT f KS (DLONO ID WIDE DRAD I
Repeat for each node or sequence, end block with a blank card.

BLOCK 51 Internal thermal connection node nubers, connection lengths, interface areas, interface conductances (Optional.)

NOD1 |NOD2 | S|NADl NAD2| DELI DEL2 |DLOJO IDRAD |HINT |INT_._ _ .F I~ I .
Repeat for each internal thermal connection or sequence, end block ith a blank card.U~~~~~~~~~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . .

I.

LEiiE13iL.I Ii I 1 d I I 72 1 19L1531sd3ss5w1P113 II U p

Fig. 1. TRUMP data input format summary.



I
BlOlCK _ 6 Surface thermal connection node numbers, areas, surface conductances. (optional.)
._ _ . .. _._ .. _ _.__ ... _. _ _ _ _ I_ __I __ ..
IIODS IIODSB NlSEQ MD NADSB [ I DLONG DRAD _ISURE(Blank- oN RSURE(NlB-k ank -F

.VAM~l) H (2) TVARH(2) to LTABH, loalt f HU_ _ _ con ant.)

BSUJIT(l) _ TVMUI(1) ___i~SwtT(a) I VJUUii(2)_ _ (Etc., to I.TABB, lodt if HSUR con ant. )

1.
N

nepeat for each uriace theal connection or sequence, end block ith a blank card.

BLOCK 7 Boundary node noners, tepera tures. (Optionl, unlea Block 6 i used.)

NM III I - I) . -.

NOTE J NTIMMEQ _ _ - _ (ltck - toNE) (Bla2k - O _. B l a an th n 4 )

R peat for each tudary node e nd block with a b c alk card

BLOCK | Vriable heat generatig node umobers, heat gener ation rtes. (Optional.)

NOD |NSEQ N NLTABO (1) _ _ TVAHG OT(2) _ TYARO(2) GT(3) _l) _ _lTVARl ?
4) _ TVAR(4) ... )(Etc., to LTABO, omit If L cABO i s th 4)

Rpeat for each arsaflowea conneatingd or sequence, nd block with a blank card.

BLOCK | pt911 initil otlue node nuaberc, ntidl temperatures reactat ccentrationsp beat genirotio rates. (Optionl)

JOIE LOSEQ [Tf DD G| 3 (BlRnk *a(Blnk - AL(NE)BBl (Blauk *. BO' Blank G kONE)l

Hepe-t or eawch nitial value node or equencfzend block wtb a bln card.

BLOCK |1 i J aJMuo telow onection node n oern, low rte flow pth llngth (Option ) p 

NODF1 INODP2 1OQ |ADgi |ADJ2 IMAEL QFLOM (BlankSFCE)ADE1FJ |DEIF2 A

FLOWT(l) |TVAIWL(l) |FLOWT(2) |2YARFL(2) |(Etc. to LTAIWL, |omit FLOWT cons ant.) 

Repeat for each mooe flow connecton decene or sequence, end block ith blan carnk card.

c1s 11 CRT p t control , scale factors nodes for teper ture 3. tiBe plotm. (Option l.)

JPIC |LOSA LOM |LOGTIN |RAD1- |FDBlank * 1.0) |FTEP lnk * FihE2 (Blank

BLC 12| Remote temperasture depiendence controlled node numbers, controlling node numberc, property numbers. (Optional.

NODP1 NODP2 INRP |NSEQ pDi NADP2 |NADFR 

Aepeat or ech remote teerature dependence node or sequence, end block wth blank card.

ERDEDl-ll| nOnoredata or this vroblemdtdek.Wt 2ico 6TsneswchIv _

Blocks 1, 2 nd 4 m r quired, unles crried ver with K - 2 or 3 locks my be placed n ny order, except a noted.

I

1 I I 3141*1 17N JIO 11112113114 S 1qj' 415l2+ d2+4 2 2S 22:jj 31 3 35136 A jj9 40 4 3 451-7 4j6 5 44I s .I485 'li2A III3.' wI5I'Il"I"31 ?

Fig. 1. TRUMP data input format summary (continued).



Section II.C. should be referred to for a detailed discussion of the development of
the calculational model and selection of input data. Section III should be referred to for
a detailed discussion of the methods of calculation used in the program.
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a. BLOCK 1. Problem Controls. Limits, and Constants (Required).

Card 1. Format (1015, 2E10.3). General Controls .

IPRINT Number of time steps between data output, in addition to output on

first, second, and last time steps, and output controlled by TIME.

IPRINT is not used if negative, zero, or unspecified.

NUM Identification number of a node for which temperature, rate of tem-

perature change, phase or reactant concentrations, heat-generation

rate, and time will be written out after each time step. NUM will not

be used if zero or unspecified.

KDATA Controls options on output data, normal amount (0), minimum (-1),

or maximum (1). See Section II.C.17a.

KSPEC Node classification and difference-equation control. Normally zero

or unspecified. If zero, regular nodes will be reclassified as special

nodes only when necessary to maintain the stability limit above the

time step, and the interpolation factor in the heat-balance difference

equations may vary in the range 0.57 to 1.0. If negative, no nodes

may be reclassified, and the steady-state criteria will not be used to

end the problem. If positive, all nodes will be reclassified as special

nodes before the first time step. If 2, the interpolation factor will be

fixed at 1.0, so that the backward difference method will be used. If

3, the interpolation factor will be fixed at 0.5, so that the central dif-

ference method will be used. Node classifications may be made indi-

vidually in BLOCK 4 with KS. All nodes listed in BLOCK 6 are classi-

fied as special nodes. DELTO and SMALL must be specified when

KSPEC is positive.

MCYC Maximum allowed number of time steps. MCYC will not be used if

zero or unspecified. If negative, problem will end after the first time

step.

MSEC Maximum allowed machine time, in seconds. MSEC will not be used

if zero or unspecified. If negative, problem will end after the first

time step. Ay ,FRD4LL, V rag....eO)d
NPUNCH Causes akozbc of punched cai-ds in the format of BLOCK 9 to be pro-

duced when the problem is interrupted br ,-aee4o or ends

normally, if nonzero. The data are the final values of T, A, B and G.

The new BLOCK 9 may be inserted in the input WA, which may then

be resubmitted to continue the problem.

NDOT Causes all time derivatives to be maintained at zero during the prob-

lem, if nonzero. Not normally used. _ Y X

IRITE Number of time steps between data output on tftio44TAPE6of problem
time and table of node numbers and node temperatures, in addition to

output on first, second, and last time steps. Not used if unspecified,

zero, or negative.
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E '-i on hih outtput daill be written as described unerm

z. iaoove. Will be set to 6 if unspecified or blank, if IRITE is

ositive. Ulit must also be specified by a *T card, or by *MOU

Ed *FINI~.ntrol cards.

TIMEP Problem time interval between data output, in addition to output on

first, second, and last time steps, and output controlled by IPRINT

and JPIC. TIMEP is ignored if negative, zero, or unspecified. Out-

put will be written at exact multiples of TIMEP, if possible, by

adjusting the time steps in the range from SMALL to DELTO. The

adjustment is also limited to a range from 2/3 to 3/2 of the time step

that would otherwise be used.

SCALE Scale factor. Set to 1.0 if negative, zero, or unspecified. Will be

applied to all geometric input data in BLOCKs 4, 5, and 6 read in

following this BLOCK 1 and preceding any other BLOCK 1 with a dif-

ferent scale factor. Lengths will be multiplied by SCALE, areas by
2 3*

SCALE, volumes by SCALE

Card 2. Format (215, 7E10.3). Symmetry, Units, and Limits.

KD Symmetry type indicator: 1 for nonsymmetric, 2 for axisymmetric,

3 for centrisymmetric. Input values of DRAD in BLOCKS 4, 5, and 6

read in after BLOCK 1 will be replaced with DRAD, 2r DRAD, and
2

4r DRAD , respectively. KD is set to 1 if unspecified or zero (see

Section IH.C. 4).

KT Temperature scale indicator: 1 for Centigrade, 2 for Kelvin, 3 for

Fahrenheit, 4 for Rankin. KT is set to 1 if unspecified or zero. (See

Section II.C.2.)

DELTO Maximum allowed time step. May be used with SMALL to limit range

of time step. Not usually needed. DELTO is set to 1012 if unspecified
-10 12

or not in the range from 10 to 10 . DELTO must be specified if

KSPEC is positive.

SMALL Minimum allowed time step. May be used with DELTO to limit range

-12~ ~ ~ ~ ~ ~ ~~~~~~~1of time step. Not usually needed. SMALL is set to 10 12if less than

10 12, If SMALL is unspecified, the program sets SMALL to 2/3 of

1% of the smallest time constant of any regular node in the system,

if at least 1/4 of the nodes are regular nodes. SMALL should be

specified in continuation problems of type 3 or 4, if not specified in

the original BLOCK 1.

TVARY Desired maximum temperature change in each time step. TVARY is

set to 5.0 if unspecified or zero. Controls size of the time step be-

tween limits of SMALL and DELTO. Steady state cannot end the

Superscripts used here mean "squared" and "cubed."
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problem until the maximum temperature change is less than 0.001

TVARY for two successive time steps. The convergence criteria for

the iterative calculation for special nodes are a change in the weighted

average temperature change of all connected special nodes of less

than 5(10 )*TVARY, and in the temperature change of any finite-

volume special node of less than 5(10 )*TVARY.

TAU Initial problem time. Will be set to zero if unspecified.

TIMAX Maximum allowable problem time. TIMAX will not be used if zero or

unspecified. If it is negative, problem will end after first time step.
12TMIN Minimum allowable problem temperature. Will be set to -10 if

equal to or larger than TMAX. HMELT(N) in BLOCK 2 will be set

to zero for any material for which TMELT(N) is less than TMIN.

TMAX Maximum allowable problem temperature set to 10 if equal to or

less than TMIN. HMELT(N) in BLOCK 2 will be set to zero for any

material for which TMELT(N) is greater than TMAX.

Card 3. Format (8E10.3). System Constants.

(Apply only to data in data blocks read in after BLOCK 1.)

TONE Initial temperature of all nodes for which no TT is specified in

BLOCK 9.

ALONE Initial weight fraction of the first chemical reactant in all nodes for

which no AA is specified in BLOCK 9.

BONE Initial weight fraction of the second chemical reactant in all nodes for

which no BB is specified in BLOCK 9.

GONE Constant heat generation rate in all nodes for which no GG is given in

BLOCK 9, or no table of GT vs TVARG is specified in BLOCK 8.
3Typical units: cal/sec-cm

FONE Constant mass -flow rate for all mass-flow connections for which no

FLOWN is specified in BLOCK 10.

HONE Heat-transfer coefficient for all external connections for which no
HSURE or table of HSURT vs TVARH is specified in BLOCK 6.

RONE Radiation form factor for all external connections for which no

RSURE is specified in BLOCK 6.

PONE Free convection exponent for all external connections for which no

POWER is specified in BLOCK 6.
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b. BLOCK 2. Material Properties.

>^.-1 lT,. Optic~

Card 1. Format (A5, 5I5, 5E10.3). Material Description.

AMAT Material name. Column 1 must not be blank. If characters "*MAST"

appear here, this card will be interpreted as a control card for the

data-transfer option described below. The "*MAST" control card

may follow any number of normal BLOCK 2 input items.

MAT Material identification number.

KA, KB Identification numbers of any chemical reactants contained in material.

KA will not be used if a nonzero value of HMELT(N) is specified.

Initial concentrations of reactants must be specified in BLOCK 1

(ALONE, BONE), or in BLOCK 9 (AA, BB).

LTABC Number of points listed on heat-capacity table card or cards following

this card, positive if vs temperature, negative if vs time, zero if

only one value is specified.

LTABK Number of points listed on thermal-conductivity table card or cards

(following this card and any heat-capacity table cards), positive if

vs temperature, negative if vs time, zero if only one value is specified.
3

DENS Density. Typical units g/cm

CAPT Heat capacity, if constant. Typical units: cal/g-°C.

CONT Thermal conductivity, if constant. Typical units: cal/sec-cm-°C.

TMELT Temperature at which latent heat HMELT is absorbed or released.

HMELT Latent heat effect at TMELT. Difference between heat contents of

high-temperature phase and low-temperature phase at TMELT.

Typical units: cal/g. HMELT will be set to zero if TMELT is not

between TMIN and TMAX. See AA, BLOCK 9.

Card 2A, etc. Format (8E10.3). Heat Capacity Table

(Omit if heat capacity is constant.)

CAPT(1) Heat capacity. Column 1 must be blank on every table card.

TVARC(l) Temperature of time corresponding to CAPT(l).

(Etc.)

Card 3A, etc. Format (8E10.3). Thermal Conductivity Table.

(Omit if thermal conductivity is constant.)

CONT(1) Thermal conductivity. Column 1 must be blank on every table card.

TVARK(1) Temperature or time corresponding to CONT(l).

(Etc.)
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Data Transfer Option: ,/
Card 1. Format (A5. 55. E10.3). Data-Transfer Control Card.

(May follow any number of normal BLOCK 2 input items.)

AMAT Cotrol symbols "*MAST" cause program to interpret this card as a

control card for the data-transfer option described here.

NREAD Logidal I/O unit number assigned to the tape oriother file containing

the master materials data list or its substitute. NREAD may not be

blank or zero. Unit 6 is suggested, for unifbrmity among users at

LLL. (Assignment must have been made $y a *T, *ASSIGN, or

*MOUNT'control card.) NREAD may be given the value NB, the logical

I/O unit from which this control card is read in. In that case, the

master data list or its substitute must follow this card, if MALL is 1,

or the material selection list descrfbed below, if MALL is zero. If

NREAD is either NB,U (unit from which the Block Number card was

read in), orb?;U (the normal Monitor input unit, 2 at LRL), the mas-

ter materials data list or its substitute must end with a card record

with the symbols! in column 1, which will be recognized as an end-

of-file mark by-t!i program. If NREAD is NB, NWt or N, or pre-

ceded by a minus sign, it will not be rewound before and after reading.

NLIST Logical I/O unit number assigned to the tape or other file into which

the secondary materials data list is to be written. Unit 7 is suggested

for uniformity among users at LLL. (Assignment must have been

made by a *T. *ASSIGN, or *MOUNT control card.) If NLIST is

blank or zero, it will be given the value 4, which (at LLL) is a scratch

tape or file and csnot be saved by the user at the end of the job. If

NLIST is either CZ the normal Mn- output unit,, a at LL
I+,'- T?'MP atanil + "Ou oi±.. Mw goh a~ete by-th

1*Q2IT1PT CtVrnl rnrad). r n (1 lRfl Guts~.. or is preceded
by a minus sign, it will not be rewound before or after being written

upon. Otherwise, it will be rewound. Always precede NLIST with a

minus sign if it is not going to be read in the same job. If NEST,

described below, is not specified, and if NLIST is not 9IS, LI, a.r

the value of NB will be changed to NLIST after NLIST has been written

upon, end-filed, and rewound, and material descriptions will be read

in from NLIST, as in the normal input option described above. Also,

the file on NLIST may be saved and used as normal input in other jobs

by using the Block Number card "BLOCK02A*INPUTNN," where NN

is the logical I/O unit containing the file.
NEST Logical I/O unit number to be used as the input unit for the normal

input-option material descriptions after the transfer of data from

NREAD to NLIST is complete. Need not be specified if same as
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IST, unless NLIST is 7E'-, l0nd the input unit from which

th next data is to be read in is not NB. -

MALL Data',election control. If zero, data will be transferred from unit

NREADUo unit NLIST only for those materials whose master identifi-

cation nurmers (MATP) are listed in the forlowing material selection

list. If 1, a\ data on unit NREAD willbe transferred to unit NLIST.

MUNCH Data unit conversion control. If blank or less than 2, no unit conver-

sion will be done\ Otherwise, units will be converted to the system

rn-kg-sec-joule-'K 2), ft-lb-Whr-Btu- 0 F (3), in.-lb-sec-Btu- 0F (4),

m-ton-day-Gcal-C (i, or onverted by the factors XD, XC, XK, XT,

XTP specified on this card (6). If the data on unit NREAD are not in

the cm-g-sec-cal- 0 C'system, and conversion is required, MUNCH

must be 6, and the conversion factors must be specified.

XD Unit conversion factor for den'8ty, DENS = XD*DENS.

XC Unit conversion factor for heat c\apacity, CAPT = XC*CAPT.
7, 

XK Unit conversion factor for thermal conductivity, CONT = XK*CONT.

XT, XTP Unit'conversion factors for temperatures, T (TMELT, TVARC or

ARK) = XT*T+XTP. (Latent heat is\ onverted by HMELT =

/ XC*XT*HMELT.)

Card 2A, etc. Forma (25). Material Selection List.

(Omit if MALL is pottive.)
N

(This list must be followed by a blank card.)
MATP() Identification number of a material on the master materials data list

on unit NREAD, forWhich data are to be transferred to the secondary

materials data list on unit NLIST.

MATS(l) Identification number to be substituted for MATP(N) on the secondary

materials data list on unit NLIST'r>This is the number which will be-

come IAT if unit NLIST is later use~das the input unit for BLOCK 2

items, with the normal input option, and which is referred to by

,NODM1AT in Data BLOCK 4. If MATS(1) is blank or zero, MATP on

same card will be used.

(Etc.)
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c. BLOCK 3. Chemical Reactant Properties.

Card 1. Format (A5, 415, X, 6E10.3). Chemical Reactant Description.

AKEM Chemical reactant name.

KEM Chemical reactant identification number.

LTABQ Number of tabulated heat of reaction values, negative if vs time,

positive if vs temperature, zero if no table.

LTABZ Number of tabulated log collision frequency values, negative if vs

time, positive if vs temperature, zero if no table.

LTABE Number of tabulated activation energy values, negative if vs time,

positive if vs temperature, zero if no table.

QT Heat of reaction, if constant. Typical units: cal/g.

ZT Log collision frequency, if constant. Typical units: loge (sec )

ET Activation energy, if constant. Must be in one of the following sets

of units: cal/g mole-OC, Btu/lb mole-OF.

CORD Reaction order. CORD is set to 1.0 if not specified. Must specify 0.0

to get zero order.

Card 2A, etc. Format (8E10.3). Heat of Reaction Table.

(Omit if heat of reaction is constant.)

QT(1) Heat of reaction.

TVARQ(1) Temperature or time corresponding to QT(l).

(Etc.)

Card 3A, etc. Format (8E10.3). Log Collision Frequency Table.

(Omit if log collision frequency is constant.)

ZT(1) Log collision frequency.

TVARZ(1) Temperature or time corresponding to ZT(1).

(Etc.)

Card 4A, etc. Format (8E10.3). Activation Energy Table.

(Omit if activation energy is constant.)

ET(1) Activation energy

TVARE(1) Temperature or time corresponding to ET(1).

(Etc.)
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d. BLOCK 4. Node Descriptions.

Card 1. Format (5I5, 5X, 3E10.3).

NODE Node identification number.

NSEQ Number of additional identical nodes, or, if DRAD is preceded by a

minus sign, nodes with DRAD values incremented by the difference

between DRAD for this node and DRAD for the immediately preceding

node.

NADD Increment between successive values of NODE in the sequence of

NSEQ + 1 nodes generated when NSEQ is used.

NODMAT Identification number of the material of which the node is a part.

KS Node type indicator. Node will be a special node if KS is nonzero.

Only used when KSPEC in BLOCK 1 is negative. Not needed for zero-

volume and surface nodes.

DLONG Geometric factors whose product with SCALE3 is equal to the node
DWIDE volume, if KD is 1. For KD values of 2 or 3, the input value of DRAD
DRAD 2

is replaced with 2r DRAD, or 4 DRAD , respectively, before calcu-

lation of the volume. The program substitutes 10 24 if the calculated

volume is zero.
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- - -

e. BLOCK 5. Internal Thermal Connections.

Card 1. Format (215, 313, 1, 6E10.3).

NOD1} Identification numbers of the connected nodes.

NSEQ Number of additional identical connections, or if DRAD is preceded

by a minus sign, connections with DRAD values incremented by the

difference between DRAD for this connection and DRAD for the im-
mediately preceding connection.

NADl Increments between successive values of NODi and NOD2, respectively,
NAD2 in the sequence of NSEQ + 1 connections generated when NSEQ is used.

NZ Indicates NAD and NAD2 are each to be multiplied by 10NZ before

use in generating a sequence of connections.

DELl Lengths, when multiplied by SCALE, of the heat conduction paths

DEL2J from the nodal points in NODi and NOD2 to the connected interface.

Should not both be zero unless either HINT or RINT is specified.

DLONGt Geometric factors whose product with SCALE2 is the area of the
DRAD connected interface if KD is 1. For KD values of 2 or 3, the input

value of DRAD is replaced with 2 DRAD or 4 DRAD 2, respectively,

before calculating the area.

HINT Heat-transfer coefficient for conduction and convection across the

space between the connected surfaces, including such effects as of

surface films, a gas gap, or contact resistances (see Section II.C.lOa).

If HINT is not specified, it will be set to 1012 if RINT is not specified,

or to 10 4 if RINT is specified. Typical units: cal/sec-cm 2-C.

RINT Thermal radiation form factor for the connected surfaces of the nodes

(see Section I.C.1Oa). RNT will be set to zero if the data field

(columns 71 through 80) contains no decimal point. If RINT is negative,

the absolute value will be used as a free convection exponent

(Eq. (II. C. 10. M.
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f. BLOCK 6. External Thermal Connections.

Card 1. Format (6I5, E10.3).

NODS Surface node identification number. NODS should be either a zero-

volume node or a node with the nodal point on its external surface.

NODSB External temperature (boundary node) identification number.

NSEQ Number of additional identical connections, or, if DRAD is preceded

by a minus sign, connections with DRAD values incremented by the

difference between DRAD for the connection and DRAD for the im-

mediately preceding connection.

NADS Increments between successive values of NODS and NODSB respectively,

NADSBJ in the sequence of NSEQ + 1 connections generated when NSEQ is used.

LTABH Number of tabulated convection coefficient values, negative if vs time,

positive if vs temperature, zero if no table.

DLONG) Geometric factors whose product with SCALE2 is the area of the
DRAD external surface of NODS if KD is 1. For KD values of 2 or 3, the

2
input value of DRAD is replaced by 2 DRAD or 4 DRAD, respec-

tively, before calculating the area.

HSURE Convection coefficient, if constant (see Section II.C.llb). HSURE is

set to HONE (BLOCK 1) if not specified. Typical units: cal/sec-cm 2-C.

RSURE Thermal radiation form factor (see Section II.C.llb). RSURE is set

to RONE (BLOCK 1) if not specified.

POWER Free-convection exponent (see Section I.C.llb). POWER is set to

PONE (BLOCK 1) if not specified, or if the data field (columns 71

through 80) contains no decimal point.

Card 2A, etc. Format (8E10.3). Convection Coefficient Table.

(Omit if convection coefficient is constant.)

HSURT(1) Convection coefficient.

TVARH(l) Temperature or time corresponding to HSURT(1).

(Etc.)
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g. BLOCK 7. External Temperature (Boundary Nodes).

Card 1. Format (2I5, 10X. 6E10.3).

NODB

LTABT

TEMPB(l)

TIMEB(l)

TEMPB(2)

TIMEB(2)

(Etc.)

External temperature (boundary node) identification number.

Number of tabulated external temperature values. To obtain sinu-

soidal variation of external temperature with time, LTABT must be

100 (see Section I.C.lla). Zero if no table.

External temperature. (Average value of sinusoidal variation, if

LTABT is 100.)

Time corresponding to TEMPB(1). (Period of sinusoidal variation,

if LTABT is 100.)

External temperature. (Amplitude of sinusoidal variation, if LTABT

is 100.)

Time corresponding to TEMPB(2). (Phase advance time of sinusoidal

variation, if LTABT is 100.)

[ Up to 3 pairs of values on this card, and 4 pairs on each additional

card required, if LTABT is not zero. Use format (8E10.3) for addi-

tional cards.]
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h. BLOCK 8. Variable Heat-Generation Rates.

Card 1. Format (4I5, 6E10.3).

NODG Identification number of node.

NSEQ Number of additional nodes with identical variation of volumetric

heat-generation rate as NODG.

NADG Increment between successive values of NODG in the sequence of

NSEQ + 1 nodes generated when NSEQ is used.

LTABG Number of tabulated values of heat-generation rate, negative if vs

time, positive if vs temperature. To obtain exponential decay of

heat-generation rate with time, LTABG must be between -1 and 1,

or unspecified, and GT(1) and TVARG(1) specified.

GT(1) Volumetric heat-generation rate at TVARG(1), or at zero time

(SUMTIM = 0), if exponential decay is specified. Typical units:
3cal/sec-cm . See AA and BB, BLOCK 9, for an additional method

to produce an initial pulse of heat at the beginning of a problem.

TVARG(1) Temperature or time corresponding to GT(1), or half-life of exponen-

tial decay, if the latter is specified.

(Etc.) (Up to 3 pairs of values on this card, and 4 pairs on each additional

card required. Use format (8E10.3) for additional cards.]
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i. BLOCK 9. Initial Conditions and Constant Heat Generation Rates.

Card 1. Format (3I5, 5X, 4E10.3).

NOTE Node identification number.

NSEQ Number of additional nodes with identical initial conditions.

NADD Increment between successive node numbers in sequence of NSEQ + 1

nodes generated when NSEQ is used.

TT Initial temperature. TT is set to TONE (BLOCK 1) if not specified.

AA Initial weight fraction of first chemical reactant. AA is set to ALONE

(BLOCK 1) if not specified. AA may be used to specify the initial con-

centration of low-temperature phase in nodes of materials with speci-

fied values of TMELT and HMELT, if columns 67 through 71 of the

Problem Name Card are "A=BL9." Otherwise, the concentration will

be 1.0 for initial temperature at or below TMELT and 0.0 for initial

temperature above TMELT. If a negative value of AA, or of BB below,

is specified, and the node contains the corresponding reactant, the

concentration will be set to zero during the first time step, and the

heat of reaction will be converted to sensible heat. No further reaction

will then take place. The resulting temperature change will be ac-

curate only if the change in specific heat of the material is small over

the temperature interval involved. The temperature will increase if

the heat of reaction is negative, and decrease if the heat of reaction is

positive.

BB Initial weight fraction of second chemical reactant. BB is set to BONE

(BLOCK ) if not specified. BB may be negative (see AA above).

GG Heat-generation rate. GG is set to GONE (BLOCK 1) if not specified.

Has no effect if GT vs TVARG is specified for this node in BLOCK 8.

Typical units: cal/sec-cm3.
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j. BLOCK 10. Mass-Flow Connections.

Card 1. Format (615, 3E10.3).

NODF1 Identification number of the source node.

NODF2 Identification number of the sink node. May not be a zero-volume

node.

NSEQ Number of additional identical mass-flow connections.

NADF1l Increments between successive values of NODF1 and NODF2, respec-

NADF2 tively, in the sequence of NSEQ + 1 mass-flow connections generated

when NSEQ is used.

LTABFL Number of tabulated values of mass-flow rate, negative if vs time,

positive if vs temperature, zero if no table.

FLOWN Mass-flow rate, if constant. Typical units: gsec.

DELF1i, Lengths of mass flow paths from nodal points of NODF1 and NODF2,
DELF2 respectively, to the connected surfaces. DELF2 may not be zero.

Card 2A, etc. Format (8E10.3). Mass-Flow Rate Table.

(Omit if mass-flow rate is constant.)

FLOWT(1) Mass-flow rate.

TVARFL(1) Temperature or time corresponding to FLOWT.

(Etc.)

-57-



k. BLOCK 11. Graphical Output Controls and Nodes.

Card 1. Format (45, 6E10.3). Controls.

JPIC

LOGR
LOGTEM
LOGTIM

FRAD1
FRAD2
FTEMP1
FTEMP2
FTIME1
FTIME2

Number of time steps between generation of data for graphical output,

in addition to output generation for first, second, and last time steps,

and output controlled by TIMEP. Precede with minus sign to obtain

temperature vs node location graphs, in addition to temperature vs

time graphs. No graphical output will be obtained if JPIC is unspeci-

fied or zero and no values of NODEP are specified (see Section

II.d. 1 7b).
Maximum number of logarithmic cycles on node location, temperature,

and time scales, respectively, of graphs. If unspecified or zero,

linear scales will be used. If preceded with minus sign, graphs with

both linear and log scales will be obtained. To obtain interpolation

between points on temperature vs node location plots (in order nodes

are described in BLOCK 4). add 100 to LOGR. To obtain tic marks

on axes, rather than grid lines, add 100 to LOGTEM. To obtain a

node location vs time graph for 20 to 40 isotherms, add 100 to

LOGTIM. To replace node location scale with node location divided

by 2.P*SUMTIM**0.5, add 1000 to LOGR.

Constants used to convert node locations, temperatures and times,

respectively, from problem values to scale values on graphs, by use

of the linear transformation x' = f + f2 x. FRAD2, FTEMP2 and

FTIME2 will each be set to 1.0 if unspecified or zero.

Card 2. Format (16I5). Nodes for Graphical Output.

NODEP(1)

Etc.

Identification number of node for which temperature vs time graph,

and node location vs time graph (see LOGTIM), will be obtained. All

nodes will be plotted on temperature vs node location graph (see JPIC).

(Up to maximum number of CRT plot nodes allowed.)
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1. BLOCK 12. Nodes with Properties Dependent on Remote Temperatures.

Card 1. Format (715).

NODP1 Identification numbers of the node to which the property applies and

NODP2 the node on whose temperature the property depends, respectively.

I.e. P(NODPl) = P[T(NODP2)1.

NPROP Property indicator, 1 for heat capacity. 2 for thermal conductivity,

3 for heat of reaction, 4 for log collision frequency, 5 for activation

energy, 6 for variable heat-generation rate, 7 for mass-flow rate,

and 8 for surface convection coefficient.

NSEQ Number of additional nodes with properties dependent on remote tem-

peratures, with node and property numbers determined by NADPI,

NADP2, and NADPR.

NADP1 Increments between successive values of NODP1, NODP2, and NPROP,

NADPR respectively, in the sequence of NSEQ + 1 nodes with properties de-
pendent on remote temperatures, generated when NSEQ is used.
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E. USE OF COMPUTERS

1. General

To use TRUMP at LLL, the user must have an assigned box number for card and

printout retrieval, assigned tape vault slots for tape storage, and one or more account

numbers to be charged with the use of computer time. These arrangements are made

at LLL through department computation coordinators. The computation department

number code assigned to TRUMP is 367.

A number of procedures are available for submission of card decks for running

under various LLL computer systems, and the department computation coordinator

should be consulted to determine the best procedure for the particular needs of the user.

TRUMP requires a minimum of system control cards, but several options are

available for use of system control cards and special TRUMP control cards for added

convenience and flexibility of operation. These include interruption and restart capa-

bilities, optional use of various combinations and sequences of input and output units,

and handling of disk files under the OCTOPUS/6600 system. The various TRUMP con-

trol cards discussed below are also summarized in Section IV.G.2.

2. Choice of Version and Form of TRUMP Program

The master FORTRAN listing of the TRUMP program is available on computer

cards and on magnetic tape. All versions are compiled from the master listing by

making temporary changes in PARAMETER statements in the main program, to choose

the sets of array sizes and various options desired. Separate main program decks are

kept for the most widely used versions for each LLL computer system. The parameter

specifications and options included in the most widely used versions are described in

Section IV. Binary object decks for these versions are also available. Users at LLL

may use restart tapes produced by the OFFMON routine, by means of the Monitor con-

trol card "* LOAD (1, 5, ONMONS)" or 11* LOAD (1, 5, ONMON)." The ONMONS routine

is used to load the master restart tape, which is then unloaded. When the problem is

interrupted by sense switch 1, or an "*OFFMON" TRUMP control card is read in, a

new restart tape is made on the user's own tape. The ONMON routine may then be

used to load the user's own tape in later runs. The required Monitor control cards and

operator instruction cards are described in various Monitor manuals and the Livermore

Time Sharing System manual.17 At present, the TRUMP/6600/STD restart tapes are

CE408andCE409, and the TRUMP/6600/DS restart tapes are CE411 and CE412. These

tapes are always loaded on unit 5A.

3. Interruption and Restart Procedures

TRUMP problems may be restarted after ending normally, or after being inter-

rupted by Sense Switch , if the input value of NPUNCH is I (data BLOCK 1, Card 1).

The final values of temperature, concentrations, and constant heat-generation rate for

each node will be punchedindataBLOCK 9format, preceded by cards containing the
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user's I. D., the problem name (NAME), the clock time and date for the problem, and

the problem time (SUMTIM) when the interruption occurred. The new BLOCK 9 can be

placed in the original data deck, TAU in BLOCK 1 given the value of SUMTIM corre-

sponding to the new BLOCK 9, any other desired changes made, and the data deck sub-

mitted for another run.

Under the Monitor system, a restart tape will be made by the OFFMON routine

whenever the operator turns on Sense Switch 1, or the program reads in an "*'OFFMON"

(columns 1 through 7) card while searching for the next Problem Name card in the data

deck. A *T VAULT = 5A = VAULT" Monitor control card must precede the program

deck, or a "*MOUNTP5=VAULT" TRUMP control card must precede the "*OFFMON"

card, where "VAULT" is a tape-vault number assigned to the user. The restart tape

contains not only the TRUMP program, but also all library routines used by the program

and all data stored in core memory at the time OFFMON is called. The restart tape

can be used until such time that the resident system routines are changed.

When restarting from a tape made by OFFMON (because of a problem interruption)

the user has the option of either continuing the interrupted problem until it ends nor-

mally, or ending the problem on the next time step. This may be done by preceding

all data decks and other control cards submitted with the new job with a "*DISCONTINUE"

card (columns 1 through 12). Type 2, 3, or 4 continuation problems may be submitted,

using data from the previous problem saved on the restart tape.

If desired, the user can cause all data decks following an interrupted problem to

be saved on a tape, which can be used later as an input tape, as described below, so

that the data decks need not be resubmitted. This will be done if a "*DECKSNN" TRUMP

control card (columns 1 through 8, where NN is a two-digit tape unit number, e.g., 7)

has been previously read in. A "*T" card must be included in the Monitor control

cards, or a "*MOUNT" TRUMP control card included in the input deck to specify the

tape unit and tape-vault number of the tape to be used (see Section II.E.4b below).

An option is available for Sense Switch 1 to either interrupt a problem, or cause

it to be ended, before OFFMON is called (see Section II.D.2e).

4. Control of Input and Output Unit Assignments

a. Normal I/O Assignments

The normal input units used by TRUMP are tape 2 for the Batch Monitor system,?j

and a disk file for the OCTOPUS controllee version. The normal output units are logi-

cal unit 3 for numerical output to be printed on the radiation printer, logical unit 100

for graphical output to be plotted on the dd8O plotter, and logical unit 14 for punched

output to be punched on the IBM-1401. Output resulting from PRINT statements goes

to the on-line printer under Batch Monitor systems. and to the user's teletype when

using the OCTOPUS controllee version. n the OCTOPUS system. these four types

of output initially go to disk files assigned by the system, and are transferred tzo the
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appropriate output unit at the end of the job. In addition, the restart type produced by

the OFFMON routine and reloaded into core by the ONMON or ONMONS is always

assigned to logical I/O unit 5.

The normal input and output units will always be used when a TRUMP run is

started from a source or object program deck, or when restarted with ONMON or

ONMONS from a tape made by the OFFMON routine, if the first data card is

" *DISCONTINUE."

For convenience and flexibility of operation, TRUMP users may change input and

output unit assignments as desired among the available input and output devices on the

various machines, including the OCTOPUS disk files. In addition to the Monitor *To

and "*ASSIGN" control cards that can be used with Batch Monitor systems, as described

in various user's manuals, there are a number of TRUMP control cards that may be

placed before and after any data deck in the input deck.

b. Changes in System 1/0 Assignments

If a special tape is to be used as an input or output tape, the operator or system

must be informed by either a "*T" Monitor Control card or the TRUMP control card

"*MOUNTNN=VAULT." This is punched in columns 1 through 14, where NN is a logical

1.0 unit number, and VAULT is a tape-vault slot number. This TRUMP control card

nay be used with the OCTOPUS controllee version, and may be used more than once

with any version, to assign tapes to several /O units or to assign several tapes sequen-

tially to the same unit.

When a special tape is no longer needed for a job, the TRUMP control card
t*FINISNN=VAULT" should be used. This is punched in columns 1 through 14, where

NN is a logical I/O unit number. This card must always precede a "*MOUNT" card

assigning a new tape to a previously used logical I/O unit number.

Assignment of logical I/O units to tapes, disk files, and other hardware types

mnay also be made with the TRUMP control card:

" *ASSIGNK, NN, MM, HHHHHHHHHH, LLLLLL"

punched in columns through 32, where K is 2, 3, or 4, specifying the number of the

following arguments to be used in a "CALL ASSIGN" statement, NN is a logical I/O

-imit number, MM specifies a hardware type, HHHHHHHHHH is a right-adjusted tape-

vault slot number or disk-file name, and LLLLLL is a right-adjusted integer specifying

a disk-file length, or a nonpositive number indicating a special operation on a disk file.

This allows the user control of input, HSP, PRINT, PUNCH, and CRT files, which may

be reassigned as desired within the restrictions and limitation of the system, as

described in Monitor and OCTOPUS manuals.
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In the OCTOPUS controllee version of TRUMP, logical I/O unit 2 is assigned to a

disk file whose name is specified in the teletype "XEQ" line: "TRUMP FILENAME/TV,"

where FILENAME is the name chosen by the user to identify the input data file.

All special system assignments must be remade when restarting with ONMON or

ONMONS.

c. Changes in Program I/O Assignments

The logical input unit specified in "READ INPUT TAPE" statements may be

changed by use of the TRUMP control card "*INPUTNR." This is punched in columns
1 through 8, where NR is the desired input unit number. If NR is not 2, it must have
been previously given a system assignment with a "*T." "*MOUNTNR=VAULT," or

"*ASSIGN" control card. The latter must be used if the data are in a disk file. The new

input unit specification will remain in effect until another "*INPUT" card is read in or,
when restarting with ONMON or ONMONS, the first card read in (which is always from

unit 2) is "*DISCONTINUE." In the latter case, 2 continues to be the input unit. Input

tapes made as a result of use of a "*DECKS" TRUMP control card, as described in

Section II.E.3 above, always end with a "*INPUTP2" card, so that additional control

cards or data decks will be read from unit 2. Special input tapes made by the user

should also end with a "*INPUTP2" card, for the same reason. When an input tape is

no longer needed, a *FINISNR=VAULT" control card should be read in.

ogiewcal input unit from which block items are red n may be c hanged from 

the normal unit or the unit NR specified in the last *INPUTNN" control card, by
punching" 'INPUTNBN lumns 9 through 16 of the Block Number card, where NE i

is the desired logical input unumber. Block items include alle read in
following a Block Number card and p eding th n o mber card or Data

End card, including the blank card re th d of all blocks except 1 and 11.

More than one set of block)±ems may be read in the same input unit NB, the only
requirement beig-yt they are arranged in the same he corresponding Block

Numbe s on unit NR. Special block item tapes must have b reviously given

system assignments with a "*T" card, "*MOUNTNB=VAULT" card, o N" card.

The latter must be used- if the data are in a disk fue. 
The special block-item input-unit option is particularly useful for reading in a

standard list of material properties for BLOCK 2 (a list of data block items to be used

in a large number of separate problems, or lists of data block items produced for

TRUMP by other computer programs).
__
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F. EVALUATION OF CALCULATION RESULTS

1. Diagnosis of Input Errors

All input values, values substituted by the program for blank data fields, and

values of a number of derived quantities, such as node volumes, connection areas, and
material summary data, are written out at the beginning of each problem. These should

be carefully checked against the intended calculational model.

If the problem ended or dumped before all the input data were read in, the cause

may have been a missing Problem Name card, a missing Block Number card, a missing

blank card at the end of a data block, a missing Data End card, an incorrect table

length, an illegal character punched, data punched in the wrong columns, a card out of

place, or a floating point exponent which is too large. These errors usually cause an

illegal character, indefinite operator, overflow, or insufficient-data diagnostic.

If all the input data were read in but the problem ended before the first time step,

the value of KWIT on the printout may be 5, 6, 9, 11, or 12 and indicates the type of

error which occurred, as listed in Table 3. Diagnostic statements are written out for

each occurrence of most input errors detected by the program, and the value of KWIT

may indicate only the last type of error detected.

If the problem ends after the first time step, KWIT may be 1, 2, 3, 4, 6, 7, 8 or 10,

because of one of the causes listed in Table 3 or because of an incorrect floating-point
exponent in the input data, resulting in an overflow or indefinite-operator error, causing

a system dump. The input values of TIMAX, TMIN, TMAX, MCYC and MSEC must be

carefully considered to allow the problem to run long enough to obtain the desired results.

2. Analysis of Calculation Results

All numerical and graphical output data obtained for each problem should be care-

fully checked for accuracy, consistency, and credibility. Accuracy of the heat balance

can be checked for the system, each material, each node, each boundary node, each

internal connection, and each external connection. Spatial and time accuracy can be

determined to some degree by the smoothness of plots of temperature vs position and

time. Consistency and credibility can be determined by comparing the results with

those obtained for similar systems or with those expected on the basis of experience,

sound judgment, and familiarity with the physical laws governing the system.
Errors in the heat balance can result from use of too large a value of TVARY,

relative to the maximum total temperature change in the system (see Section II.C. 16);
use of zoning that is too fine, which results in time constants (SLIM) that are very small,

relative to the time steps used in the calculation, and usually results in slowness or

failure of the iteration procedure; and use of heat capacities that are strongly temper-

ature dependent, combined with time steps too large to allow the heat-capacity curves
to be closely followed.

Physically unrealistic solutions can also result from evaluation of temperature-

dependent quantities at temperatures outside the range given in input tables. This can
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Table 3. Values of the problem-end sentinel KWIT.

KWIT Cause of problem ending

1a The problem time, SUMTIM, reached TIMAX.

2a A temperature exceeded TMAX+0.001*TVARY.

3a A temperature was less than TMlN-P.P0l*TVARY.

4a Steady-state criteria were satisfied.

5b An unspecified material, reactant, node, or boundary node was referred to.

6c C Sense Switch 1 was turned on when a "-2" was punched in columns 6 through 7
of the Data End card, a "CHECK" card preceded the Problem Name card,
or, when an interrupted problem was restarted, a "*DISCONTINUE" card
followed the "*LOAD" Monitor control card.

7a The number of time steps reached MCYC.

8 The number of seconds of machine time used since reading in the Problem
Name card reached MSEC.

9 b No material list (BLOCK 2) or node list (BLOCK 4) was included in the input

data or carried over from the preceding problem.

lob The iterative scheme for temperature changes in connected special nodes
failed to converge in 80 iterations by use of a time step equal to or less
than 2 * SMALL.

11d The number of items in a data block exceeded the maximum size.

12d The length of a table for a time- or temperature-dependent input quantity
exceeded the maximum size.

aLimits specified in data BLOCK 1, see Section II.C. 14.

bDiagnostic statements are written out for each occurrence.

CSee Section II.E.3.

dSee Table 2.

be avoided by use of a temperature range in the table that includes all possible calcu-

lated temperatures, or by beginning and ending the table with zero slopes. The program
substitutes 10 24 for zero or negative values of thermal conductivity, and 10 36 for

zero or negative values of total node heat capacity, but surface heat-transfer coefficients

and other tabulated quantities may be negative.

3. Requirements for Additional Calculations

Additional calculations may be required to correct errors by (1) improving

accuracy by using a more finely subdivided system, (2) employing different methods of

controlling the calculations, (3) determining the effects of uncertainties in input values

by trying a range of values, or (4) determining the effects of simplifications in the

model by trying other models. When a large number of similar calculations are to be

made for the same or similar systems, careful choice of calculational controls and

degree of subdivision into nodes will result in the minimum use of machine time for
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the required accuracy. Also, improvements such as in optimum organization of input

data and use of tapes may greatly reduce the effort required for additional calculations.

4. Generalization of Results

Many problems can be generalized by expressing the results in dimensionless or

normalized form, so as to be applicable to problems other than the specific problem

calculated or to simplify comparison with the results of other similar calculations.

Input data may be specified in dimensionless or normalized form (or optional linear

transformations applied to plotted variables) to produce graphs in dimensionless or

normalized form.

The parameters temperature or temperature difference T, position x, time t,

density p, specific heat c, thermal conductivity k, a basic dimension L, a basic temper-

ature or temperature difference Too volumetric heat-generation rate G, surface heat

flux per unit area F, mass-flow rate M, heat-transfer coefficient h, and total quantity

of heat W may be combined into the following dimensionless ratios, and into any com-

binations of them:

T/To, x/L, kt/pcL2 , Gt/pcTO, FL/kTO, Mc/kL, hL/k, and W/pcL3 T .

Graphs are usually made by using two of the first four groups, or combinations thereof

with other groups, as ordinate and abcissa. By selecting suitable groups, and scales,

useful analytic approximations can often be found for large, small, or intermediate

ranges of values of the groups.
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G. SAMPLE PROBLEMS

(Warning: Recent versions produce results differing in last significant digits!)

1. Heat Regenerator

A heat regenerator consists of a rectangular fluid duct and a rectangular solid,

each 21 cm long, with a cross section of 0.2 cm X 1.0 cm connected on the 1.0 cm side

and insulated on the other three sides. At time zero the system is at 0C, and fluid

begins flowing at 0.4 g/sec or 2.0 cm/sec entering at Z = 0 at 1000C. Densities of the

fluid and solid are 1.0 and 10.0 g/cm , and specific heats are 1.0 and 0.05 cal/g-°C,

respectively.

It is assumed that no heat conduction takes place in the Z direction, that the

temperature is uniform in each material in any x-y plane, and that the overall heat-

transfer coefficient between the fluid and solid is 0.02 cal/sec-cm 2-C.

The analytical solution for this problem is discussed in Carslaw and Jaeger.4

The temperature in the solid at the fluid inlet, Z = 0, is

Ts (ot) = 100 [1 - exp(-0.2t)], (II.G.1.1)

and the fluid temperature on the upstream side of the moving interface between hot and

cold fluid is

(Tf)t=Z/2 = 100 exp(-Z1/20). (II.G.1.2)

The initial rate of temperature rise in the solid is

at t =Z/2= 20 eZ/20. (II.G.1.3)
\/t Z1 2

Temperature profiles in the fluid and solid are calculated for the first 20.0 sec

of flow.

The input data for this problem are shown in Fig. 2. The fluid nodes for the

TRUMP calculation consist of a thin (10 cm) fluid-inlet node, No. 2, at Z = 0, and

21 fluid nodes, each 1 cm in length, Nos. 6, 16, ... , 196, 206 in the direction of flow,

and a zero-volume node, No. 199, between Nos. 196 and 206. The solid nodes consist

of a thin (10 4 cm) solid node, No. 1, at Z = 0, and 21 solid nodes, each 1 cm in

length, Nos. 5, 15,... 195, 205 in the direction of flow, and a zero-volume node,

No. 200, between Nos. 195 and 205. Node 2 is used to maintain the inlet fluid temper-

ature, and node 1 is used to obtain a temperature to compare with Eq. (II.G.1.1). Nodes

199 and 200 are used to obtain temperatures at Z = 20.0 to compare with Eqs. (II.G.1.2)

and (.G.1.3).
A boundary node, No. 1001, with a temperature of 1000C is connected to node 2

with an area of 0.2 X 1.0 cm and a heat-transfer coefficient of 103 cal/sec-cm-'C.
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* HEAT
NOT E .
BLOCK 1

150

RECENERATOR. SAMPLE PROBLEM FOR TRUHP REPORT. 2/27/68.
THIS PROULCM DOES N USE GEN OR CHtM SUBROUTINES.
PRI)BLEM LIMITS AND CONTROLS.

a.*

6 1
1. 0 20.

0.4
BLOCKll CRT PLOT CONTROLS, SCALE COEFFICIENTS, AND TIME PLOT NODES.

5 100
1 6 45 46 95 96 145 146 199 200

BLOCK 2 MATERIAL NAMES. NUMBERS, AND THERMAL PROPERTIES.
FLUID I 1.0 1.0 0.0
SOLID 2 10.0 0.05 0.0

NOTE NODE NUMBERS CORRESPOND APPROX TO AXIAL POSITION IN MM.
BLOCK 4 NODES.

2
6

199
1
5

200

1
20 10 I

1
2

20 10 2
2

1.0
1.0

1.0
1.0

E-4 1.0
1.0

0.2
0.2

E-4 1.0
1.0

0.2
0.2

coA
NOTEA
NOT E 
BLOCK S

2
6

199
199
200
200

NODE 199
NODE 200

; INTERNAL
I
5 20 10 1

196
206
195
205

CONNECTED TO 196 AND 206 r3 GET TEMP AT = 23.3.
CONNECTED TO 195 AND 205 T3 GET TEMP At Z -s 20.0.
CONNECTION NODE NUMBERS, AEAS, AND INTERFACE CONDUCTANCES.

1.0 E-4 1.0 0.02
1) 1.0 1.0 0.02

1.0 1.0 0.65 E-8
1.0 1.0 0.35 E-8
1.0 1.0 0.65 E-8
1.0 1.0 0.35 E-8

BLOCK 6 EXTERNAL CONNECTION NODE NUMBERS, bREAS. AND SURFACE CONDUCTANCES.
2 1001 1.0 0.2 1.0 E3

BLOCK 7 BOUNDARY NODE TEMPERATURES.
1001 100.0

NOTE. NODAL POINT OF NODE 2 IS AT Z = 0.
NOTEj OTHER NODAL POINTS OFFSET DOWNSTREAM FOR ADDED MASS FLOW STABILITY.
BLOCK10 MASS FLOW CONNECTION NODE NUMBERS, FLOW RATES, PATH LENGrHS.

2 6 1.0 E-4 0.65
6 16 19 10 10 0.35 0.65

ENCE-1 END OF DATA DECK .
COL 10 15 20 25

SSI WILL INTERRUPT PROBLEM.
30 35 40 45 50 55 50 65 73 75 80

Fig. 2. Input data for heat-regenerator problem.



These data are specified in BLOCKs 6 and 7. Node 2 is connected to node 1 with an

area of 10 4 cm X 1.0 cm, and with the pairs Nos. 5 and 6 through Nos. 195 and 196 by

areas of 1.0 cm X 1.0 cm, all with the heat-transfer coefficient 0.2 cal/sec-cm -C.

Nodes 199 and 200 are each connected to trvo nt--,2r nodes so as to obtain linearly interpo-

lated temperatures at Z = 20.0.

The mass-flow connections are between nodes 2 and 6 and the pairs Nos. 6 and 16

through Nos. 196 and 206, with the nodal points in nodes 6 through 206 assumed to be

0.65 cm from their upstream interfaces. This assumption results in a smoother tem-

perature profile, and smoother time variation of the node temperatures, than would

result with the nodal points at the node centers. The flow rate is specified in BLOCK 1

by making FONE 0.4. The connections are described in BLOCK 10.

The duration of the calculation is fixed by making TIMAX 20.0. Accuracy is con-

trolled by making TVARY 1.0. Numerical and graphical output intervals are controlled

by making IPRINT 150 and JPIC 5.

Nodes 1, 6, 45, 46, 95, 96, 145, 146, 199, and 200 are specified for the temera-

ture vs time plot. In BLOCK 1, the symmetry indicator KD and the temperature indicator

KT are not specified, which is equivalent to making both of them 1. NUM is made 6 to

obtain printouts of the temperature of node 6 at every time step. NPUNCH is made 1 to
get a BLOCK 9 punched-card deck of final temperatures when the problem is interrupted

or ended.

Some of the output data for the problem are shown in Fig. 3 for the data-input

phase, the first time step, and the last time step.

The temperature vs time curves resulting from the calculation are shown in Fig. 4,

along with analytic solutions for fixed positions in the fluid and the solid, and the up-

stream side of the moving interface between hot and cold fluid. The time at which fluid

node temperatures reach 50% of the correct interface temperature corresponds very

closely to the time of arrival of the interface. The fluid node temperatures overshoot

by about 4%, oscillate about 1 below the correct values, then approach the exact solu-

tion very closely. The solid node temperature at Z = 0 is exact, and, at other axial

positions, the temperatures begin rising too soon but become asymptotic to the exact
solutions by the time the liquid front has moved one node thickness past the point in the

solid.

Much better accuracy, with little or no oscillation of the fluid temperatures, would

result from using about 100 nodes in both the fluid and the solid, with the nodal points

located even closer to the downstream interfaces.

A total of 461 time steps is required to reach a problem time of 20.0 sec, using
an average time step of 0.043 sec. Only the thin surface nodes are reclassified as

special nodes during the calculation, as other fluid and solid nodes have stability limits

of 0.476 sec and 5.0 sec, respectively. Machine time averages 0.8 msec per time step

per calculational item (see Section IV.F) on the CDC/3600, for a total of 54 sec.
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T PUMP FPUJT CATA PROGRAM DA TE I15.774 N04/05 DA A LK I

* HEAT REGENERATOR. SAMPLE PROBLEM FOR TRUMP REPORT. 2/Z7/68. ** 20.141 N.i4/1C

NC CATA CARRYOVER FROM PRECEDING PROBLEM.

THIS PROBLEM DOES NOT LSE GEh CR CHEM SUBRCUTINES.
DATA ELCCK 1 PROBLEM LIMI TS AND CONTROLS.

IFRINT NUM KATA KSPEC HCYf MSEC NPLNC NT IRIrE ITAPE TIPEP SCALE
150 6 0 0 0 0 l O O 3 L. .0O0ootoD

KC KT DELTO SMALL TVARY IAU TIMAX TMIN TMAX
1 1 1.OOOOOE+12 1.OOOOOE-12 1.OOOOOE+OO 0. 2.3030O0E+31 -1.0033)E+12 1.O3O)J)E+12

KC KSYP GEUM SIGMA TBASE
I I 1.OOOOOE+00 1.35500E-12 2.73150E+02 _-

0

TON E ALONE BONE GONE FONE HONE RONE PONE
0 0. 0. 3. 4.00')E-01 G. 3.

PATA eLCCK 11 CRT PLOT CONTROLS, SCALE COEFFICIENTS, AND TIME PLOT NODES.

JPIC LOGR LOGTEM LOGTIM FRADI FRAI)2 -TEMP1 F[EMP2 FlIMEl FTIML2
5 0 0 a a. I.OCO(E+00 0. l.OJOOE+0) 0. 1.GO'Ma *t

NCOES FCR TEMPERATURE VS TIME CRT PLOTS. MAX = 12
INCEX 1 2 ' 4 5 e 7 8 S 10 11 12 13 14 15 16

NUCE 1 6 45 46 95 96 145 146 199 20)

DATA LCCK 2 MATERIAL NAMES, NUMBERS, AND THERMAL PROPERTIES.

Fig. 3. Heat regenerator. Sample problem for TRUMP report.



NAME POATL INDEX KA KB LTABC LABK DENSI TY CAPA&CITY CONDUJCTIVITY IMLLT H-MEL 
FLUIC 1 1I C 0 0 C I.00t. c1c+I .G'2LE+00 ~ . :.
SELIC 2 2 C C) 0 0 I.0000E-Ci1 1. C34E-02 ZL. .)

NnOE NuLitRS
NODLS.

CORRLSPOND) APPROX T AXIAL POSIT ION IN MM.
QATA PLC7CK 4

-'

NCDL
2
6

26
36
46
56
66
76
86
96
10ot
116
126
136
146
156
166
176
186
196
206
199
1
5

1 5
2 5
3 5
4 5
5 5
65
75
8 5

I NCLX
I
2
3
4
5
6
7
8
9
t0
11I
1 2
1 3
1 4
1 5
1 6
1 7
1 8
19
20
2 1
2 2
2 3
24
25
26
2 7
28
29
30
3 1
32
3 3

MAIL N TYP L
I 
1 C
1 0
1 0
1 0
1 U)

I a
1 0
1 C
I C
I C
1 0
1 0
1 C
1 0
1 0
1 C
I C
I 0
1 C
I 0
1 C
1 2
2 C

2 0

2 0
2 0
2 C
2 C
2 C
2 0i
2 C

Fig. 3.

DL1 ON .
I1.060OOU-04
1 .OCOOOE +0
I .OOOOCE+0cc
1 .00000E+00
1 .0000CCL+CO
1l.0000OE .CZ
I.00UOOE+03
I .00000E+co
1 .OGOCGE tCj
I .OCCCCE .cr.
I .000C01L +c 0

1 .OOOOOE+3)
1 *OCOCOF+'CC
1 .0O00OE+09
1 .0U00CE+0J~
1.000OUuF 00
I .OO00 CE +C'
I .flU0LOUU+ oo
I .00004)E + 0o
1.0CO~OE*CC

1 .00000E4'!
0.
1 .OOOOOE-C4
1.O)C0C0E #CC
1 .00300E +Co
1 .000')0L+Co)
I .OCn0OEeC0
1 .0COOJCE+CC
I .OOOOCE+CC
I .ocOOCE+Oo
I .OCOC'CE +00
1 .OC0OOE CC

1. * OOO0E+00
1I.COOOCE+OC.
I * OOOCE+00
I * OO0OE+0'3
1.*000C0CE+00
I. C000CE +03
I * 000 oOE+ 0&
1 * 00000L+00

1 *C000CE+0C0
1. 000(i0E+0C'

I .COC'0OE+03

1. 00000E+00~
I. COGOOE+ 00

I *0000 CLI+0 C
I * 0000CL + OC,

1. COOOCE.O~.

1. COCiCE+00

1.00~J0CE+00

1.0000,E'-0O
1. COOOCE +00
t.*00000E +00

I. COOOCE*00

L.*COOOCE+00

l.C0OOCL:.30

DRAL)
2.0OD0I-01
2.0000JE-01
2.OOOOC L-01I
2 .OOOGOE-01
2.OOCOOE-01
2.00O0vE-.il
2.*000 C'7 -01
2.060OE-D
2. 000COE-0 1
2.OO0C'.L -ul1
2 * 0000,)1- ~ I
2 .000WE-01
2.000001-01
2.0U030E-01
2 .0000'1E-Q1
2. 0 Of!5E -J 1
2.000(j.)E-ul
2.000OCE-0l
2.00000E-01
2.* 00000-01
2 .Ou 0 ij 9E -0I
2 .00039E-01
0.
2.OOOOUE-01
Z.OOOOOE-01
2.*00060OE -01
2.003C.K3E-01
2 .000O3E-01
2.0000uE-01
2.00600k-0l
2.OCOOOE-31
2.OOOOOE-01
2.OUOOGjE-01

VOLUJML
2.)003E-)-r
2.0tb)0fE-i) 1
2 .COOOOE-U I

2.C30030E-)l1

2. )600C E -) I
2.j,.,,jC)E-) I

2 . Z'O'C .E -) I

2.)C#OOCE- I
2.0)C)i.E-)l
2 . 00C)iE-D I

2.JUGOUOC.E- I

2.9OCY)E-) 1
2.(,O0OOE-) 
2.U000C-01
1.)0CDfl0E-24I
2..00030E-) i

2.3('OOOE-j I
2.3000CE-0 I
1 .30000E-24I
2.30000L-.)1

2.330030E-) I
2-.300D00E-) I

2.3000DE-31I
2.D0000PE-3 

Heat regenerator. Sample problem for TRUMP report (continued).



95 34 2 0 1.00000[4CO 1.00000E+00 2.DOOOOL-01 2.OOOOE-31
OS 35 2 0 1.00000Lt0O 1.OOOOOL+O0 2.OOOOOE-01 2.OOOOE-31
115 36 2 0 1.OOOOOL+OO 1.OOOOOEOO 2.OOOOOE-01 2.00000E-O1
125 37 2 0 l.OOOOOE*CG l.OOOOCE+O0 2.00000E-01 2.00000E-01
135 38 2 C l.OOOOOE+00 1.OOOOOE+00 2.OOOOOE-01 2.300OOE-3L
145 39 2 0 l.OOOOOE+0O 1.OOOOOE+OO 2.00000E-01 2.00000E-31
155 40 2 0 1.00000E+00 1.OOOOOE+00 2.00000E-01 2.OOOOOE-01
165 41 2 0 1.OOOOE+CO 1.OOOOE+OO 2.OOOOOE-01 2.OOOOOE-O1
175 42 2 C 1.OOOOOE+03 1.OOOOOE+00 2.OOOOOE-01 2*00030E-01
185 43 2 0 1.OOOOOE+00 1.OOOOOE+00 2.00000E-01 2.30000E-31
195 44 2 0 1.OOOOOE+00 1.OOOOOE+00 2.00000E-01 2.OOOOOE-3I
205 45 2 a 1.OOOOCE+00 1.00000:+00 2.OOOOOE-01 2.00000E-01
200 46 2 2 0. 0. 0. 1.00000E-24

…==sS=7===sNODE 19 CO=NNECTED…… … … ……=AND=20=TO=GET==…M== =A===…= 3 …

NODE 199 CONNECTED TO 196 AND 206 TO GET TEMP AT = 20.
NOE 200 CONNECTED O 195 AND 205 To GET TEMP AT Z = 20.0.

DATA I3LCCK 5 INTERNAL CONNECTION NODE ~JM&ERS, AREAS, AND INTERFACE CONUUCIANCLS.

-J

NOC
2
6

16
26
36
46
56
66
76
86
96

106
116
126
136
146
156
166
176
186
196
206
199

NC02 INDEX
I 1
5 2

15 3
25 4
35 5
45 6
55 7
65 8
75 9
85 10
95 11
105 12
115 13
125 14
135 15
145 16
155 17
165 18
175 19
185 20
195 21
205 22
196 23

DEL I
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.-
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O .

DtL2
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
O.
0.
0.

0.
0.
0.
0.
0.

DLONG
1. OOOOE-04
1.0000E '00
1.OOOOEeOU
1. OOOOE *00
1.00OOE +060
1. OO0OE +00
1. OOOOE +00
1.OOOOE+00
1.OOOOE+00
1.OOOOE+OC1. 0000E +00-

1.0000E*00
l.OOOOE+00
1.OOOOE+0O
1.OOOOEf0
l .OOOOE+OO.

l . OOOOE+00
1. OOOOE *00
1.OOOOE*00
I. 0000E +00
1. 0000E +00

1. OOO0t 001.OCOOE 4CO
I . OOOOE.+O C

DRAD
l .OOOOE+00
I . OOOOE+O0
1. OOOE 00
l. *OOOOE+0
I . OOOOE + 00
1. OOOOE+00
1.OOOOE*00
l.0000E+00
l .OOOOE+O
I*OOOOE+00
I . (OOOE+06
.*OOOOE+on

l.OOOOE+O
I.*OOOOE*0
I oOOOE+00
.*OOOOE+00

I .OOOOE +O
1.OOOOE+00
l.OOOOE+00
l.0O00E+00
l . OOOOE+00
I . OOODE*O0
l .OOOOE+00

HINT
2.0000E-02
2.OOOOE-02
2.0000E-02
2.000OE--2
2.0000E-02
2.OOOE-02
2.OOOOE-02

2 .DOODE-32
2.0000E-D2
2.000GE-02
2.0000E-02

2oOOODE-32
2.OODOE-02
2.OOOOE-52
2.OOOOE-02
2.OOOE-02
2.0000E-02
2.OOOOE-02

2.0000E-02
2.0000E-02
2.0000E-02
2.OOOOE-02
5.5000E-D9

RINF
.

U.
0.
0.

.
0.
.

0.
.L.

0.
0.
0.

:.0.

0.
0.
0.
D.

.

AREA

I .OO .E .O4
1.00C'. E 00
I .OOCk:L+O
1 .O V, L+ OC,1.0000 E+ 0

I.O0)C, L 40U
1.0ic, L*OC.
I .000!,E +C,
I . CI'Dt. E+O

I .00C L +00
1 . CJ CE+Du

1 .0'j 0 +JO
1.0300E+O i
1.0000L.ou
I .OOOE+OO
I .O;)OUE SOu

JOC'E+O0
I .O!ODL+00
I . OC OE .00
1 .O0OE +c)C
1 .0.10E+00

_-

-

Fig. 3. Heat regenerator. Sample problem for TRUMP report (continued).



199 206 24 0. 0. 1.OCOGE+OC 1.OOOE+Go 3.50DOE-09 . I.OOCV'E+OC
200 195 25 0. 0. 1.OOOOE+O0 1.OOOOE+OC S.500OE-09 O. I.OU0O:EO0
200 205 26 0. 0. 1.OOOE+30 1.OOOOE+00 3.500tE-09 0. 1.0);&A+L00

DATA eCCK 6 EXTERNAL CONNECTION NODE '4UMBERS, AREAS, ANID SURFACE CONDUCTANCES.

NCOS NCCSe INDEX LTABI- POWER DLONG DRAD HSURE RSURt AREAS
2 1001 1 0 0. 1.OOOOE+Cv 2.OOOOE-01 1.0300E+03 3. 2.0003E-'uI

DATA LCCK 7 BOUNI)ARY NODE TEMPERATURES.

NCCe INCEX LTABI TEMPB SLOPE TIMEB
1001 1 0 1.OOOOOOE+02 C.

NODAL POINT OF NODE 2 IS T = 0.
OTHER NODAL POINTS OFFSET DOhNSTREAM FOR ADDED MASS FLOW STABILITY.

DATA BLCCK 10 MASS FLOW CONNECTION NODE NUPBERS, FLOW RATES. PATH LENGTHS.

NCCF1 CCF2 INDEX LTABFL FLOWT SLOFL TVARFL DELF1 DELF2
2 6 1 0 4.0000OE-G1 1.00000)E-54 6.500303E- 1
6 16 2 C 4.OOOOOOE-01 3.500000E-;71 6.5GO3OA-A

-

16
26
36
46
56
66
76
86
96

106
116
126
136
146
156
166
176
186
196

26
36
46
56
66
76
86
96

106
116
126
136
146
156
166
176
186
196
206

._

3
4
C
e

1
8-
9

10
I 
12
I t
14
15
1e.
17
18
19
20
21

0
0
0
C
C
C
C
C
0
0
C
G
C
C
C
C
0
C
C

4.0000COE-01
4.OCOOCCE-0l
4.OCOOCCE-01
4.00000CE-CI
4. OCOCCCE-)1
4.0OCOCCE-01
4.OUOOObCE-G1
4.00000CE-01
4.00000E-01
4.0OOOOE-01
4.00CCCCE-CI
4.OOOOOCE-01
4.000COGE--01
4.0000GCE-01
4.OGOCCCE-01
4.00000CE-01
4.00000GE-;I
4.OOOOOOE-O1
4.OCOCCCE-Cl

3.50000E-Ol
3.500000E-01
3.500000E-O1
3.5000OOE-Ul
3.50G000 -01
3.500000 e-01
3.500303 E-.I
3.500000E-91
3.5000JOE-O1
3.500003E-31
3.500jOOE-01
3.500030E-31
3.5 0000E-31
3.500090 E-j
3.500000t-01
3.50000Et-01
3.50000O-31
3.500000E-)1
3.500000E-31

6.5003nC t- l
6.50000.E-;1
6.50000,L- 1
b.50000JI-1
6.'5Q0'E- I
b.5U0C0JE-,L
6.50000(t-( 1
6. 50D00')E- l
6.50000JE-ii
6. 50DOUE- 1
6. 50300C -t1
6.500003E-)1
6. 5000,0 -i 1

6.500-';- I- I
6.50030JE- 216.5G000JE-21
6. 5GO 000E- 1
6.5COOkJE-C-1
6. 5r70JCE-C1

Fig. 3. Heat regenerator. Sample problem for TRUMP report (continued).



DATA ENOEC -1 END OF DATA DECK. SSI WILL INTERRUPT PROBLEM.

MACHINE TIME (NO4/10 = 3 SECONDS. CPU.I/O.SYS PERCENTS = 32A7/0

IJ

SUPPARY OF INPUT CATA
eLCCK NUMeER 2 3 4 5 6 7 8 9 10 I1 12
TIMES REAC IN 1 0 001 COl 001 1 000 000 001 01 030

ITE I E MAT KEM NODE NODI NODS NODB NODG NOTE NODFI NODEP NODPI
MAXIMUM SIZE 40 5 480 1200 125 20 100 480 80 12 480
UNMCCIFIEC SIZE 0 0 0 C 0 0 0 0 0 3 0
FINAL SIZE 2 0 46 26 1 1 0 0 21 1 0

TAtSLS CAlr CONT Q ZI El HSLRI TEMPO (AI FLlWT [IIAL
0 0 0 0 0 0 0 0 0 0

MAXIMUM ALLOWED TABLE LENGTH IS 12.

ARRAY STORAGE REQUIREMENTS.
NWRECO = (8 + 7*M93uM2 2M4 12OM5 3M9 = 31556
NWCHEM = 4^M2 16 9M9)M3 + l0M4 M3 NOT 0) = 5530
KWCEN8 = 2*M4 ( 13 * 3Mg)*MB (M8 NOT Cl = 486U
KWFLCW = 4*M4 + (9 3M9)-MlO IMl NOT 0) = 5520
KWSURE = (12 + 3M9)*M6 + 5+3*M9)*M7 M6 NOT 01= 6820
KWPLCT = 4*M4 3*M11 (1 Ml*Mi I11 NOT 0) = 4556
IWBL12 = 8*M4 4 5M12 (M12 NOT U) = 6240

TCTAL ADJUSTABLE ARRAY STORAGE = 65082

CrFER TCTALS NOSPEC NOGCN NORAD NORADS NMELr NREACT __ _

2 0 0 0 0 0

PATERIAL SUMMARY

NAME MATL NOCES DENSITY CAPACITY TOT VOL TOT MASS TOT CAP TUT HAT
fLU IO
SCL IC

1 23
2 23

1.OCUOOE+00
l.OCOOOE+Cl

1.(0030E+00
5.CCCCCE-02

4.2COO2E#00
4.20002Et3O

4.20002E+30
4.20002E+01

4.230U2E+03
2. lOOlE*OC .

SYSTEP TCTAL 46 8.4GO4tt GO 4. 62002E +Ol 6. 3.'O3E+O)

Fig. 3. Heat regenerator. Sample problem for TRUMP report (continued).



TRUPP fPUT CATA bOATA is 1

-3

* HEAT EGENERATOR. SAMPLE PROt5LEM FOR TRUMP REPORT. 2/27/68. a. 2u.141 '4I4Cl

PRINTCUT CYCLE MF MSS KWIT DELTMX SMALL TVARY DTEMP DTMAXS 'lUTS
1 0 1 0 0 3.17460E-01 3.17460E-33 1.00030E+00 9.99990E-34 3. U

TOTAL TIME TIME STEP HEAT FLOW TEMP FROM FLUX FLUX RATE TEMP RATL
1,-QQOQE-12- QQQ00A1-2 -1999 L _ 11 -9._ .'I979E+04 3.17456C+ ,3

AVC EM'P t-EAT CAPACITY HEAT CNTENT GEN RATE HEAT GEN TEMP RCM 6LN
3.17456E-09 6.30003E+00 1.99998E-O8 C.. 0. X.

___CC _ TEMP UT CDT GkN RATE W h F
2 9.9999E-04 9.9999-fi4 9.9998E+08 G. 2.30OOE-D8 2 .ODO)E-Ch 2.0V0 L' t-8

6 0. 0. G. v. 0. C,.
16 0. 0. 0. J. 0. J.
26 0. 0. c. . v o.t . -.
36 0. 0. 0. O. 0. 3.
__ 46 0. O. _. G. 0. 0. .
56 0. 0. D. C. 0. 0.
66 0. C. . . 0. C.
76 0. 0. 3. C. 0. C .
86 0. 0 . O. C 
96 0. 0. 0. A. 0. J.

106 0. . C. C. .
116 0C. 0. 0. i. 0. J.
126 0. 0. 0. C. 0. 3. .
136 0. 0. C. C. 0. V.
146 0. 0. 0. 0. 0. .

166 0. 0 . 0. G. 0. O. J.
176 0. 0. 0. 0. 0. 0 . a.
186 0. 0. 0. 0. 0. 0.
196 0. 0. Dl. 0. G. (,.
206 0. 0 . C, . C. . 3. .
199 0. C. C. G. 0. 0. ,.

1 2.0000E-16 2.GOOOE-16 2.0000L-04 C. 2.OQOOE-21 2.000)E-21 2.0uut-21
5 0. 0. 0. C. 0. 5.

19 O. 0. O. G. 0. C..

Fig. 3. Heat regenerator. Sample problem for TR1IMIP report (continued).



25 0. 0. C. C. 0. U. 0.
35 0. 0. 0. C. 0. 0. O.
45 0. 0. 0. C. 0. o. u.
55 0 0. 0. 0. 0. O. 0.
65 0. 0. C. 0. 0. U. 0.
75 0. 0. 0. 0. 0. O. J.
85 0. 0. 0. 0. 0. a. O.
95 0. 0. 0. 0. 0. 0. 0.
105 0. 0. C. 0. 0. 0. 0.

___ 115 O 0. -0. O. ° O- .-
125 0. 0. 0. C. 0. 0 . 0.
135 0. 0. 0. 0. 0. 0. O.
145 0. 0. C. 0. 0. 0. U.
155 0. 0. 0. 0. 0. 0.
165 0. O. 0. U. 0. 0. 0.
175 0. 0. 0. 0. O. O. 0.
185 0. 0. C. 0. 0. 0. .
195 0. 0. J. 0. 0. 0. C.

NCCE TEMP OT DDT GEN RATE W H F
205 0. 0. 0. C. 0. 0. 0.
200 0. 0. 0. 0. 0. 0. 0.

MATERIAL CATA

NAME MATL TOT CAP TOT HEAT AVG TEMP THELT HMELT
FLUID 1 4.20002E+00 1.9999eE-08 4.76183t-09 G. 0.
SCLID 2 2.10001E+00 1.99998E-21 9.52367E-22 0. 0.

== z= n= == == == = = = = = = = = = _ = = = = = = = = = = ====z===…== = = = = == = = = = = =

NCCE CATA. CHECK TOTAL CONDUCTANCES (ZIP) AND TE CONSTANTS (SLIM).
LARGE CIFFERENCES BETWEEN NODES MAY BE DLE TC POCR ZING9 AND MAY PRODUCE POOR RSULTS.

NCOE MATL NTYPE RADIUS VOLUME MASS :APACITY CONDUCTIVITY ZIP SLIM

-3
0)

2
6
16
26
36
46
56
66
76

I
I
1
1
1
1
1
I
I

I
0
0
0
0
0
0
0
0

2.OOOOE-01
2.OOOCE-01
2.OOOOE-01
2.OOOOE-01
2.OOOOE-01
2.OOOOE-01
2.OOOOE-01
2.OOOOE-01
2.OOOOE-01

2.OOOE-05
2.OOOOE-01
2.OOOOE-O1
2.000CE-01
2.OOOOE-01
2.OOOOE-0I
2.0000E-01
2.0000E-Ol
2.OOOCE-01

2.OOOOE-05
2.OOOOE-01
2.OOOOE-O1
2.OCOGE-O1
2.0COOE-01
2.OOOE-01
2.OOOOE-O1
2.OOOOE-01
2.OCOOE-01

2.0OOOE-05 1.OOOOE-24
2.OOOOE-O1 1.OOODE-24
2.OOOOE-01 1.0000E-24
2.0O00E-01 1.000JE-24
2.OOOOE-01 1.OOOOE-24
2.OOOOE-01 1.OOOOE-24
2.OOOOE-01 1.OOOOE-24
2.OOOOE-01 1.DOOOE-24
2.OOOOE-01 I.OOOOE-24

2.000 JEt )2
4.200DE-; 1
4.2030E- .1
4.20JE-'..l
4.200JE-Q1
4.200jE-.' 
4.2030E-. 1
4.2030E-.1
4.200'JE- 1

1.O)00L-07
4. 7619E-01

4.7619E-O1
4.76,19E?-01
4.7619E-O1
4.7619E-31
4.761SE-31

4.7619t-01
4.7619L-L1

_
__

I'ig. 3. Ileat regenerator. Sample problem for TRUMP report (continued).



86 1
96 1

106 1
116 1
126 1
136 1
146 1
156 1
166 1
176 1
186 1
196 1
206 1
199 1

1 2
5 2

15 2
25 2
35 2
45 2
55 2
65 2

-1 75 2
85 2
95 2

105 2
115 2
125 2
135 2
145 2
155 2
165 2
175 2

195 2

0
0
0
a
0
0
0
0
0
0
0
0
0
2
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

2

2.OOOOE-01
2.OOOOE-0I
2.OOOOE-01
2.onOCE-01
2.OOOCE-01
2.OOOOE-01
2.0000E-01
2.000CE-01
2.OOOCE-01
2.OOOOE-01
2.OOOOE-01
2.000CE-01
2.OOOCE-01
0.
2.OOOOE-01
2.ooCE-01
2.OOOOE-0
2.OOOOE-01
2.OOOOE-01
2.OOOCE-01
2.OOOOE-01
2.OOOE-0
2.OUOOE-01
2.OOOCE-01
2.0000E-01
2.OOOOE-01
2 .0000E-OI1
2.OOOGE-01
2.0000E-01
2.OOOOE-01
2.000CE-01
2.OUOCE-Gl
2.OOOOE-Cl
2oOOOOE-01
2.0000E-0I
2.0000E-GI

-

2.OOOE-01
2.0000E-CI
2.OOOE-0
2.000CE-CI
2.OOOE- 01
2 .OOOOE-01
2.OOOOE-01
2.00OCE-01
2.OOOOE-OL
2.000CE-01
2.0000E-01
2.0GOCE-O1
2.OOOCE-Ol
1.OOCE-24
2.OOOE-05
2.0O0CE-CI
2.OOCE-01
2.nOOE-01
2.OOOOE-O1
2.00QCE-CI
2.(OOOE-01
2.0000E-01
2.OUCOE-01
2.OCOCE-G1
2.OOOE-0I
2.OOCOE-CI
2.0GCCE-Cl
2.OUOCE-01
2.OOOCE-OI
2. 000CE-lI
2.00COE- I
2.OuOCE-1I
2.OOCOE-31
2.OOOOE-CI
2.CCCE-Cl
2.0COO:- )I
1.O0C'E-24

2.000E-01
2.OCOOE-01
2.000GE-OI
2.OOOE-0I
2.OOOOE-01
2.OOOOE-O1
2.000Gt-01
2.OCOCE-01
2.0000E-01
2.00OOE-01
2.OCOOE-01
2.OOcOE-31
2.0000E-01
l.OOOE-24
2.OOOE-04
2.0000E+OC
2.0000E+00
2.0OO+00
2.OOGOE+CO
2.0000E+00
2.0000E+GO
2.OOOOE+00
2.000E+OC
2.OOOOE+O0
2.000t+30
2.0000E+00
2.0000E+00
2.OOOUL +0o
2.OOOOE+uO
2.OCOOE+OU
2.CCOOE+30
2.0030E+00
2.0000t+00
2.0000E+00

2.0000O *00
1.OGOOE-23

2.0000E-01
2. OOOOE -01
2 OOOOE -0 1
2 .OOOOE-01
2. OOOOE -n1
2. OOOOE-01
2.OOOOE-01
2. OOE-OI
2. OOOOE -01
2.OOOOE-01
2. OOOOE-01
2. OOOOE-01
2 .OOOOE-0l
l.OOOOE-24
I.OOOOE-05
I .OOOOE-0I
I . OOOE-01
I . OOOOE-0I
.OuOOE-01
I.OOOOE-01
I .OOOE-0I
l. OOOOE -OI
1 OOOOE-Ol
I . oooe-01

.OOOOE-0l
I .OOOOE-0I
I .OOOOE-O1
I1.00001-01
I .OOOOE -I
I . OOOOE- I
I .OOOOE-0l
I . OOOOE -01I
l.OvOOE-GI

.OOOOE-01
1 .OOOOE -I
l.OOOE-01
5.C vOOE -25

1.OOOGE-24
I.DOOOE-24
I.OOOOE-24
l.OOOOE-24
1.0003E-24
I.OOODE-24
1.OOE-24
I.OOOGE-24
1.0003E-24
I.DOODE-24
1.0000E-24
1.OOOOE-24
1.000E)-24
1.0000E-24
1.OOOE-24
1.OOOE-24
1.0003E-24
I.OOCE-24
I.OOOUE-24
l.OOOOE-24
1.000CE-24
I.OOOE-24
I.3OuOE-24
1.OOOGE-24
1.000JE-24
1.OOOOE-24
1.O0OOE-24
I.OGOCE-24
I.DOODE-24
I.OOOE-24
1.OOOE-24
I.OO0E-24
I.OOOOE-24
1.0000E-24
I.OOOOE-24
1.003E-24
1.0033E-24

4.2030E- 1
4.2030E- I
4.20)UE-1
4.200)E-, I
4.2030E- I
4.2033E- I
4.2030E-ii
4.203DE-! I
4.203DE-.,1
4.20)DE-71
4.20D3E-J1
4.2009E-. 1
4.20J0E-_1
1.O30JE- 8
2.000JE- 6
2.00001- 
2.0035E- 2
2.3030E- 2
2.00'E- 2
2.0001E- 2
2.DODOE- 2
2.30DOE- 2
2.OOOjE- '
2.OO0E- 2
2.)0))E- 2
2.303)E- 2
2.JOJE-,2
2.OOOOE- 2
2.30)1t- 2
2.30)JE-.?
2.003)1-2
2.30)IE- .2
2.303)E- Z
2.3)U)E- 2
2.300 E- 2

2 .30C - d

4.76191-*JI
4.7619L-91
4.7619E-31
4.7619t-01
4.7619E-01
4.76191-01
4.7619E-01
4.7619t-CI
4.7619E-01
4.7619E-01
4.7619E-.ll
4.76191-l1
4.7619E-01
l.00C-16
-5. 3')Y):'C * COu

5.03OCE+00
5.03J0 C+;)
5. ) +00
5.O'JO'L * )
5.0J +':F UO
5 .OVO;A +')_
5.00' .L 4Cj
5.0 )D A1 + o
5.0 03.;tt03
5.02 .1'F+)0
5 . VC!O 3 +%)5.000h-C+0c
5.0)3 [ +0)V

5.0)3 'E+00
5.000) 40
5.0 )'Lt +Of
5.OOOE +03
5.*0J C - .0 
5.OOOE 400
5 .)' U 4%C

5. .00-, 1 -7

_

205 2
200 2

Fig. 3. Heat regenerator. Sample problem for TRTMP report (continued).



16rERNAL CCNNECTION DATA. CHECK CONiCIANCES IRAN.
LARGE CIFFERENCES BETWEEN CONNECTIONS MAY 8E DUE TO POOR ZONING, AND MAY PROUJCE PtJIR RESULTS.

hCLI
2
6
i6

NOC2
I
5

1 i

AREA
l.UUOCE-04
1.OOOOE+O0
1-nnnnF+n

I-NT RINT
2.OOOCL-02 0.
2.0000t-02 0.
2.000CE-02 O.-

IRAN
2 .0000E-06
2.OOOOE-02
2- 00E -02

HEAT FLOW
-2.0000E-21
3.
3.

AVL RAIL

-2.000JE-(9
.

3.

26 25 1.OOOOE4OO 2.OOCCE-02 0. 2.OOOOE-02 0. L.
36 35 l.OOOOE+OC 2.OOOCE-02 0. 2.OOOOE-02 0. O.
46 45 1.OOOOE+00 2.OOOOE-02 0. 2.OOOOE-02 3. 0.
56 55 1.OOOOE400 2.OGOCE-02 0. 2.OOOOE-02 3. 3.
66 65 l.OOOCE*CC 2.0OOCE-C2 C. 2.0000E-02 U. S.
76 75 I.OOOCE+00 2.OOOCE-02 0. 2.OOOOE-02 0. .
86 85 1.OOOOE+0O 2.000GE-02 0. 2.OOOOE-C2 3. D.
96 95 I.OOOOE+OO 2.000L-02 0. 2.OOOOE-02 2. 0.
106 105 1.OOOCE.OC 2.OCCCE-02 C. 2.0000E-02 0. u.
116 115 1.OOOCE+00 2.OOOOE-02 0. 2.OOOOE-02 D. v.
126 125 1.OOOGE+00 2.OOOCE-02 O. 2.0J0E-(i2 D. 0.
136 135 1.OOOCE+00 2.0OO0E-Q2 U. _.000E-02 2. .

-J

146
156
166
176
186
196
206
199
199
200
200

145
155
165
175
185
195
205
196
206
195
205

I .OOOCE400
1.OOOCE+OC
1.OOOOC+0
1.OQOOE*CO
1.(lOOCE4OC
l.OOOCE+OC
1.OOOOE+OO
1.OOOOE+00
1.OOOCE+CC
l.OOOOE+00
1.OOOOE+GC

2.OCCCE-C2 C.
2.OOOE-C2 O.
2.OCOOE-02 0.
2.000CE-02 0.
2.00CCE-02 0.
2.00CE-02 0.
2.00GOE- 2 0.
6.5000E-09 0.
3.50CCE-C9 0.
6.50COE-09 0.
3.50COE-09 0.

2. OOOOE-02
2 * 0000E -02
2. 0OOOGE-02
2.OOOOE-02
2.OOOOE-02
2.OOOOE-02
2.0030E-02
6.5000E-09
3.500OE-09
S.5000E-09
3.5000E-09

2.
2.

.
.

3.
.

a.
0.
0.
2.
2.

0.
a .
0.
3.
3.

.).

U.

J.

MASS FLCW DATA

SCURCt
2
6
1 6
26
36
46
S16

S INK
6

16
26
36
46
56
66

PILOW RAIL
4.OOOOOE-01
4.00000c-CI
4.0OCOOL-01
4.OOCCOE-CI
4.00000F-0l
4.00CO0-C1
4.OOOCOL-01

NET FL(IW
4.COCOOE-13
4.OOOOOE-13
4.00OOOE-13
4.COCOOE-13
4.COCOCE-13
4.OOGOOE-13
'..OOCOOE-13

AV(> RA1E
4.CCOCjE-Cl
4.0OOOOE-O0
4.n 0O OE-Cl
4.uOOOE-Ol
4.CCOCCE-Cl
4.Oc000[E-C1
4.0S,000E-C

SOURCE hi
9.99846E-01
6.50000E-01
6. 5000CE-51
I. 0000E-01
6. 50COOE-0I
6. 5 00COE-(I
6. 500COE-01

SINK WY
1.53822E-34
3.5003DE-31
3.50003E-31
3.503CE-31
3 .5O3UL-3 1
3.SO0OE-Ul
3.5G0OOD-ul

Fig. 3. Heat regenerator. Sample problem for TRUMP report (continued).



66
_ 76

86
96

106
116
126
136
146
156
166
176
186
IQA

76 4.0OO
86 4.00CO
96 4.0000

106 4.0000
116 4.OOOC
126 4.0600
136 4.0noo
146 4.0000
156 4.0000
166 4.0000
176 4.0000
186 4.0nO0
196 4.000G
206 4..nnf

OL-01
OE-C1
OL-Cl
n-c 
OE-0I
OE-C 1
o'-C I
CE-01
OE-O1
OE-C 1
OE-CI
nOE-C1
OE-01
nE--C 1

4.OOdOOE- 13
4.COCOOE-13
4.OOOOOE-13
4.OQOOOE-13
4.COOOUE-13
4 .COCE-13
4.00GOOE-13
4.OOOOCE-13
4.OOOOOE-13
4.CnCOUE-13
4.COOOOE-13
4.OOCOOE-13
4.cooooE-13
4.COCOF-13

4.0LOCCE-Ol
4.(COCCE-Cl
4. COO E-C-v-0
4.(,iCOOL-CI
4. OCOCOE-01
4.CCOCOE-Cl
4.000OO-Cl
4.000COL-Cl
4.0COCOE-01
4.CCOCOE-C1
4. iOOOE-CI
4.000001:-Cl
4.00GOE-01
4.OCGCOEw-Ol

6. 5000oE-01
6.50003E-01
6. 5000CE-O
6. 5000CE-01
6. 50000E -(I
6. 50000E-01
6.50000E-01
6.50000E-0l
6. 50000E-01
6.50000E-O1
6.',OOOOE-01
v6.500DOE-01
6.50000E-01
6. 50000E-0i

3.5OOE-T 1
3.50000E-C1
3.50D001E-DI
3.50030E-31
3.5000E-Ol
3.50000 L- 1
3 .50D00E-0 1
3.5000DE-01
3.50003E-OI
3.500300-01
3.5000.'E-1I
3.53300DE-JI
3.500DE-01

. . V - V V . V V V .- . _, _- V - -

hCCc RATE IN RATE OUT
2 0. 4.COOOOE-0l
6 4.00060E-fl 4.OOOOOE-01

16 4.OOOOE-01 4.COOOfE-O1

v- -- -- -------- Rvvv RJs_ vS

Co

26
36
46
56
66
76
86
96

106
116
126
136
146
156
166
176
186
196
206

4 .OOOOOE-0 1
4 .OOOOOE-0I
4-OOOOOE-b l
4.OOOOOE-01
4.OOOOOE-CI
4.OOQOQE-O1
4.OOOOOE-01
4.OOOOOE-01
4.0000:OE-0
4.0000PE-nl
4.00000E-Cl
4.OOOOOE-Cl
4.00000E-O1
4 .OOOOOE-0
4.OOOOE-Ol
4.000000E-61
4.00000E-01
4.0000E-01
4 .0000E-01

4.COCOCE-01
4.00000E-Ol
4.oooOnE-O1
4.COOOOE-01
4.COOCE-0l
4.00000E-Ol
4.OOOOOE-0
4.0000CE-01
4.COCOGE-01
4.OOOOOE-0l
4.00000E-OI
4.OOOOOE-01
4.CCCOGE-01
4.OOOOOE-01
4.OOOOOE-01
4.00000t-01
4.COCOCE-0l
4.00000E-01
0.

NET FLOW IN NET FLOI CUT AVG FLCW IN
C. 4.CGOOCE-13 0.
4.00000E-13 4.00OO=--13 4.0000E-01
4.OOOOOE-13 4.OOOOOE-13 4.0003E-01
4.0CCOE-13 4.COCOOE-13 4.0000DE-01
4.OOCOOE-13 4.0000C_-13 4.030U3E-0l
4.OCOOCE-13 4.C0O0-13 4.000JE-01
4.fOOOOE-13 4.GCGOQ0-13 4.00003E-01
4.CCCCuE-13 4.COCOCE-13 4.00nOOE-Ol
4.0C03CE-l3 4.CCJ00E-l3 4.O0003E-01
4.00030E-13 4.Cc0--jE-I3 4.00000E-Ol
4.0000Ct-13 4.00000E-13 4.0000E-01
4.CCCLOC-13 4.CJCOCE-13 4.30000E-01
4.00000-13 4.00300_-13 4.000DE-0I
4.00.XjOE-13 4.C000-13 4.OOOODE-01
4.OOOOCE-13 4.OOOOE-13 4.00000E-Ol
4.CCCCOE-13 4.0D00E-13 4.0000CE-01
4.OUOOCE-13 4.00000--13 4.00003E-01
4.OOOOOE-13 4.000002-13 4.00003E-Ol
4.00000E-13 4.0OCOCE-13 4.OOOOOE-0l
4.000UOC-13 4.OJCOGE-13 4.OOOOE-01
4.0001-I3 4.GO)OOOE-13 4.OAOOD1E-01
4.0COOOE-13 C. 4.0GOOt-Ol

AVG FLOW CUr
4.03J03E-) 1I
4.109jOOE-1 I
4.JO03JE-)1
4.100LOE- I
4.300':)E-31
4.000(,OE-3I
4.300DE-) 1
4.040)OLE-0
4.30000E-31
4.O00iJE-31
4.0C0f00E-D 
4.JODC E-G1
4..000GE-DI
4. 0C.30E- I
4.0uOZ'OE-01
4.0009' E-0I
4.1000DE-1I
4.OCOD E-)1
4.000CIE-01
4.LIUOOCE-CI
4.eD00fIE-3I

RLS ICEICr r IME

5.300C#GC-% I
5 .00; OE- -.5

5 .C - 1 -' I

I. J': -I C -- I
.OOCOOLt:" I

S.0000t-: l

5.00u10L-: 1

t.c.nnJ ,-r I

5.GD300J L- .l

5.0O0Ot-: I
5.00t09i- 1

_ ._

0.

OCUKDMRY NOCE AfA

NCCB TEMPO
1001 1.00OOE402

HEAT FLOW
2.OOCOE-C8

AVG RATc
2.CCCCE+04

Fig. 3. Heat regenerator. Sample problem for TRUMP report (continued).



SYSTEF TOTAL 2.OOOOE-08 2.OOO.04
========

EXTERhAL CCNNECTION DATA

NODS NOCSH AREAS HSURE PUWER RSURE TRANS HEAT FLOW AVG RA[E
2 1001 2.0 LOE-01 1.OOOQE+03 O. 0. 2.0030E+02 2.00DOE-38 2.OOOOE+04

====_.====…-…=============================w==== == ====-====

KCYC 0, ITERATIONS ... TOTAL O. AVERAGE = 0, MAXIMUM = 0. FOR = C.570

* HEAT REGENERATOR. SAMPLE PROBLEM FOR TRUMP REPORT. 2/27/68. 2u.141 N04/10~~~~~~~~= = = === ====Z=========

PRINTCUT CYCLE MF HSS KWIT DELTMX SMALL TVARY DTEMP DTMAXS NUTS
6 461 3 0 1 3.174tOE-01 3.17460E-03 1.OOOOOE+00 2.27034E-01 0. 0

TOTAL TIME TIME STEP HEAF FLOW TEMP FROM FLUX FLUX RATE TEMP RATL
2,000ooE+0l 5.16402E-02 1.13220E-06 1.79713E-07 5.66399E-08 8.98565E-09

AVG TEVP HEAT CAPACITY IiEAT CONTENT GEN RATE HEAT GEN TEMP FROM GEN
8.99629E+01 6.30003E+00 5.66769E+02 0. 0. 0.

NCOE TEMP OT DOT GEN RATE W H F

0

2
6
1 6
26
36
46
56
66
76
8
9 L
106
116
126
136
146
156
166
176

1.0000E+02
9.9937E4O1
9.9804E401
9.9627E+01
9.9400E401
9.9116E*01
9.8766E401
9.8341E+01
9.7837E*01
9.7240E401
9.6544E401
9.5734E+0l
9.4819E+01
9.3762E.+Ol
9.2606E*01
9.1228E+01
8.9833E+01
8.8054 E401
8.6542E#01

Fig.

-6.9351E-10
6.4987E-04
1.S693E-C3
3.6408E-03
5.7188E-03
8.2655E-03
1-1299E-02
1.4812E-02
1.8875E-02
2.3682E-02
2.$158E-G2
3.5166E-02
4.1575E-02
4.88IIE-02
5.7446E-02
6.6858E-02
7.5790t-02
E.5715E-02
9.3594E-02

-1. 3386E-08
1.2543E-02
3.801 lE-02
7.0272E-02
1. 1038E-01
1. 5954E-Ol
2. 181OE-01
2.8589E-01
3.6432E-01
4.571IE-Ol
5.6278E-01
6.7875E-01
8.0247E-01
S.4212E-01
1. 1088E+OO
1.2905E 00
1.4629E+00
1.6544E+00
1.8065E+00

0.
0.
a.
0.
0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
U.
C.
0.

2.OOOOE-03
1.9987E+OI
1.9961EO I
1.9925E+31
1.9880E+01
1.9823E+01
1.9753E+0D
1.9668E+01
1.9567E+O1
1.9448E+O1
1 .9309E+O I
1.9147E+Ol
1.8964E+O1
1.8752E+O1
1.8521E+01
1.9246E+D1
1.7967E+01
1.761 1E+01
1.7308E+01

2.0000E-03
1.9987E-Ol
1 .9961E+0 1
1.9925E+01
1.9883E+01
1.9823E*Ul
1.9753tE+1
1.9668E+01
1.9567E+01
1.9448E+OI
1.9309s0&1
1.9147E+C-1
1.8964E+01
1.8752E+01
1.8521E+(C
1.8246E+ul
1.7967E+Ol
1.7611E+01
I 7308E+01

-9.8045E-04
-9.7869E400
-9.720BE.00
-9.6441E+00
-9.5558E+00
-9.4552E.00
-9.3415E+00
-9.214CE+00
-9.0722E+00
-8.9153E4OO
-8. 7432E +40
-8.5549[+10
-8.3517E+CO
-8.13)41+00
-7.8969E+00
-7.64n7L+O0
-7.3d24L+00
-7.08471 t )0
-6.8193E+00

3. Heat regenerator. Sample problem for TRUMP report (continued).



186
196
206
199

1
5

1 5
2 5
3 5
4 5

6 5
7 5
8 5
9 5
10 5

12 5
13 5
14 5
15 5
165

18 5
19 5

20 5

8.4t155E*01 1.0856E-01
8.2811E*01 1.2055E-01
7.9078E#01 l.?825E-01
8.1504E*01 1.2674E-01
9.8158E.01 1.9106E-02
9.7869E+01 2.1577L-02
9.7208E401 2.7C64E-02
9.6441E+01 3.3213E-02
9.5558E401 4.0038E-02
9.4552E+01 4,.7541E-02
9.-34 15E#01 5.5720E-02
9.2140E .01 6.45591z-02
9.07221:401 7.4053E-02
8.915 3E .01 8.4u145E-02
8.7432E'0j 9.47egE-C2
8.5549E+0i 1.0592E-01
8.3517E+01 1.1751E-01
8.1304E*01 1.2949E-01.
7.8969E401 1.4172E-01
7.6407E*01 1.5398E-01
7.3824iE.01 1.6628E-C1
7.0847E+0l 1.7868E-01
6.81931:401 1.9051E-01
6.4,546E+01 2.0350E-01
6.2362E*01 2.1214E-C1

TEMP OT
5.7184E401 2.2703E-01
6.0550E+01 2.1735E-01

2.09541: i00
2. 3267E+CO
2. 6684E +00
2. 4463E+00
3. 68717E-01
4. 1646E-01
5.22 38E-01
6.4 106E:-01
7. 72 fl0E-01
9. 1 762E-01

-_I. 0755E+00O
..2461L: .00

1.*4293E +00
1.*6241E +00
1. 8296E+00
2.0444E:+00
2.26 82E:+00
2. 4994E+00
2. 7353E+00
2.9720E:400
3.2094E+CO
3. 448lE +00
3. 6772E:+ 00

U.
0.
OU.

0.
0.
0.
0.
0.
3.
0.
UJ.
I

0.
0.
0.0
0.

0 .

0 .

0.
0.
U.
C .

1.5831E:401
1.5562E+01
1.5816E+01
8. 1534E-23
9.81 58E-04
9.7869 E+O0
9.72081:400
9. 544I.E+Oi
9.5 558E*00
9.4552 E*00
9.34151:400
9.2140E+00
9.3 722 E+00
8.9i 153E+Oj
8.74 32t+00
8.5549E+00
8.35 17E400
8.1 304E+00
7.89691:400
7.5407E+00
7.3824L+00
7.0847E4OU
6.81931:400

1 .68 31 L+,C I
1.6562E:401
1 .5816E.'31
8.*1504 E-23
9 .8 158 E-'t
9. 7869E1+GL
9 .72081:40.,
9.6441 E+0.,
9.5558E~+C.tb
9 .4552E+Oj
9.34 15E40.
9 .2143E+O,
9.3722EtC.
8.9 153E*40.'
8 .7432LeG.
8.5549E+0(
8 .357+C-t,
8 .1304t +C
7 .8969 +.
7 .6407E4Uc
7 . 38 24 : 
7 * 084T7:+ (a~
6.8 193E+Uj

-6 .431i6 +'
-6 .2362E: JG
-5.7184t-400

2 .41i3lE-22
9.d1lth-)4
9.7869E: 00
9.72081:400
9.6441E:+00
9. 5558k +30
9 .4552t*30)
9 .341 5i. + C0
9.2 14!. *OU
9). 7 22 . +O...
B.9153t 4O0

8.7432e +00
8.5549( +30
8.*351 7...00
8 * I 3.,4E3 +,'10
7.*8969 + 00
7 .6bi 7 t 0
7.*3824C1+00
i.J114 7L.4 30
6. 8193[ +:-

3.9279Et00 J. 6.4546E:400 6.4546E+CO 6.4546t+30
4. C946 +00 6.23621:400 6.2362E+0OL 1S.23o2z:40D

D T GEN RATE w HI F
4.3821E+00 0. 5.7184E+00 5.7184E+U. 5.7184t+)0
4.1!~952E+00 0. 3.3275E-23 3.0275E-23 -2 .Jw(sE- 22

; = = = = = = = = = -- = -- -- -- = = = = = = = = 2 = 

= ~ ========== ========== ========== 3- ========= =====r==== 

MATERIAL ATA

N AM E 10ATL TOT CAP 101 HAr AVG TE~wP TPELT 1-HMELl
FLUIP--___ -1 -4.20002E400 3.93049E+02 9*35825EI01 0. 0.
SCLIC 2 2.10001E:400 I.7372CE.02 8.27235EOC1 C,. 3.

INTERNAL CCNNECTION DATA. CHECK CONDLCIANCIS TRAN).
LARGE CIFFERENCES ETWEEN CONNECTIONS MAY BiE DUE TO POOR ICNING, AND MAY PRODJCE POOR RSUJLTS.

NCC1 NOC2 AREA
2 1 1.0000E-04
6 5 1.3000E+00

16 15 1.OOOOE40C

-IN R
2.OOOOE-C2 ).
2.OO0OE-'32 3.
2.COCCE-02 0.

I NT TRAN HEAT FLOW AVG KA1t
2.OOOOE-L6 -9.8158E-04 -4*9079E-L5
2.0000E-02 -9.7869E+00 -4.8934E:-A-
2.OOOOE-02 -9.7238E+0o -4.86D4E:-61

Fig. 3. Heat regenerator. Sample problem for TRUMP report (continued).



26 25 l.0000E*00
36 35 I.OOOOE*oa
46 45 1.OOOE00
56 55 i.OOOOE.OC
66 65 1.OOOCE400
76 75 1.OOOCE+00
86 85 1.OOOOE+00
96 95 1.00O0E*00
106 105 !.OOOCE*OC
116 115 1.OOOOE+OC
126 125 1.OOOOE+00
136 135 1.OOOOE+OO
146 145 1.OQOCE.OC
156 155 1.OOOCE*00
166 165 l.OOOOE+00
176 175 1.OOOOE+00
186 185 I.OOOCE.OC
196 195 1.OOOCE+OC
206 205 1.OOOOE+00
199 196 1.OOOOE+00
199 206 I.OOOCE.OC

2.0C001-C2 C. 2. OOE-02 -9.b441E+:, -4.822JE-il
2.00COr-c2 C. 2.0000E-02 -9.5558E+GO -4.7779E-LI
! 2-.000-02 a. _ 20J0OE-02 -9.4552E+00_-4.276E-i1 ___ _

2.0GOOE-02 0. 2.OOOOE-02 -9.3415E+00 -4.67)7E-01
2.CCOCE-C2 0. 2.OOOOE-02 -9.214JE*+0) -4.6070E-O1
2.00001--C2 0. 2.OOOOE-02 -9.0722E+OJ -4.5361E-.A
2.0000L-02 Q. 2.OOOOE-02 -8.9153E+CJ -4.4576E-61
2.OOOOE-02 0. 2.OOOOE-02 -3.7432E+00 -4.3716E-01
2.OOGCE-C2 C. .2.OOOOE-02 -8.5549E+00 -4.2775E-01
2.OOOOE-02 C. 2.OOOOE-02 -9.3517E+00 -4.1758E-Gl
2.0000E-02 0. 2.OOOOE-02 -8.1304E+03 -4.0652E-ul
2.OOOOE-02 0. 2.0000E-02 -7.8969E+00 -3.9484E-,I
2.CCOCE-C2 0. 2.CCOOE-02 -7.6407E+00 -3.8203E-,1
2.OOOE-C2 0. 2.0000E-02 -7.3824E+03 -3.6912E-,1
2.OOOCE-G2 O. 2.0000E-02 -7.0847E+00 -3.5423E-,1
2.OOOOE-02 0. 2.OOOOE-02 -6.8193E*C) -3.4096E-.I
2.COCCE-C2 C. 2.000CE-02 -6.4546E+00 -3.2273E-(ai
2.OOOE-02 0. 2.OOOOE-02 -5.2362E+01 -3.1181E-a1
2.OOOCE-02 0. 2.OOOOE-02 -5.7184E+01 -2.8592E-81
6.500CE-09 0. 6.5000E-09 1.8792E-07 9.3961E-u9
3.500CE-CS 0. 3.5000E-09 -1.8792E-07 -9.3961E-u9

CO
Nz
I

200 195 i.OOOOE+00 6.5000E-09 0. S.50OOE-09 1.2982E-57 6.4911E-C9
200 205 I.OOOOE+O0 3.5000E-09 C. 3.5000E-09 -1.2982E-07 -6.4911E-C9

OCUNkDRY NOCE OATA

NCCD TEMPB HEAT FLOW AVG RATE
1001 1.0000E+02 1.1322E-C6 5.660SE-CS

SYSTEP TCTAL 1.1322E-06 5.6609E-08

EXTERNAL CCNNECT ICN DATA

NCDS IGcrsti AREAS HSURE POlWtR -RSURE TRANS HLAT FLnW AVG KATI.
2 1001 2.OOOOE-O1 I.OOOCE+03 0. v. 2.0030E+02 1.1322E-)6 5.6609E-(b

KCYC = 461, ITERATIONS... TOTAL 0, AVERAGE = 0, AXIMUM = . FOR = C.57G 
ENCED PPCe I KCYC = 461 KWI = I SUPTIP = 2.00030E+01 20.141 'L)4/1
KWIT...I=TIPAX, 2=lMAX, 3TMIN, 4=S.S., 5=DAIA, 6=CARD CR KEY, 7=PCYC, 8=MSEC, 9=PLK 2 OR 4,

10=CCNVERGENCE FAILURE, 11=PROBLEM SIZE LIMIT, 12=TABLE LLNGTH OR ORDER.

MACHINE TIME (N04/10) = 40 SECONDS. CPU,I/O,SYS PERCENTS = 48: 51: 0

Fig. 3. Heat regenerator. Sample problem for TRUMP report (continued).
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Fig. 4. Plot of temperature vs time for heat regenerator. Sample problem for

TRUMP report.
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2. Slab Melt
A semiinfinite slab (-o <X<oo, - < y<o, 0 < z<o), has thermal conductivity 1.0,

density 1.0, heat capacity 1.0, a melting point of 50.0°C, and a latent heat of melting of
25.0 cal/g. The initial temperature is 100.00 C, andfor times t > 0, the surface Z = 0 is
maintained at 0C. The temperature distribution in the slab, and the motion of the

solid-liquid interface, Zint' are calculated for times up to 200 sec. For the values
used here, the solution to the problem 4 is as follows:

T = 112.4 erf (Z/24t), 0 < T < 50°C (II.G.2.i)

T = 9.9 + 90.1 erf (Z/2-Ft), 50°C < T < 1000C (It.G.2.2)

Zint 0. 835 4T, T = 50CC. (II.G.2.3)

The input data for this problem are shown in Fig. 5. A boundary node, No. 2001,
is given a constant temperature of 0C and is connected to a zero-volume node, No. -1,
with a heat-transfer coefficient of 1.0 X 108 and unit area. The slab consists of 20 nodes
1 cm thick, Nos. 1 to 20, 10 nodes 2 cm thick, Nos. 21 to 30, 5 nodes 4 cm thick,
Nos. 31 to 35, and 5 nodes 8 cm thick, Nos. 36 to 40, all with unit area perpendicular
to the Z direction, for a total thickness of 100 cm in the Z direction. These thicknesses
are chosen to limit time-truncation errors to about 0.5 sec near Z=0 and to 1 or less

of the time at which the temperature changes most rapidly at other locations, and to in-
clude sufficient total thickness so that no appreciable temperature change will take place
at the maximum value of Z, 100 cm, at a time of 200 sec. The nodal points of all nodes
are at the node centers. By making TONE 100.0 in BLOCK 1, all nodes are given initial
temperatures of 100.0°C except No. -1, which is given an initial temperature of 0.00 C

n BLOCK 9. The latter is unnecessary but allows the calculations to begin with larger

ime steps, saving a small amount of machine time.

Production of output data is controlled by making IPRINT 120 and JPIC 15. Nodes
1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 14, and 16 are specified for the temperature vs time
plot, on which the temperature scale is converted to the decrease below 100°C by using
100.0 for FTEMP1 and -1.0 for FTEMP2. To obtain logarithmic scales for tempera-
ture and time with 3 and 4 cycles, respectively, and an isotherm plot of node location
-.s time, LOGTEM is 3 and LOGTIM is 104. The node locations on the latter plot are
obtained by using -0.5 for FRAD1 (FRAD2 is set to 1.0 by the program, if zero or blank),
to convert node numbers to the Z coordinates of the node centers. To obtain a
logarithmic scale with three cycles on the node location scale, and interpolation be-
tween points on temperature vs node location plots (not made in this problem, but obtain-
able by preceding JPIC with a minus sign), LOGR is 103.

For temperature accuracy, TVARY is .0°C. TIMAX is 200.0 sec, to end the
problem at that time.

Some of the numerical output data for this problem are shown in Fig. 6 for the
data input phase, the first time step, and the last time step. The calculated curves of
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' SLAB MELT. SAMPLE PRCBLEP FOR TRUMP REPORT. 2/27/68.
NnTE. H(M) = 25 CAL/G, TIM) = 50.0. TIME 0-200 SEC.

NOTE. THIS PROBLEM OCES NOT USE GEN, CHEM, OR FLOW SUBROUTINES.
BLOCK I

120

a*

1.0 200.0
100.0

BLOCK11 CRT PLCT CONTRCLS, SCALE CCEFFICIENTS, AND TIME PLOT NODES.
15 103 3 104 -0.5 100.0 -1.0
1 2 3 4 5 6 7 8 10 12 14 16

BLOCK 2 MATERIAL NAMES, NUMBERS, CHEMICAL COMPONENTS, AND THERMAL PROPERTIES.
SMELT 50 1.0 1.0 1.0 50.0 25.0

BLOCK 4 NODE NUMBERS, MATERIALS, TYPES, AND DIMENSIONS.
-I

21
31
36

19
9
4
4

So
1 50
1 50
1 50
1 50

1.0
2.0
4.0
8.0

1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0

8LOCK
-1

1
20
21
30
31
35
36

5 INTERNAL
1
2 18 1

21
22 8 1
31
32 3 1
36
37 3 1

CONNECTICN NODE NUMBERS AND
0.5 1.0

1 C.5 0.5 1.0
C.5 1.0 1.0

1 t.0 1.0 1.0
1.0 2.0 1.0

1 2.0 2.) 1.0
2.0 4.0 1.0

1 4.0 4.0 1.0

DESCRIPTIONS.
1.0
1.0
1.0
1.0
1.0
1.0
1.0 -
1.0

BLOCK 6 EXTERNAL CONNECTICN NODE NUMBERS AND DESCRIPTIONS.
-1 2001 1.0 1.0 1.0 E8

BLOCK 7
2001

BLOCK 9
-1

BOUNDARY NODE TEMPERATURES.
c.O

INITIAL CCNOITICNS.
I C.O

ENDED-1 LAST CARD CF DATA DECK. MCRE CATA DECKS MAY FOLLOW.
COL 5 10 15 20 25 30 35 40 45 50 55 60

Fig. 5. Input data for slab-melt problem.

65 70 75 80
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I HUMP OUT PJI AT A KLPR(.RAM f^rt 1 5. 77 N04/05 IDATA DECK 2

* SLAe ELT. SAMPLE PROBLEM FOR TRUMP RE'(IRT. 2/27/68. 20.161 "404/hi
… 

NC CATA CARRYOVER FROM PRECEDING PROBLEM.

WIMI = 25 CAL/G. TIM) 50.0. TIME 0-200 SEC.
THIS PROBLEM DES NOT USE EN. CHEM, OR FLOW SUBROUTINLS.

DATA LCC9 I

IPRINT NUH KDATA KSPEC MCYC MSEC NPUNCH NDOT IRITE ITAPE TIMEP SCALE
120 0 0 0 0 a 0 0 0 0 0. 1.OO0OEDEO

KO KT DELTO SMALL TVARY TAU TIMIAX TMIN TMAX
1 I 1.OOOOOE*12 1.OOCOOE-12 I.OOOOOE*00 0. 2.OOOOOE+02 -1.0D0O3Ee12 1.OOOOE+12

KC KSYP GEOM SIGMA TBASE
I 1 I.OOOOOE+00 1.3550CE-12 2.73150E+02

ICNE ALGNE BONE GONE FONE HONE RONE PONE
1.OOOOE.02 0. 0. 0. 0. 0. U.

OATA eLCCK 11 CRT PLOT CONTROLS, SCALE OEFFICIENTS, AND TIME PLOT NODES.

JFIC LCGR LOCTEM LOGTtM FRADI FRAD2 FTEMPI FTEMP2 FTIMEI FTIME2
15 3 3 4 -5.OOOOE-0l 1.OOOOE+OC 1.0000E4&2 -. OOOOE+OD L. I.O01t+0C

00
IT

NCCES FCR TEMPERATURE VS TIME CRT PLOTS. MAX = 12
[MJDEX 1 2 3 4 5 6 7 8 9 13 11 12 13 14 15 16

NCCE 1 2 3 4 5 6 7 8 10 12 14 16
_ _ _ _ _ _ _ - -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -_ _ _ _ _ _ _ _ -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Fig. 6. Slab melt. Sample problem for TRUMP report.



DATA LCCK 2 MATERIAL NAMES, NUMBERSg _HEMICAL COMPONtNIS, AND THLRMAL PROPERTILS.

KAVE ATL INDEX KA KH LTABC LTAHK DENSIIY CAPACITY CONDUCTIVITY TMtLI HMELT
SPELT 50 1 a a C 0 I.OCCCE+00 I.COOOE*00 l.000E+Ou 5 .00O0 L +1 2.50'.t4,l

= =_===_ Z====,l==== ===== ===== ===== -- ===== =====--- ===== ===== 

DATA eLCcK 4 NODE NUMBERS, MATERIALS, TYPES, AND DIMENSIONS.

NCCE INEEX MATL NTYPE OLONG
-I 1 50 2 0.
1 2 50 0 1.ooo00L+0o
2 3 50 C 1.COCOCE*CC
3 4 l C 1.0COOOE+CC

D IDE DRAD
0. 0.

J

4
5
6
7
8
19
10

12
13
14
2 5
16
17
18
19
20

22
2 3
24
25
26
27
28
29
30
3 1

5
6
1
8
9

I1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

5n
50
50
50
50
50
50
50
50
5C
50
50
50
50
50
50
5G
50
50
50
S C

50
50

5050
50
50
5C

0
a
C
C

a

C
0
0
C
C
0
a
C
C
0
a
C
C
0
0
C
C

0

C
0
C

-

1.OOOOE+00
1.0000E+CC
1.OCCOCE+CC
1.0000E+00
1.OCOOOE+CC
1.OCOOOE+OO
1.OCOOOE+CC
l.OOOOOE+00
l.OOOOOE+OO
1 .OCO0OE*CC
1.OOOOOE *CC
1 .OOOOOE+ 00
1.OOOOOE+00
I .OCOCCE4CC
1 .QOOOOE*CC
I .OCOOOE+OC
I .o0OOOE+OC
2.0COOOE*CC
2.OOOOCE+00
2.00000EeOf
2.00OCOE *Co
2.QCQOOE.CC
2.00000E+CO
2.OCOOOE+03
2.00000E *aC
2.CGO0OO +ac
2.OGOOOE+O0
4.oCOOOf+O0

1.COOOGE+00 1.OOODOE+00
1.COOOCEOC 1.0000E+00
1.00000E+00 1.000GOE+40
1.COCOOE+00 1.00000E+00
1.COOOOE+00 1.00000E+00
1.COOOCE+00 1.OOOOOE+00
1.OOOOCE+00 1.00000E+00
1.OOOOOE+00 1.0OOOOE+00
1. COOOOE+00 1.00000E+00
I. 0000E*00 I.0000E+00
1.OOOCL+03 1.OOOOOE+*0
l.C000GE+00 1.00000E+O0
I.CGOCCE+00 1.OOOOOE+00
1.COOO0E+00 1.00)GOE+00
1.COOOCE+00 1.000C0E+00
I.COOOOE+00 1.00000E+00
1.C000CE+00 1.00000k+00
I.00000E+00 1.000C0E+00
1.COOOCE+00 1.OC000E+00
I.COOOOE+00 1.OOOOE+00
1.COOOCE+00 1.00000E+00
I.OOOOCE+00 1.00000E+03
1.COOOOE+00 1.0000k+00
1.COCOCE+00 1.OOCOE+00
I.CJOOCE+Ou 1.00000E+00
1.00000E+00 1.00003E+00
l.rjQ000E+00 1.00000E+00
l.OOOOOE+0V 1.00000E+00
1.0000CE+OC 1.00003E+00
1.00000CE+t0 1.0000E+O00
1.0100CE+0C .OOCOOE+00

VOLUMt
I .OOOOE-24
1 .00o00 E30
I .1,0000E*0o
1.00O00E+3;)
1.00000E+3)
1.30000 E0ij
1.00000E*00
1.00000E+40
1.JOOUrE+30
1.uDOOOE4O)
1.00000E+O0
1.30000E+30
1.00000E+DO
1.30000 E.0
1.0000E+31
1.0CG00E+3-
1.00000E+0
l.0OCOOE40)
1.00000E+30
1.00003E+3:1
1.0OOOJUE+IO
2.0000OE+0J
2.0600tE+0.
2.o0000E+3)
2.00000E+03
2.OOOOOE+0o
2.30000CE+.0
2.00GG0E+D
2.000OOE40i
2.00000E +.0'
20.00OOE+0-
4.0C000E+:+0

_

Fig. 6. Slab melt. Sample problem for TRUMP report (continued).



*(panUo.quoD) IJodat agfg zoj tualqoid adureS *atu qelS 9 a

00+3C00001
00+300o 1
00.10000'
00+30000'1
00+300Co' 
00+3JOOO-I
O.+ 3"OCO' 
00+30000 1
003''0001
00+3U000' I
00. Z00O0' 1
00+90000*I
0C+1000 I
00+30000'1
00+30000'1
00+30000'!
0C+3C.00-1
00+30000'1
00+ 30000 1
oo 00001
00+30000'1
00430000*1
00o 0000 
00+30000't
00001
00+ 30000 1
00+30000'1
00+30000*I

V3'dV

*0

*0
*0

00

*0
00

00

00
*0

'O

*0

'0
'0
I 0a 

o 

o 

o 

o 

o 

o 

o 

INI'

Z1+30000'1
Z1+30000'1
Zt+30000'1
Zl+30000-1
Z1+3000001
Z1+30000'I
Z1130000'1
Z1.30000' 1
Zt+30000' 1
Z1+30000'I
ZI+30000' 
ZI+3000001
Z1+30000'1
ZT+30000'1
Z1+300000'
Zl+30000'1
Z1+3000001
Z1+3000001
Z1+3000001
ZI+30000'1
Z1+30000'1
Z1+30000'I
Z1+3000001
Zl+30000-1
Z1+30000-1
Zt130000!1
Zl+30000-1
Z1+300001

iNIH

00+3000001
00+30000*1
00+30000'!
00+30000 '1
00+30000'I
00+30000 1
00+30000'1
00+30000*1
00+30000-1
00+30000-1
00+3000D'I
00+30000*1
00+90000 *1
00+30000*I
00+3000001
00+30000*1
00+3000001
00+30000-1
00+30000'1
00+3000001
00+30000 1
00+30000-1
00+30000' 
00+3000001
00+300000 1
00+30000-1
00+3000001
00+30000'1

Gvmca

00+30000'1
00+3000001
00+30000'!
00+30000'1
00+30000-1
00#3000001
00+30000'1
00+30000.1
00+30000'l
00+30000-1
00+30000'1
00+30000'1
00+30000 * 1
00+30000!l
00+30000'1
00+30000'1
00+3000001
00+30000'1
00430000'!
00+30000'1
00+30000-1
00+3000D'I
00+30000-1
00+3000001
00+30000*1
00.30000'!
00+30000'1
00+30000'1

9NO10

00+3000001
00+3000001
00+30000'1
00+30000'1
00+30000'I
0030000'1
00+30000'1
00+30000'1
10-30000-S
10-30000'S
10-30000'S
10-30000'S
10-30000*S
10-30000-S
10-30000"S
10-30000-S
10-30000'S
1D-30000'S
10-30000'S
10-30000*S
10-30000'S
ID-3D000DS
10-30000'5
10-30000'5

10-33000-5
10-30000-5
10-30000-S
10-30000-5

Z130

00+30000'1
00+30000-1
00+3DOOOl
00+30000'!
00+30000-1
00+3D0001
30+30000'1
10-30000'S
10-30000-5
10-30000'S
10-30000'S
10-30000'9
10-30000-5
10-3DOOOS
10-30000-5
10-30000-S
10-30000-S
10-3DOOO'S
10-30000-5
10-30000-S
10-30000-5
10-3DOOOS
10-30000'S
10-30000-S
10-30000'9
10-30000'S
10-300009S

1130

8Z BZ
LZ LZ
9Z 9Z
5Z 5Z

Z lZ
EZ El

IZ IZ
OZ OZ
61 61
8! 8!
LI Ll
91 91
5! 51
t1 1
El 

1! 11
0! 01
6 6
Q 8
L L
9 9
S S

£
Z Z
'I NI 5-
X8ONI Z03N

LZ
9Z
5Z

11zCZ

ZZ
l
OZ
61
el
Li
91
51

El

TI

01
6
8
L
9
s
t,

£

l
I
1-
1304J

coI
co
I

*SNO0IdIVIS3M aN SV38nN 30ON N0I13NNOO 1VYN31NI S W33Oa vivo

004300000'9 00+300000'1 00+3D0000' 00+3000008 0 05 1, 0
OC.300000-9 00+300000'1 00.300000'1 00+30000008 0 0 0 6
OC+300000R 00.300000'! 00+300000'1 004300000'8 0 05 6£ 8E
C+300000'9 00+300000'1 00+3D00001 03+300000'8 0 OS 8£ L£
00.300000'9 00+300000'! 00+300000'! 004300000'9 0 0S L£ 9£
OC+300000", 00+300000'1 00+300000'! 00+300000'0 0 05 9E Se
00+300000'-' 00+300000-1 00+300000'1 00+300000' 0 05 SC E K
00+300000", 00+300000'1 00+300000'! 00+300000", 0 05 YE EE
00+300000", 00.300000'1 00+3DOODD- 00+300000'" 0 05 E£ Z£



-

28 29 29 l.OOOOE+00
29 30 'O 1.0OOCE+O0
30 31 31 1.0000E+00
31 32 32 2.OOOOE+00
32 33 33 2.OOOOE+00
33 34 34 2.OOOCE+OO
34 35 35 2.0000E+00
35 36 36 2.OOOOE+00
36 37 37 4.00OOE400
37 38 38 4.OOOOE+00
38 39 39 4.OOOOE+00
39 40 40 4.000E+00

1.OOOOE+00
IlvOCCE+00
2.000CE+00
2.OCOOE+OC
2.OOOOE+00
2.0000E+00
2.00 E+00
4.0000E+00
4.OOOCE+CC
4.0000E+00
4.OOOOE 00
4.0000E+OL

1.0000E+00
1.OOOOE+00
l.OOOOE+00
l.OOOOE+00
1.OCOOE+00
1.OOOOE+00
1.OOOOE+00
1. OOOE+00
1. 00 E+OO
1.OOOOE+00
1.OOOOE+00
I.OCOOE+00

1 .OOOOEtOOI * OOOE +00)
IsQ OOOE+001.OOOOE+00
I.OOOOE+00

. OOOOE+00

I *OOOOE'e00
l.0000E+00

1.QOOOE+OO
1.OOOOE+00
l.OOOOE+00
t.OOOOE+O0

I.OOOOE+12
I .OOOOE+12
I .OOOOE+12
I .OOOOE+12
I .OOOOE+12
1 .OOOOE+12
1.OOOOE+12
1.OOOOE+12
I .OOOOE+12
1.OOOOE+12
1 .OOODE+12
I .0 00E+12

U.
0 .
0.3.
0.
0.
0.

.
0.
0.
0.
0 .

1.O JO) E +*U

I.010; C+'C,

I. O DE +r0
1 .0Oc~o #lt~01.OjOiE+30

l.0O0:E+0G
1 w000nL *00

1.000t,+3(.,
I .000 *00

CD
1P

DATA LCCK 6 EXTERNAL CONNECTION NODE NUMBERS AND DESCRIPTIONS.

NCDS NGCSh INDEX LTAHF POWER DLONG DRAD HSURE RSURE ARtAS
-1 2001 1 0 0. 1.OCOOE+O0 1.OOOOE+00 1.OOOOE+08 0. I.OOOCL+C0

DATA LCCK 7 BOUNDARY NODE TEMPERATURES.

NCDe INCEX LTAHT TEMPH SLOPE TIMEB
2001 1 0 0. 0.

CATA LCCK 9 INITIAL CONE)IIIONS.

NCTE INCEX TT AA BB GG
-1 1 C. 0. C. 0.

DATA ENCEC - LAST CARD ( DATA DECK. MORE DATA DECKS MAY FOLLOW.

MACHIN6 TIME N04/10) = 2 SECONDS. CPUI/0,SYS PERCENTS = 37: 62 0

SUPPARY CF INPUT CATA
OLCCK NUFOEER 2 3 4
TIMES REAC IN I C 001

5
CCl

6
001

7 8
1 ~00

9
0r,1

10 11 12
000 031 000

Fig. 6. Slab melt. Sample problem for TRUMP report (continued).



ITEP NAPE
MAX 14IM el SIIZ

MAT
4A

KEM NOE NO) NODS
5 480 120 125

NOD3
20

N ODG
100

NOTE
480

NODf I
80

NODEP
12

NODPI
480

UNPCCIFIEC SIZE 0 C 0 C C U 0 0 0 a
FINAL SIZE 1 C 41 4C I 1 0 1 0 12 0

TABLES CAPT CONT o LT El HStRT TEMPB GT FLOWT TOTAL
0 C C C C C 0 0 O O

MAXIMU.M ALLOWED TABLE LENGTH IS 12.

ARRAY STCRACE REQUIREMENTS.
NWRECD = 18 7*M94*M2 28*M4 12*M5 39 = 31556
NWCHEM = 4*M2 * (6 * 9*M9)*M3 + 10.*4 M3 NOT 01 = 5530
NWGEN8 = 2*M4 + (3 3M.8 (M8 NOT 0) = 4860
NWFLCW = 4*M4 * (9 3*M1 IM10 NOT C) - 5520
NWSURE = 112 * 1*M9*M6 + (5*3*M'))Ml (46 NOT 0) 6820
NWPLCT = 4*M4 * 3-M11 + I M1*M1 (Mll NOT 01 4556
IwEL12 = 80M4 4 512 I42 NO] 0) 6240

TOTAL AJUSTABLE ARRAY STORAGE = 65082

CTIER CTALS NOSPEC NOGEN NORAD NORADS NMELT NREACT
1 0 0 0 1 0

PATERIAL SUPHARY

NAPE MATL NOCES DENSITY CAPACITY TOT VOL TaT MASS TOT CAP TOT HEAT
SPELT 50 41 1.OOOOOE+CO 1.OGCOOE+00 1.oobcoE+02 1.OOOOOE+02 1.03O00E*02 1.DOOOaE+.,4

SYSTEP TCTAL 41 1.OOOOOE+C2 1.00000E+32 1.O0OOOE+02 l.0O00E+%04
* SLAe PELT. SAMPLE PROBLEM FOR TRUMP REPORT. 2/27/68. 20.161 Nt)4/10

PRIKTCUT CYCLE MF MSS KWIT DELTMX SMALL TVAKY UTEMP DIMAXS JUIS
1 0 0 a C 2.22222E-C1 2.22222E-03 1.OOOOOEe00 2.00000E-I 2.

TCTAL TIME TIME STEP HEAT FLOW TEP FROM FLUX FLUX RATE TEMP RATt
l.OOOOOE-12 I.OOOOOE-12 -2.OOO0E-10 -2.00GOOE-12 -2.00300E+02 -2.0003)E+00

CD
0

AVG TEPP H-EAT CAPACITY HEAT CONTENT GEN RATE HEAT GEN TEMP FROM CN
1.00000E+02 1.00000E*02 1.25000E+04 G. O. O.

----------------------------------- _---_____ -------------------------------------------------------

Fig. 6. Slab melt. Sample problem for TRUMP report (continued).



-- - - - I - - - - - - - - - - - I - - - - - - - - - - - - - - - - - - - - - - - --…- - - - - - - - -

NCCE
-
1
2
3
4

7
8
9

10
11
12
13
14
15
16
1 7
18
19
20
21
22
23
24
2 5
26
27
28
29
30
31
32
33
34

--

38

TEMP
2.OOOOE-06
1.OOOOE+02
1 .00OOE402
1.OOOOE+02

I.OOOOE+02

1.00OOE402
I.OOOOE402
I.0000E+02
1.0000E+02
1.OOOOE.02
1.OOOOE+02
I .OOOE+02
I.OOOOE+02
1.OOOOE+02
I.OOOOE*02
1.OOOOE+02
1.00COE4021 .OOOOE+02
1.00OOE402
1.00OOE402
I.00O0E402
1.00OOE402
1.OOOOE*02
1.OOOOE+02
1.00O0E402
1.00OOE402
1.0000E+02
I.OOOOE*02
1.00OOE402

1.OOOOE402
1.000OE402
1.OOOOE+02
1 .OOOOE4021 .OOOOE*02
1.0000E+02
I .OOOOE.02

I.nOOVE+n2
sI .U0(,O1 C _

1 sOIPEn

1) T
2.OOOOE-06

-2.OOCOE-10
0.
0.
0.
0.
C.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
C.
0.
0.
0.
C.
0.
0.
0.
O.
C.
0.
0.
C.
0.
0.

.o

'-.

I.

DI) T
0.

-2.OCCOE+02
C.
0.
C.
0.
C.
0.
0.
0.
C.
0.
0.
0.
C.
0.
0.
C.
0.
0.
C.
C.
C.
0.
0.
C.
C.
0.
0.
C.
0.
0.
0.
C.
a.

C.
0.
6 .

0.

GEN
C.
0.
O.

0.
0.
C.
0.
0.
0.
U.
0.
(.

0.
0.
0.
0.
C.
O.

G.
O.
0.C.
0.
0.
0.

C0.
0.
0.
C.
0.
0.

0.

C.
f

O".

RATW w
2.3O3QE-30
1.2530E+02
1.2500E+02
1.2500E*D2
1.2500 Ee02
1.2500 E+02
1.250CE+02
1.2500k+02
1.250aE+02
1.2500E*02
1.2500E+02
1.2500E.02
1.2 500 E+02
1.2500E402
1.2500E+02
1.25cOE+02
1.2500E+02
1.2500E*02
1.2500E+02
1.2500 +32
1.2500E+02
2.50OE+02
2.5000C*02
2.5000E32
2.5000E+02
2.5003E+02
2.5000E+32
2.5000E+02
2.5000 E+02
2.5000E+02
2.5000E02
5.DOOOE+.32
5.3000E+02
5.0000E+02
5.000E+02
5.3000k+32
1. 3000:+03
L .0o uu t 
1A.^flA~o

1.'

2.000O E-3&
-2.0003 E- .

O.
0.
0.
0.
a .
0.
O.

.
0.
0.
0.
0.
0.
0.
0.
L.

0.
U.

0.
O1.

0.
C .
0.
C.
C.
0.
0.
0.
0.
0.
0.

0.
U.
, .

-2.00CaaIt 10

.

.

J.
.1

U.

0.
J.

O-.

-I

..
C.

,i.

(. 

L.

-J

I.

-.
0.

.

Fig. 6. Slab melt. Sample problem for TRUMP report (continued).



39 I.0000E+02 0. 0. 0. 1.0000i+03 (A. 0.

40 1.0000E#02 0. 0. 0. I.OOOOE403 0. 0.

NCDE TEMP W/F A DA DDA W/F DB DDB

-1 2.OOOOE-O 1.COOOE+00 0. C. O. 0. 0.

…-=_ _ = = = = a= = = =:,= = = = = = = = = = = = s = === = = = = = = = = = = ========3u=====…

MATERIAL CATA

hAM E PATL TOr CAP TOT HEAT AVG TE1P THELT HMELr

SMELT 50 1.00000E*02 1.25COCE+04 1.00CO0E402 5.00000E+01 2.50000E+Ol
=====n===_==,=============== = ===a=====s=========tSg=-======s=…======

NCE CATA. CHECK TOTAL CONDUCTANCES (ZIP) AND TIME CONSTANTS (SLIM).

LARGE CIFFERENCES BETWEEN NODES MAY BE DE C POCR ZCNING, AND AY PRODUCE POR RSULrS.

NCGE MPATL NTYPE RADIUS VOLUME MASS ZAPACITY CONDUCTIVITY ZIP SLI 4

-I 50 2 0. I.OOOOE-24 1.OOOOE-24 1.OOOOE-24 I.OOOOE+00 1.000)E4,8 1.033iC-24

1 50 0 I.OOOCE+CO 1.OOOGE+00 1.OOOOE+0C 1.0000E+O0 1.0000E400 3.OOOOE~uU 3.3333E-O1

2 50 0 1.0000E+00 1.OOOOE+00 1.0000E+00 1.OOOOE+00 1.O000E+0 2.OOOOE+00 5.0300t-)1

3 50 0 1.OOOOE+00 1.0000E+00 1.004E+O0 L.OOOOE+00 1.OOOOE-00 2.0000E+G0 5.0000E-01

4 50 0 1.OOOOE+O0 I.OOOOE+00 1.OOOOE+OO 1.OOOOE+00 1.OOOOE+00 2.00OOE400 5.000E-)1

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0.
0-
0

0

1 .OOOCE+CC
1.0000 E+00
1.0000E +00
1.0000E*00
1.0000 E +00
1 .OOOOE+00
1.0000E+00
I.OOOOE400
1.OOOCE+00
1 .0000E+00
1.OOOOE +00
1 .OOOCE+00
1.OOOCE*00
1.OOOOE+OO

1. OOOCE 001 .OOOCE.O0

l.OOOCE.00
l.OOOOE+00
1. OOOOE 00
1.0000 E 400
l.OOOCE+00

1.OOOOE+00
1.OOOOE+00
I.OOOOE+00
1. OOOOE *00
1.OOOCE+00
1.OOOOE+00
i . OOOOE+00
1. COOCECC
1.OOEOE+00
l .OOOOE+00
1. OOOCE 400
1.OOCCE4CC
I.OOOOE+00
1.OOOOE *00
1. OOOCE +00
1. OOCE *00
2. 0OOOE+00
2.0000E+00
2.000E+00
2.0OOCE+CO
2.000CE+CO

1 .OOOOE 400
1. 0000E +00
1 .OOUOE+00
I. 00 OOE *00
1.0000E *00
I 0000E+00
1. OOOOE +00
1.OOOOE +00
I. OOOOE 00
I.0000E+00
1.0000E 400
1.OCOOE+00
1.OQOOE +00
I .OOOOE*OC
l.OOOOE*OC
.00OGE 400
2. OOOOE *00
2.OCOOE+00
2. OOOOE OO
2.0CO OE +00
2.0000E'-Ou

I.OOOOE+00 1.OOOOE+00
1.OOOOE+00 I.0000E+00
l .OOOOE+00 1.OOOOE+00
.*OOOOE+00 1.0O00E+Oj

l . 0000E+0O 1.OOOOE00
1.OOOOE+00 1.0000E+00
1.OOOOE+00 l.OOOOE*0O
I.OCOOE+00 1 .OOOOEOO
.OOOOE+00 1.0000E*00

l.OOOOEE00 I.0000E+00
1. OOOOE+00 1.0000E*0
1.OOOOE*00 1.0000E400
.*OOOOE+00 I.OOOOE+00
I.0000E400 1.OOOOE+0O
I OOOOE+.0 I.DOOOE+00
1.OOOOEt00 1.OOOuE400
2.OOOOE+O0 1.0000E+03
2.OOOOE+00 .OOOOE+D0
2*0000E+00 1.0000 E+00
2. 000'JE+O 1.0000E+00
2.OOOOE+00 1. 0000E+00

2.OOOOE+00
2 .0030E+e0
2.0033E+L0
2 OOOOE*JO
2 .OOOGE+uC
2.0003E+'GO
2.0030E+O0
2.OOOOE .00

2.D0O0E+O0
2.0000E+uO
2.0030E+00
2.0000E+.O0
2.0032E.LO
2.003uE+4Cv
2.OODOEe-OO
1.6667E+uO
1.1667E+00
1.0033E+00
1.003JE4uU
1.0000E+60

-

5. OOOOE- 1 
5.0001E- 1
5.0003E-OCl
5.0JOLrk- 1
5.00OCE-6 1
5.030C E-.I
5.0CO,-C E-) 1
5.00OL-51
5.0C00E-JI
5.030)E-Cl
5.OOOCE-C1
5.000 C C- C 1
5.030'E-? I
5.0)3-:L-Ll

600ut J, O( - C. 1

1.7143L:' .
2.0,00E+4OO
2.0OCE .00
2.00)Ct *G4CC
2000CCL+CO

-

I .OOO&E+-ou0

Fig. 6. Slab melt. Sample problem for TRUMP report (continued).



- -

26 50 0 1.OOOOE+00
27 50 0 1.COOCEE00
28 50 0 I.C0OCE40C
29 50 C' 1.0000E400
30 50 0 1.OOOOE+00
31 50 0 1.OOOOE+00
32 SO 0 I.OOCE+CC
33 50 0 1.0000E+00
34 50 0 l.000CE+00
35 50 0 l.OOOCE+00
36 50 0 1.OOOCE.0C
37 50 0 1.ooo0E+0O
38 50 0 1.0000E+OC
39 50 0 1.OOOOE+00
Ln n A nnnnnf&nn

2.OOOOE+O0
2.OCOE 400
2.OCCOE+CC
2.0000E+00
2.0000E+00
4.OOOOE+00
4.0C0CE+CO
4.0OOOE+O0
4.0000E4O0
4.OOOOE+00
8.00COE+CO
8.oOCOE+00
8.OCGCE+OC
8.00OOE4CC
a -nnnnxF 

2.0OOOE+00
2.OCOOE400
2-CdOE+00
2.OOOOE+00
2.O0OOE+00
4.0000E 400
4.OOOOE+00
4.000CE+00
4.0000E+00
4.OOOOE+00
8.0000E+00
8.OCOE+00
8. OOOOE *00
8.OCOOE 00
8. Annn *nn

2.OOOOE+00
2 .0000E+00
2.0000E+00
2. OOOOE+00
20000EO+0O
4.0000E+00
4.OOOOE+0
4.OOOOE+00
4.OOOOE+00
4.0000E400
*.0000E+00
8.0000E+00
8.0000E+00
8.00OOE+00
RnnnnpnF 

I.OOOOE+03
1.000E+OJ
I.OOOOE400
1.0000E+00
1.OOOOE400
1.OOOOE+00
l.OOOOE+00
I .DOOE +0)
I.OvOOoE+00
1 .00OE+0
1.0000E+00
I.0000E+40
I.OOOOE+OCv
1.0000E+01)
1 -nr.nFn-Oa

.003JE+C,)
1.0003E+)j
I.0000E.j,
I 000.JE+0)
8.3333E- 1
5.8333E-a1
5.OOOOE- 1
5.0003E-:I
5.000JE-: 1
4.1667E-ul
2.9 167E-;,I
2.5030E-vI
2.5030E-i I
2.5000E-e1
1.'2500El- 

2.!0. £0+Ov
2.001 E +00
2.000f ti*O
2.000 ED33
2.4GOjE +00
6.8571E 30
8.000K£ +nf
8.000C0Et+

9.630041+00
2.7429'l 1
3.2.0-1L*--
3. 200j t+C1
3.2)0 iL *'I
A . ,,IE+;I

= ==== _===== = === ======== = ======== == ==== == ==== === == ======== == =S===== =2===== ===

IKTERNAL CONNECTION DATA. CHECK CONDUCTANCES TRAN).
LARGE CIFFERENCES ETWEEN CONNECTIONS MAY BE DLE To PCCR ZCNING, AND MAY PKOCUCE POOR RESULTIS.

MOC1 N002 AREA HINT RINT IRAN HEAT FLOW AVG RATt
-1 1 1.OOOGE+00 1.0OOOE+12 0. 2.OOOOE+00 2.0000E-10 2.0030E402
1 2
2 3
3 4
4 5
5 6
6 7
7 8
8 9
9 10

10 11
11 12
I2 1 L
13 14
14 15
15 16
16 17
17 18
18 19
19 20
20 21
21 22
22 23

. OOCE4VC
1.OOOCE400
I.UUUULUU
1. OOCE+C
.00CCE+CC
l.OOOOE400
1.OOOCE400
1.OOOE 4C
I.OnOCE#OC
l.OOOCEE00
I.OOOOE+OC
LOOOOE40Q
1.OOO0E+0
l.OOOOE+00
1.0000E+00
1.OOOCE40C
1.OOOCE 400
1.0000E+00
1.OOOOE+00
I.OOOCE40C
1.OOOCE40C
1.OOOOE+OC

1.000CE412
1. 00 E+12
I.UCCUI:+Lz
l.1000E+12
1.CGO0E+12
1. 00CE+12
I .OOCE+12
I.OOOE 12
1 .OCOCE 12
I.OOOCE+12
I .COOCE+12

.iOCCCE±12
1.OOOCE+12
I .OOCE+12
I.000CE+12
1.OCCCE*12
I.OOOCE 12
I .OOOE+12
1.COOOE+12
1 .COOCE4 12
I.OCOCE+12
I.OOCCE+12

C.
C.
U.
0.
C.
0.
0.
C.
0.
0.
0.
C-
C.
0.
C.
C.

0.C.
C.
C.
0.
O.

1.OOOOE+OO
I.OOOOE+00
I .0000E+00
1.COOOE+00
.*OOOOE+00

1 OOOOE+00
. OOOOE+00
.*OCOOE+00
I.OOOOE+00
l.OOOOE+00
1.OOOOE+00
l.OOOOE+00
I.OOOOE+00
1*OOOOE+OO
l .OCOOE0+O
I *COOE+00
I . 0000E+00
1.OOOOE+00

. OOOOE+00
6.6667E-01
5.0000E-01
5.OOOOE-01

O.
3.
a.
0.
0.
3.
a.
0.
0.
3.
3.
0.
0.
0.
3.
0.
0.
3.
3.
0.
3.
3.

O.
0.
3 .

0 .

0 .
.
0 .
0 .
0 .
0 .

.

0 .

0 .
.

0 .
.

.

0 .
O.

Fig. 6. Slab melt. Sample problem for TRUMP report (continued).



2.3
24
.25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

24 I.0000E*00
25 1.OOOCE4OC
26 1.000CE+OC
27 1.ooonE+00
28 1.OOOOE+00
29 l.OOOCE400
30 1.OOOGE+OO
31 1.0000E+00
32 1.0000E+00
33 1.000CE+CC
34 1.0000E+O0
35 1.0000E+OO
36 1.0000E+OO
37 1.000CE+OC
38 1.0000E+00
39 1.000OE+00
40 I.OOoOE+OC

1.OGOOL#12 0.
I -oCOCE 12--e-
1.000CE+12 0.
1.000CE+12 0.
1.0000E+12 0.
1.OCCCE+12 C.
1.0000E+12 0.
1.OOOOE+12 0.
1.0000E+12 0.
1.00CCE+12 O.
1.0000E+12 0.
1.0000E+12 0.
1.OOOOE+12 O.
1.OOOOE+12 0.
1.0000E+12 0.
1.0000E+12 0.
1.000DE412 C.

5.OOOOE-OI 3.
5.QOOGE-01 0.
5.OOOOE-01 Z.
5.OOOOE-01 3.
5.OOOOE-O1 3.
5.OOOOE-01 0.
5.OOOOE-01 3.
3.3333E-01 0.
2.5000E-01 0.
2.5000E-01 0.
2.5000E-01 0.
Z.5000E-01 0.
1.6667E-01 0.
1.2500E-01 0.
1.2500E-01 3.
L.2500E-01 D.
1.2500E-oI 0.

0.
0.

0 .
OJ.

0 .
0.

0 .

0.
0.
0.
0.
0.

.
0.
C.

_ .-

-

co

eCUNDARY NOCE DATA

hCCe TEPPB HEAT FLOW AVG RATE
2001 0. -2.COOOE-10 -2.000(E+02

SYSTEP TCTAL -2.OOOOE-10 -2.oCOUE+G2

EXTERKAL CONNECTION DATA

NCOS NCCSIe AREAS HSURE POWER RSURE TRANS HLAT FLOW AVG RATE
-1 2001 1.OOOOE4OC 1.CCOOE+Oe C. O. l.OOOOE*08 -2.000E-l) -. O0GE+:.2

KCYC O ITERATIONS... TOTAL = O. AVERAGE = 0, MAXIFUM = 0. FOR U.57.)

* SLAE PELT. SAMPLE PROBLEM FOR TRUMP REPORT. 2/27/68. 2'0.161 4O4/10

PPIhTCUT CYCLE MF MSS KWIT DELTMX SMALL FVARY DTEMP D]TMAXS NUIS
7 491 4 1 4.57143E+U0 1.6000CE-02 1*00000E+00 4.69325E-02 6.84504E-Jl 2

TCTPL TIVE TIME STEP FCAT FLOih IEMP FRCM FLUX FLUX RAE TEMP HATt
2.OOOOOE+02 4.36641E-01 -1.78814E+G3 -1.78814E+01 -8.94)71E+00 -8.94071E-02

Fig. 6. Slab melt. Sample problem for TRUMP report (continued).



AVG TE1'P HEAT CAPACITY HEAT CNFENT GEN KATE HEAT GEN 1TMP FRnM bN
8.50820E+O1 1.OOOOCE4C2 1.07121E+C4 0. 0.

-

KrCE
I

-1I
2
3
4

_ _ _ 5
6
7
8
9

10
11
12
13
14
15
16

cIT 1 7
18
19
20
21
22

_ 23
24
25
26
27
28
29
30
31
32
33
34
35
36

TEMP T )i)T
4.4552E-08 -3.72S6E-11 -8.52C9E-II
2.2276E+00 -1.8627E-03 -4.2556E-03
6.6786E+00 -5.4299E-03 -1.2405E-CZ
1.1117E+01 -8.5372E-03 -1.9505E-02
1.5537E#01 -I.C9'IE-02 -2.4974E-02
1.9932E+01 -1.2430E-02 -2.8399t-02
2.4299E+01 -1.2941E-C2 -2.9566E-02
2.8637E*01 -1.2458E-02 -2.8462E-02
3.294IE401 -1.1072E-C2 -2.5296E-02
3.7231E+01 -8.8230t-03 -2.0158E-02
4.1496E+C1 -5.9714E-03 -1.3643E-02
4.5748E401 -2.02C5E-03 -4.6161E-03
5.0000E.01 6.75C2C-14 1.54221-13
5.2668E401 -5.6340E-03 -1.28721-02
5.5329E401 -1.3250E-C2 -3.G273E-02
5.7959E401 -1.9F66E-C2 -4.53eft-C2
6.0544E#01 -2.6015t-02 -5.9435E-02
6.3070E+01 -3.1456E-02 -7.1867E-G2
6.5524E+01 -3.6155t-C2 -8.26GIE-02
6.7896E401 -3.S95E-02 -';.1377E-02
7.0177E401 -4.2935E-02 -9.8093E-02
7.3451E+01 -4.6OC9E-02 -1.0511E-01
7.73q6E+01 -4.6933-02 -1.0723E-01
8.0912E40l -4.57C2t-C2 -1.0442E-C1
8.4010E401 -4.3254E-02 -9.8822E-02
8.6712E401 -4.C193C-02 -9.1828E-02
8.9046E401 -3.6836E-02 -8.4157E-02
9.104?E#01 -3.'337E-C2 -7.6165E-C2
9.2734E401 -2.9791E-02 -6.8063E-02
9.4153E401 -2.6274E-C2 -6.029E-C2
9.5330E+01 -2.2867E-02 -5.2244E-02
9.6782E01 -1.71e5E-C2 -4.lC9CE-02
9.8062E+01 -1.2781E-02 -2.9199E-02
9.8872E01 -8.6738E-C3 -1.98171-02
9.9363E+01 -5.6294E-03 -1.2861E-02
9.9647E401 -3.!2C91-03 -8.0440E-03
9*9878E+01 -1.4722E-03 -3.3635E-03

GEN
0.
a..

0.
C.
0.
0.
a.

C.
0 .
0).
C.

'-
U.C.

L.. .

J -

.

3.

C.
0.
0.
(,.

C.
0.

0.
,I,

a,.

C-..

RATE W H
4.4552E-32 4 .4 5 ~2k:
2.227(,E+33 -1.2277E+02
6.6786E+rj -1.1832Efti
1.1117E+01 -1.1388E402
1.55371+01 -1.0946E+02
1.9932E-01 -1.05i7E4C2
2.4299E401 -1.0073E402
2.8637E.01 -9.6363E*01
3.2946E.01 -9.2054E.01
3.7231E+.1 -8.7769E+01
4.1496Ee31 -8.35041:401
4.5748E+01 -7.9252E+01
5.3IiQ6E+01 -7.1104E+01
7.7668(401 -4.7332E+01
8.3329E.01 -4.4671E+01
8.2959E+01 -4.2041E#Gl
8.5544E+01 -3.9456E+01
8.8070Ee01 -3.6933CE0Ot
9.35241:+01 -3.4476E+01
9.2896E+01 -3.2104E401
q.5177E+Dl -2.9823E.01
1.9690E+32 -5.3D99E~4'l
2.3479E402 -4t.5208E401
2.1182Ee02 -3.8-176E401
2.1jI02E+32 -3.1979E401
2.2342E402 -2.6575E401
2.2809E+02 -2.1907E401
2.3209Ee02 -1.7914E401
2.3547E402 -1.4531E401
2.3831(402 -1.1695Etc1
2.4066E*02 -9 .3 3§41_+00
4.87131:402 -1.2871E+01
4.9225E+02 -7.7531L+00
4.9549E4O2 -4.5133E+G0
4.9745E*02 -2.5485E*00
'4.9859E1D2 -1.4128E40.
9,9902E+02 -9o7583E-L~l

F
1.0O9UL- 73

-1 .2277L+.2
-1.1832L+;2
- 1.13B8bt 42
-1 .0947E i:2
-1.05 7E+j2
-1.0.)71C+02
-9.637TE+01
-9.2071E+01
-8*779)C j1
-8.35?7L+S1
-7.9276t+D
-7.1125 1 .
-4* 7331 L .)I
-4.4681+01
-4.2054t+'01
-3.9468+o11
-3.6941E+'1
-3.4485E+01
-3*2112EtC1
-2.9828E+01
-5.313rE+11
-4.52r)9E+01
-3.8176L+01
-3.1979E4u1
-2.6575E+;1
-2.1907E.01
-1.7914E431
-1.4531E+01
-1.1695C+01
-9. 3394E *40
-1.28711+01
-7.7531E+00
-4.5130E+00
-2.5485E no
-1.4128E+00
-9.7583b-o1

Fig. 6. Slab melt. Sample problem for TRUMP report (continued).



37 9.9969E*0 -4.5152E-04 -1.0316E-03 G. 9.9975E+02 -2.4935E-01 -2.4935E-O1
38 9.9993E40 -1.2289E-04 -2.8076E-04 0. 9.9994E+02 -5.7842E-U2 -5.7842E-02
39 9.9998E*01 -3.C227E-05 -6.9059E-OS 0. 9.9999E+02 -1.2325E-02 -1.2325E-02
40 1.OOOOE+02 -7.9588E-06 -1.8183E-05 0. 1.3000E+03 -2.8143E-03 -2.8143E-D3

NCCE TEMP W/F A DA DDA W/F B DU DOB
-1 4.4552E-08 l.OOOOE+O0 0. 0. 0. 0. 0.
1 2.2276E+O0 1.0000E+O0 0. 0. 0. 0. 0.
2 6.678kE*00 l.COCOE40O C. 0. 0. 0. 0.
3 1.1117E401 l.nOOOE+O C. 0. 0. 0. .
4 1.5537E.01 l.OOaOE+00 0. O. O 0. J.
5 1.9932E401 l.0000E+00 0. 0. 0. 0. 0.
6 2.4299E401 1.0OCOE+00 C. 0. 0. 0. 0.
7 2.8637E+01 1.COOOE+00 0. 0. 0. 0. 0.
8 3.2946E401 1.COOOE+00 0. 0. 0. 0. 0.
9 3.7231E4Q1 I.COOOE+00 0. (. 0. U1. .

10 4.149eE#01 1.COOOE+00 0. 0. 0. 0. u.
11 4.5748E*Ol 1.OOOE+OO 0. 0. 0. 0. 0.
12 5.0000E401 8.4416E-01 2.7380E-02 6.2555E-02 0. 0. 0.
== = = = = = = = = = = = = == = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = =a===

FATERIAL ATA

AVE FATL TOT CAP TOT HEAT AVG TEMP THELT HMELT
SPELT 50 1.OOOOOE.02 1.07l2lEe04 8.50820E+01 5.0000OE*O1 2.50000E.O1

INTERNAL CONNECTION DATA. CHECK CONDUCTANCES (TRANI.
LARGE CIFFERENCES BETWEEN CONNECTIONS MAY BE DUE TO POOR ZNING, AND MAY PROOJCE POOR RESULTS.

NOCI NOC2 AREA HINT RINT TRAN HEAT FLOW AVG RATE
-1 1 I.OOOOE+0O 1.0000E+12 0. 2.OOOOE+00 1.7881E+03 8.9437E+00

1 2 1.OOOCE*00 1.OOOOE+12 0. I.OOOOE+OO 1.6654E+03 8.3268E*CO
2 3 I.OOOCE'OC 1.000CE412 C. 1.CCOOE+00 1.5470E+03 7.7352E*00
3 4 I.OOOCE+00 1.OOOCE+12 0. L.OOOOE+00 t.4332E+03 7.165aE+00
4 5 l.0600E+00 1.OOOOE+12 0. 1.OOOOE+OG 1.3237E+03 6.6185E+JO
5 6 1.OOOOE+O0 1.OOOOE+12 0. I.0000E+O0 1.2186E.03 6.0931E0O0
6 7 l.OOOCEsOC I.COCCE412 C. 1.OOOE+00 1.1179E+03 5.5896E+CO0
7 8 1.OOOCE+00 1.OOOCE+12 0. I.OOOOE+0O 1.0215E+03 5.1077E+OO
8 9 1.OOOOE+0O 1.000CE+12 0. I.OOOOE+00 9.2947E+02 4.6473E+CG)
9 10 I.OOOOE+OC 1.OOOOE+I12 0. I.OOOOE+0O 9.4168E+02 4.2084E*OJ
10 11 I.OO0CE.OC 1.OCCCE412 0. I.OCOOE+O0 7.5815E+02 3.7907E4,uO
11 12 I.OOOCE+OC 1.OOCOE+12 0. l.OOOOE+0O 5.7887E+02 3.3944E*00

Fig. 6. Slab melt. Sample problem for TRUMP report (continued).



I

12
13
1 4
15
1 6
17
18
19
20
21
2 ?2.
2 3
24
25
26
27
28
29
30
3°1
32
33
34

35
36
37
38
39

13 1.0000o+00
14 1.OOOOE+OC
15 1.OOOCE+GC
16 1.OOOOE+00
17 1.OOOOE+00
18 1.OOOOE+O0
19 1.OOCE+OC
20 1.OOOOE+00
21 1.OOOOE+OC
22 l.OOOOE+00
23 1.OOOCE+OC
24 1.OOOOE+00
25 1.OOOOE+OC
26 1.0OOOE+00
27 1.OOOCE+OC
28 I.OOOOE+00
22 1.OOOCE+00
30 1.OOOCE4OC
31 1.OOOCE+00
32 1.OOOOE+00
33 1.O0OOE*00
34 1.OO0CE4OC
35 1.OOOCE+OC
36 1.OOOOE+00
37 1.OOOOE+00
38 1.OOOCE+OC
39 1.OOOCE+00
40 1.0000E+OC

1.OOCOEe12 0.
1.0000E+12 0.
I.COCCE+12 C.
1.OOOOE+12 0.
1.0000E+12 0.
1.OOOOE*12 0.
1.0000E+12 C.
1.0000E+12 0.
1.0000E+12 0.
I.OOOOE+12 0.
l.OCOOE+12 C.
1.OOOCE+12 0.
1.OOOCE+I12 0.
I.OCCCE412 C.
1.OOGCE+12 0.
1.OOOE+12 0.
1.OOOCE+12 0.
1.CCCCEsI2 C.
1.OOUCE+12 0.
1.OCOOE+12 0.
1.OOOOE+12 0.
1.CCOCE+12 C.
1.OOOCE+12 O.
1.OOOOE+12 0.
1.OOOOE+12 0.
I.0000E+12 0.
1.OGOOE+12 C.
1.OOOOE+12 0.

I.OOOOE+C0
1.OOOOE+00
1.OOOOE+00
l.0000E+00
1.OOOOE+00
1. 0000E+00
1.OOOOE+OO
1. OOOE+00
6. 6667E-01
5.OOOOE-01
5 .0000E-0I
5 * OOOOE-0 1
5. OOOOE-0l
5.0000E-OI
5. OOOOE-nl
5.OOOOE-01
5. OOOOE-01
5.OCOOE-O1
3. 3333E-01
2 .5COOE-01
2. 50OOE-Ol
2.5000E-01
2.5000E-01
1.6667E-OI
I 2500E-01
1.2500E-01
I 2500E-01
I .2500E-01

6.3775E+02
5.6040E*02
5 .1571E+02
4.7366E+02
4. 3419E+02
3.9725E+02
3.6276E+02
3.3065E+02
3.0082E+02
2.4772Ee02
2 .0251E+02
1.6434E+02
1.3236E+02
1.0578E+02
8.3876E+01
5.5962E+O1
5. 1430E+01
3.9736E+01
3.0396E+31
1.7526E+01
9.7725E+00
5.2595E+OU
2.7110E+03
1.2982E+0O
3.2233E-01
7 .2981E-02
1.5139E-02
2 .8143E-03

-

3.0387E+vO
2.802OE 40.
2.5786E+%)O
2.3683E+i-O
2.1739E+03
1.9862E.03
1.8138E400
1.6533E+OO
1.5041E+00
1.2386E400
1.0126E+O0
8.2169E-01
6.6179E-01
5.2891E-vI
4.1938E-G1
3.2981E-uI
2.5715hE-U
1.9868E-01
1.5198E-ClI
8.7628E-C2
4.8862E-L2
2.6297E- 2
1 .3555E-u2
6.49D8E-03
1.6116E-C 3
3.6491E-CA4
7.5695E-U5
1.4071E-CP5

-

OCUNDARY = = ==E = = = =

eCUNDARY PhOCE CATA--

'c c 

2001
TEMPe

0.
HEAT FLOW AVG RATE

-1.78elE*C3 -e.59407ECC

SYSTEF TCTAL _ -I.1881E+03 -8.9407E.+0 _-

EXTERNAL CCNNECT IVN CATA

Ncos ccse AREAS HSURE POWER RSUKE TRANS HEAT FLOW AVG RATE
-1 2001 1.OOOOE+0C l.CCCOE+08 C. 0. I.OOOE+08 -1.7881E+03 -9407E403

= = = 2 , == == == == _= == == == == = = = = = = = = = = = = = == =_ == == == == == == == == == == = = = = = = = = = = = _ ==

Fig. 6. Slab melt. Sample problem for TRUMP report (continued).



KCYC = 491, ITERATIONS... TOTAL = 1769, AVERAGE 3, AXIMUM = 26. FOR = .570 

ENDEO Pe 2 KCYC = 491 KWIT = 1 SUPTlF = 2.00030E+02 2U.161

KWIT...I=TIPAX, 2=TMAX, =TMIN, 4S.S., 5=DATA, 6=CARD CR KEY, 7CYC, i=MSEC, 9=eLK 2 OR 4,

10=CCNVERCENCE FAILURE, ll=PROBLEM SIZE LIMIT, 12=TABLE LENGTH OR ORDER.

N14/ 1

MACHIN6 TIME N04/10) = 28 SECONDS. CPUI/OSYS PERCENTS = 64:35: O

Fig. 6. Slab melt. Sample problem for TRUMP report (continued).
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position vs time for temperature-drop isotherms spaced 5C apart from 5C to 95°C,

and the analytic solutions for the phase interface temperature (50 0C) and temperature

drops of 5C and 950C, are shown in Fig. 7. Agreement of isotherm positions is within

1/4 of a node thickness for the entire range shown. The discontinuities in slope are

caused by the use of nodes of finite thickness. The phase interface must actually move

discontinuously from one node to the next.

A total of 493 time steps is required to reach a problem time of 200.0 sec for an

average time step of 0.41 sec. The required machine time is 61 sec, or 1.0 msec per

time step per calculational item (see Section IV.F). A total of 1621 iterations is neces-

sary, or an average of 3.3 per time step. The most used in a single time step are 25.

Nodes 1 through 20 are reclassified as special nodes after about 300 time steps. There-

after, the initial estimates of temperature changes are inaccurate because of the dis-

continuous rates of change, so that several iterations are required for convergence.

3. Nitrocellulose Cylinder

An experimental apparatus consists of a long hollow cylinder of nitrocellulose

with inner and outer radii 2.0 and 3.0 cm, containing a concentric solid cylindrical

heater core. The space between them contains air, and the outer radius of the nitro-

cellulose is exposed to air. For a constant heat-generation rate of 0.4 cal/sec-cm 3 in

the heater core, two cases are calculated: (1) the steady-state radial temperature

distribution, assuming no chemical reaction takes place in the nitrocellulose, and

(2) the time of ignition, assuming the nitrocellulose undergoes a first-order decompo-

sition reaction and the rate constant has an Arrhenius temperature dependence:

K = exp (48.3 - 50000/1.987 T) sec 1 , (II.G.3.1)

where T is in K. The heat of reaction is 800 cal/g.

The system is initially at 251C, and the air outside the nitrocellulose is maintained

at 250C. It is assumed that the system is long enough in the axial direction that axial

heat flow is negligible. Heat may flow across the air gap by convection and radiation.

The surface emissivities for the heater and nitrocellulose are 0.8 and 0.9, so that the

radiation new factor for this geometry is given by

1 0.809. (II.G.3.2)
L+

El r2 2

To model convective transport across the air gap, the thermal conductivity specified

for air is 0.0005 cal/sec-cm-°C, or about 6 times its normal value for the expected

temperature range, corresponding to film thicknesses on each surface of about 0.08 cm.

Inaccuracy in this estimate primarily affects the calculated heater-core temperature,

and not the nitrocellulose inner-surface temperature, except indirectly by changing the

effective heat-transfer coefficient for radiation, which accounts for about half the heat
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flow across the air gap. However, the change is in the direction which compensates

for any error in the convective-transport coefficient. In a real problem, a range of

values could be used to determine the effects on the solution.

At the outer surface of the nitrocellulose, it is assumed that heat transport takes

place by free convection, with a convection coefficient given by

h = 0.0002 (T - Tair) (II.G. 3.3)

where T is the surface temperature of the nitrocellulose. The same type of relation-

ship could have been used for the inner air gap, but different methods were used for

purposes of illustration.

The heater core has a density of 2.5 g/cm , a specific heat of 0.6 cal/g-oC, and

a thermal conductivity of 0.01 cal/sec-cm-OC. Only the thermal conductivity affects

the steady-state solution, and that effect is small, since most of the thermal resistance,

and therefore the largest temperature drops, are across the air gap and in the nitro-

cellulose. In the transient calculation, the heat capacity is important only at short

times, when the rate of heat flow across the air gap is small compared with the rate of

heat production in the core.

The air has a density of 0.001 g/cm3 and a heat capacity of 0.3 cal/g-C,

neither of which has any significant effect on the calculations. The nitrocellulose has

a density of 2.0 g/cm , a heat capacity of 0.25 cal/g-OC, and a thermal conductivity of

0.0005 cal/sec-cm-OC. Only the conductivity is important in the steady-state calculation,

but all three values are important in the transient solution involving chemical reaction.

The input data for the steady-state problem are shown in Fig. 8. For simplicity,

the zoning is somewhat coarse for this type of problem. Finer zoning would be used in

an actual problem, perhaps by a factor of 3 to 5. Zero-volume nodes 2, 4, and 10 are

used to model the surface temperatures at the outer radius of the heater core, and the

inner and outer radii of the nitrocellulose cylinder, respectively. The heater core is

modeled by node 1, the air gap by nodes 31, 32, and 33, bounded by the radii 1.0, 1.8,

1.9, and 2.0, and the nitrocellulose by nodes 5, 6, 7, 8, and 9, bounded by the radii

2.0, 2.1, 2.2, 2.4, 2.7, and 3.0. The nodes are described in BLOCK4of the input data,

each with an axial length of 1.0 for DLONG, the radial thickness for DWIDE, and the

arithmetic mean radius for DRAD, which results in the correct volume when the sym-

metry factor KD is 2. The thermal connections are described in BLOCK 5 of the input

data, each with the heat flow paths DELl and DEL2 measured from the arithmetic mean

radius of each node to the node interfaces. More accuracy would be obtained if the

node interfaces were located at log mean radii (geometric mean in a spherical system)

between the nodal points, but the improvement is not significant unless the radial thick-

ness of a node exceeds 20% of its average radius. Finer zoning usually makes this

correction unnecessary-except possibly in the first two or three zones at the center

of a solid cylinder (or sphere), if the thermal conductance there significantly affects

the calculation. Radiation transport is specified between nodes 2 and 4 with a thermal
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NITROCELLULOSE CYLINDER. SAMPLE PROBLEM FOR TRUMP REPORT. 2/27/68.
.(lTE. NO REACTION. FIND STEADY STATE TEMPERATURE DISTRIBUTION.
NOTE. THIS PROBLEM OCES NOT USE CHEM OR FLOW SUEROUTINES.
BLOCK 1 TVARY 20.0 FR FAST S.S. CALC. DELTO 1000.0 FOR CONVERGENCE.

9999 4 1
2 1000.0 20.0

2S.0
BLOCKI1 GET FINAL TEMP VS RADIUS PLOT. NO TEMP VS TIME PLOT.
-9999 100

* 

BLOCK
CORE
AIR
NC-NR

2 MATERIALS ARE HEATER CORE, AIR, AND NON-REACTIVE
1 2.5 0.6 0.01
2 1.0 E-3 0.3 5.0
3 2.0 0.25 5.0

NITROCELLULOSE.

E-4
E-4

8LOCK 4
I
2

31
32
33
4
5
6
7
8
9

10

USE ARITHMETIC MEAN AVERAGE RADII TO GET CORRECT VOLUME.

I

2
2
2
3
3
3
3
3
3
3

1.0 I.0

1.0
1 1.0
I 1.0

1.0
1.0
1.0
1.0
1.0

0.8
0.1
0.1

0.1
0.1
0.2
0.3
0.3

0.5
1.0
1.40
1.85
1.95
2.0
2.05
2.15
2.301
2.55
2.85
3.0

BLOCK 5
I
2

31
32
33

2
4
5
6
7
8
9

USE
2

31
32
33
4
4
5
6
7
8
9

10

ACTUAL NCOE
0.5
C.0
C.4
0.05
O.05

0.0
0.0
O.05
C o*
0.1
0.15
0.1

INTERFACES
0.0
0.4
0.05
0.05

5 0.0
0.0
0.05
0.05
0.1
0.15
0.15

5 0.0

FOR INTERFACE
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0

1.0
1.0
1.0
1.0

RADII.
1.0

1.0
1.8
1.90
2.0
1.0
2.0
2.10
2.2
2.4
2.7
3.0

0 .809

BLCCK 6 OUTER SURFACE CCNNECTED TO 25-DEG EXTERNAL TEMP BY H = 0.00G2
10 101 1.0 3.0 2.0 E-4

BLOCK 7 EXTERNAL TEMP IS 25.0 DEGREES C. BOUNDARY NODE 101.
101 25.0

BLOCK 9 NODE I AS HEAT GENERATION RATE 0.4 CAL/SEC-CC.
1 0.4

. 333

ENDED-I END OF TRUMP NITRCCELLULOSE STEADY STATE PRCBLEM.
COL 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Fig. 8. Input data for nitrocellulose cylinder problem. (Steady-state calculation.)
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connection for which DELI and DEL2 are zero, the area specified is at the inner radius,

and RI'NT is 0.809, calculated by Eq. (II.G.3.2).

The convective heat-transport boundary condition, Eq. (II.G.3.3), is obtained by

connecting node 10 to boundary node 101 in BLOCK 6, specifying 0.0002 for HSURE and

0.333 for POWER. Boundary node 101 is assigned a constant temperature of 250C in

BLOCK 7. The initial conditions are obtained by assigning TONE in BLOCK 1 a value

of 250C, which will be assigned by the program to all the nodes. A heat-generation rate

of 0.4 cal/sec-cm3 is assigned to node 1 in BLOCK 9. The material properties are

assigned in BLOCK 2.

For the steady-state calculation to obtain a fast solution, TVARY is 20.0. DELTO

is 1000.0, to prevent oscillation caused by the radiation transport connection when

approaching steady state. The same result could be obtained by using a smaller value

of TVARY, such as 5.0, which is more certain. A proper value of DELTO can only be

chosen after the calculation has been attempted, and the size of time steps for which

the iteration procedure failed to converge noted. To limit numerical output, IPRINT is

9999, so that printouts are obtained only for the first, second, and last time steps.

KDATA is 1 to obtain all optional summary output data on these time steps. NUM is 4,

so that a printout of the temperature of node 4 will be obtained at the end every time

step, for later comparison with the reaction calculation.

A final plot of temperature vs radius is obtained by assigning a value of -9999 to

JPIC. LOGR is 100, to obtain interpolation between points on the plot.

Numerical output data for the steady-state calculation are shown in Fig. 9. Be-

cause of the large value used for TVARY, significant errors (up to 10%) occur in the

heat balance, particularly in node 1; but these are transient errors, having no effect

on the final steady-state temperature distribution or the final rates of heat flow. The

steady-state temperature distribution is shown in Fig. 10.

The input data for the reaction and ignition calculation is shown in Fig. 11. Maxi-

mum use is made of input data already read in from the preceding steady-state problem,

by assigning a value of 2 to the data carryover control parameter in column 72 of the

Problem Name card. A new BLOCK 1 is included to make SMALL 0.002 sec, TVARY

2.0OC, and TMAX 400.0OC, with other input values the same as before. SMALL is

specified to limit the number of time steps used to reach the arbitrary ignition tem-

perature of 400'C, rather than letting TVARY continue to control the size d the time

steps after reaction begins. A new BLOCK 11 is included, in which JPIC is -5,

LOGTLM is -4, and all the nodes in the system are specified for the temperature vs

time plots. Temperature vs radius plots are obtained every 5 time steps, and both

linear and 4-cycle log scales are obtained for the time scales on the temperature vs

time plots. LOGR is 100, as before, to obtain interpolation on the temperature vs

radius plots. A BLOCK 2, type B, is included to change the description of nitrocellulose

to specify that it contains reactant 1, which is described in BLOCK 3. A BLOCK 9,

type B, is included to assign an initial reactant concentration of 1.0 to nodes 4 through 10.
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(PUPP OUTPUT DATA PROGRAM DAIE 15.774 N04/05 DAT A DECK 3

NITPIC(ELLULOSE CYLINDER. SAMPLE PROBLtM FR IRLPP REPCRT. Z/27/68. ** 20.172 404/10

NC CATA CRRYOVER FROM PRECEDING PROBLEM.

NO REACTION. FIND STEADY STATE TEMPERATURE ISTRIBUTION.
THIS PROBLEM DOES NOT USE CHEM OR FLOW SUBROUTINES.

DATA LCCK 1 TVARY 20.C FOR FAST S.S. CALC. DELTC 1000.0 FOR CONVERGENCE.

IPRINT NUP KCATA KSPEC MCYC MSEC NPUNCH NOT IRITE ITAPE TIMEP SCALE
9999 4 1 a C G O O 0 0. 1.00000E*O0

KC KT CELTO SMALL TWARY TAU TIMAX TMIN TMAX
2 1 1.O0OOOE.03 1.00000E-12 2.OOOOOE+0I 0. 0. -1.OOOOOE+12 I.OiOO)tE12

$C KSYP GEOM SIGMA TBASE
2 1 6.28319E*00 1.35500E-12 2.73150E+02

TCNE ALCNE BONE GONE FONE HONE RONE PONE
2.5000E*01 0. 0. C. C. 0. 0.

DATA LCCK 11 GET FINAL TEMP VS RADIUS PLOT. NC TEMP VS TIME PLOT.

WILL AKE TEMP VS RADIUS PLOTS

JPIC LCGR LOCTEM LGTIM FRADI FRAD2 FTEPP1 FTEwP2 FTIME1 FTIME2
9999 0 0 a 0. 1.OOOOE*00 3. l.O000E+03 0. 1.000E+00

DATA eLCCK 2 MATERIALS ARE HEATER CORE, AIR, AND NON-REACTIVE NITROCELLULOSE.

NAME PATL INDEX KA KB LTABC LTABK DENSITY CAPACITY CONDUCTIVITY TMELT HMELT
CCRE I 1 0 0 0 0 2.5000E+00 6.OOCOE-OI I.OOOOE-02 0. 0.
AIR 2 2 0 0 0 0 I.OOOOE-03 3.0000E-OI 5.OOOOE-04 U.
NC-NR 3 3 0 0 C C 2.COOOE+00 2.500E-01 5.0000E-04 0.

Fig. 9. Nitrocellulose cylinder. Sample problem for TRUMP report. (Steady-state calculation.)



DATA LCCK 4

NCDE INCEX
1 1
2 2

31 3
32 4
33 5

USE ARITHMETIC MEAN AVERAGE

MATL

1
2
2
2

4 6 
5 7 3
6 8 3
7 9 3
8 10
9 11 3
10 12 3

NTYPE F)LONG
C 1.OCOOOE+CO
2 0.
C 1.OCOOCE+O0
3 1.OOOOOE+0o
3 1.OCOOOE+CO
2 0.
C 1.OOOOOE+C
O 1.ODOOOE+00
O 1.OCOOOE+CO
C 1.0CC0OE+CC
C l.OOOOOF+CC
2 0.

DWIDE
1. OOOCE+00
C.
8.0OOO0E-01
l.OOOOOE-Ol
1.COOOOE-01

RADII TO GET

DRAD
5.DOOOOE-0l
1.OOOOOE.O0
1.40000E+00
1.85000E.00
1.95000E+00
2.0000E.00
2.05000E+OO
2.15000E+O0
2.30000E+00
2.55000E+00
2.8500E+00
3.OOOOOE.OG

CORRECT VOLUME.

Vl)LUME
3.14159E+3o
I.v0OOOE-24
7.03717E+00
1.16239E+33
1.22522E+3o
l.OOOOOE-24
1.28805E+3
1.35088E+OC
2.d9027E+DO
4.8u664E+O03
5.37212E+.)
1.00JO0E-24

C.
1.COOOCE-0l
1.OOOOCE-01
2.aooooE-o1
3.CUOOCE-01
3.00000E-01
C .

CATA =LQC= 5 _SE ACTAL=NODE F===,==C======= R === ==R.===
CATA LOCK 5 LSE ACTLAL NODE INTERFACES FCR NTERFACE RADII.

I

bfCI1 NC2AiCE CiLI 1 E.2_
1 2 1 5.OOOCE-01 0.
2 31 2 0. 4.000CE-ol

31 32 3 4.003CE-01 5.OCCOE-02
32 33 4 5.OOOCE-02 5.COCCE-C2
33 4 5 5.COOCE-02 0.

_ 2 _ 4 6 0. 0.
4 5 7 C. 5.0C0CE-Oe
5 6 8 5.OOOCE-02 5.CC6CE-C2
6 7 9 5.OOOCE-02 l.OGOCE-CI
7 8 10 I.OOOCE-o1 1.500CE-01
8 9 11 1.500CE-01 1.500CE-C1
9 10 12 1.500CE-01 0.

Di INC. nfRAnO H I Nr RI Nr
_, v V __ _ ' ' ! ' *

1.OoooE+OC
1.COOE+00
I.OCOtE+00
1.OCCOE+00
1.OOOOE+0L

.1 .OCOuEi+O•L
1. OOOOE+oc
1.OCCOE+Cu
I. 0oo0E+CC
1.COouE +CO
I . OOOGE +G
1.CCCOE+4G

1.OOOOE+0o
l.OOOOE+OO
1.8000E+O0
1.9000E+00
2.OOOOE+00
LQ)0cE +ot
2 .OOOOE+OC
2. 1COOE400
2.2000E+or
2.4000E+O(u
2 7000E+nO
3. 0COOE+00

I .OOOOE+12
I .OOGC E+12
I.OU00OE*12
I .OOOOE+12
1 .OOC')E+12
I. .OJLE-24
1.000 E+12
1.OOOJE+ 12
1 .OOOOE+12
I .JUGE4 12
I .OOO(E+12
1.AOCUDE+12

_

0 .C. 

0.
0.
8.093E- 
D.
0.

.

I,.
3.

Li .

A4 i- A

__ _

6.243zL+ )
6.28632E+£
1.131CE+-I
1.1 )38E )I
1.2 566+ -- I
6.2 32 L + J
I . 26fw * 
1 . 31 )bL I
1.3823Ff 1._
1 .SJ Hi *iL ,
1.6965 -t A
I . 850L #')I

DATA eLCCK 6 OUTER SURFACE CONNECTED TO 25-DEG EXTERNAL lEMP BY H = ..)l,2

NCCS NCCSF INCEX LTABI POWER l)L('NG IRAD HSURE RSURE ARLAS
10 101 I C 3.330CE-'l I. 000GE+0C, 3.OOOOE+00 2.3u33E-34 D. 1.8850L+M

DATA LCCK 7 EXTERNAL EMP IS 25.0 DEGREES C. BOUNDARY NE W1.

NCCE INCEX LTABT TEMPB SLOPE TIMEB
101 1 0 2.5000COE+Cl 0.

Fig. 9. Nitrocellulose cylinder. Sample problem for TRUMP report. (Steady-state calculation.) (continued)



DAT6 eLCCK NODE I HAS HEAT GENERATION RAIE 0.4 CAL/SEC-CC.

NCTE INCEX TY AA Bo GG
1 1 2.500000E+C1 0. 0. 4.000000E-01

=_====== = _ === == = == ===== = === ===== = ======= =

DATA ECEC -1 END OF TRUMP NITROCELLLLOSE STEADY STATE PRCBLEM.

VACHINE TIME (N04/10J = 2 SECONDS. CPUYI/OSYS PERCENTS = 36

I
0

SUPPAIY C INPUT CAIA
8LCCK NUMeER 2 3 4 5 6 7 8 9 10 11 12
JIpFS REAC IN I 0 CO1 001 001 1 000 001 000 001 000
ITEM NAME MAT KEH NODE NOD1 NODS NCOB NOOG NCTE NOOFI NODEP NOOPI
PAXIIMU M SIZE 40 5 480 12CC 125 20 100 480 80 12 480
UNMCDIFIEC SIZE 0 a 0 0 0 C 0 3 0 D 0
FINAL SIZE 3 C 12 12 1 1 0 1 0 0 0

TYALES CAPT CUNT Q1 ZI Et HSLRI IEMPB GT FLCWT TCTAL
0 0 C 0 0 0 0 0 0 0

MAXIMUM ALLOWED TABLE LENGTH IS 12.

ARRAY STCRAGE REQUIREMENTS.
NWRECD = I8 7M9)*M2 + 2*M + 12OM5 + 3M9 31556
KWCHEM = 4*M2 + (6 9M9)*M3 IO*M4 M3 NOT 0) = 5530
KWGEK8 = 2*M4 * (3 3M9)*M8 (M8 NOT C) = 4860
NHFLCW = 4*M4 + 19 3M9)*MIC IM10 NOT C) = 5520
NWSURE = (12 3*M9)*M6 + 5+3*M9)*M7 M6 NOT C) = 6820
NWPLCT = 4*M4 4 3*MII 4 (I + 1I)*M1 MlIl NO] C) = 4556
NWEL12 = 8*M4 4 5*M12 (M12 NOT 0) = 6240

TGTAL ADJUSTABLE ARRAY STORAGE = 65082

OTHER CTALS NOSPEC NOGEN NORAD NORADS NMELT NREACr
5 1 1 0 C C

Fig. 9. Nitrocellulose cylinder. Sample problem for TRUMP report. (Steady-state calculation.) (continued)



MATERIAL SUMMARY

NAPE
CCRE
AIR

PATL NCCES DENSITY
1 2 2.5CCOCE*OO
2 3 1.OCOOOE-03

CAPACITY
e .CCCOCE-O1
3.COOOE-O1

TOT VOL
3.14159EtOO
9.42478E 00

TCI MASS
7.85398E+00
9.42478E-03

TOT CAP
4.71239E+ 0
2.82743E-03

IOT HEAr
1.178 P#1:E_
7.0 688E- '

NC-R 3 7 2.OOOOOE+00 2.5CCOCE-01 1.57080E+01 3.14159E+01 7.85398E+03 I.96356E+t2

SYSTEP TCTAL 12 2.82743E+ij 3.92793E+01 1.25692E+01 3.14230E+o2

NITRCCELLULOSE CYLINDER. SAMPLE PROBLEM FOR TRUMP REPORT. 2/27/68. ** 20.172 N04/10

PSINCTUT CYCLE Mf MSS KW1 IELIMX SMALL TVARY DTEMP 1[MAXS NUTS
1 0 0 1 0 6.89231E-02 6.89231E-D4 2.OOOOOE+01 2.66667E-13 i.

TCTAL TIME TIME STEP HEAT FLOW TEMP FRCM FLUX FLUX RATE TEMP RATt
1.OOOOOE-12 I.COOOCE-12 2.86986E-42 2.28325E-43 2.86986E-33 2.28325E-31

I

AvG TEMP HEAT CAPACITY HtAT CNTENT GEN RATE HEAT GEN TEMP FROM EN
2.50000E+01 1.25692E#01 3.114230E+02 1.25664E+00 1.25664E-12 9.99775E-14

NCCE TEMP CT DOT GEN RATE w H F
1 2.5000E401 2.6667E-13 2.6667E-Cl 1.2566E+00 1.1781E*32 1.2566E-12 -2.142ft-27
2 2.5000E+01 2.4962E-13 C . 3.7500E-23 3.7442E-37 3.743CE-57

31 2.5000E+01 9.2863E-25 9.2863E-13 3. 5.2779E-02 1.9605E-27 1.96'51-27
32 2.5000E+01 0. O. O. 8.7179E-03 0.
33 2.5000E401 C. C. C. 9.1892E-03 O. 1.
4 2.5000E.01 0. _ . C. 1.2500E-23 C. 1.8227t-28
5 2.5000E+O1 O. 0. O. 1.5101E+01 C. 3.
6 2.5000E+01 0. 0. u. 1.5886E+01 0. 0.
7 2.5000E'01 0. C. 2. 3.6128E+01 0. O.
8 2.5000[+01 0. C. 0. 6.3083E+01 3. V.
9 2.5000E+01 0. 0. . 6.7152E+0I 0. .
10 2.5000E+01 0. 0. C. 1.2500E-23 0. O.

PATERIAL CATA

NAME PtTL TOT CAP TOT HEAl AVG TEPP TPELT F-MELT
CCRE 1 4.71239E+00 1.17810E+02 2.50000E'01 0. u.
AIR 2 2.82743E-03 7.06858E-02 2.50000E+01 0. 0.
NC-KR 3 7.85398E+00 1.96350E+02 2.50000E+01 O0 0.

== == == == == == == == == == == == == == == == == == s= == ===== = .= = = = = = = = = = = = =

Fig. 9. Nitrocellulose cylinder. Sample problem for TRUMP report. (Steady-state calculation.) (continued)



NCDE CAIA. CECK TOTAL CONDUCTANCES LIP) AND TIME CNSTANTS SLIM).
LARGE CFERENCES BETWEEN NODES MAY B DUE TO POOR LCNING, AND MAY PRODUCE POOR RLSULFS.

NCCE PNATL NTYPE RADIUS VOLUME
1 1 0 5.OOOOE-01 3.1416E+OO
2 1 2 1.OOOOE+00 1.COOOE-24

31 2 0 1.4000E400 7.0372E#00
32 2 3 1.8500E+00 1.1624E+00
33 2 3 1.9500E+00 1.2252E+00
4 3 2 2.OOOOE+00 1.O000E-24
5 3 0 2.0500E+00 1.2ee1E4CC
6 3 0 2.150CE+00 1.35C9E+CO
7 3 0 2.3000E+00 2.8903E+OO
8 3 0 2.5500E.00 4.8066E+OC
9___ 3 0 2.8OCE*OC 5.3721E+CO
10 3 2 3.0000E100 1.000CE-24

MASS
7.8540E+00
2.5000E-24
7.0372E-03
1.1624E-03
1.2252E-03
2.OOOOE-24
2.5761E+OC
2. 7018E +00
5.7805E+OO
9.6133E+00
1.0744E+01

CAPACITY CONDUCTIVITY
4. 7124E00
1.5000E-24
2 . 1112E-03
3.4872E-04
3. 6757E-04
5.OOOOE-25
6.4403E-01
6. 7544E-01
1.4451E-00
2.4033E00
2 .6861E*00

1.0000E-02
1.0000E-02
5.OOOOE-04
5.OOOOE-04
5.0000E-04
5.0000E-04
5.0000'E-04
5.OOOOE-04
5.0000E-04
5.0000E-04
5.OOOOE-04
5.OOOOE-)4

z IP
192566E-bIl
1.3425E-01
2.O42OE-J2
7.2257E-02
1.8535E-61
2.5206E-D1
1.9164E-0l
1.1235E-vl
7.6236E-32
5.8434E-32
9.1106E-U2
6.2832E-J2

SLIM
3.7500G+01
1.1173E-23
1.03381-Ol
4.8261E-03
1.9831E-03
1.9837E-24
3.3607tE00
6.0280E+00
1 .8956E+01
4.1129E+01
2.9483E+01
7.957tE-24

= _ ..

- ._

2.0000E-24 5.OOOOE-25

INTERNAL CONNECTION DATA. CHECK CNDUCTANCES TRAN).
LARGE CIFFERENCES ETWEEN CONNECTIONS MAY BE DE TO POCR ZCNING, AND MAY PRODUCE POOR RESULTS.

NCCI
1
2

31
32
33

-

2
31
32
3 3
4

AREA
6.2832E+00
6.2832E0OC
1. 1310E101
1.1938E+01
1.2566E401
A_2AiF4nn

HINT
1.0000E+12
1.000CE412
I .OOoaE. 12
1.0000E+12
1.OOOOE'12
i.onnnaF-2z&

RINT
0.
0.
0.
0.
0.
R.0n00-nI

TRAN HEAT FLOW AVG RATE
1.2566E-01 -2.1427E-27 -2.1427E-15
7.8540E-03 -1.9605E-27 -1.9605E-15
L.2566E-02 0. 0.
5.9690E-02 3. 0.
1.2566E-01 0. 0.
7_.Ani8i-_4 -1.H27E-F28 -1.R227E--16

4 5 1.2566E+01 1.0000E+12 0. 1.2566E-01 3. 0.
5 6 1.3195E+01 1.OOOCE+12 0. 6.5973E-02 3. 3.
6 7 ' 1.3823E+C1 1.CCCCE+12 C. 4.6077E-02 0. 0.
7 8 1.508CE+01 1.0000E+12 0. 3.0159E-02 0. 0.
8 9 1.6965E+01 1.0000E+12 0. 2.8274E-02 3. n.
9 10 1.8850E*01 1.0000E+12 0. 6.2832E-02 3. D.

BC NORY NOCE DATA

NCCB TEMPB HEAT FLOW AVG RATE
101 2.5000E*01 0. 0.

SYSTE1 TCTAL 0. C.
…=s = = = = , = = = = = = = = = = = = = = = === == a s=== = =-=== = == = … = = = = = = = =

Fig. 9. Nitrocellulose cylinder. Sample problem for TRUMP report. (Steady-state calculation.) (continued)



EXTERKAL CGNNECTION DAlA

NCCS NCCSB AREAS HSURE POWER RSURE TRANS HEAT FLOW AVG RAFE
10 101 1.8850E+O1 2.OCOGE-04 3.3300E-01 0. 3.84D0E-11 U. _ ____ ___

2== = = s = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ==---

I-

0
Co
CO

KCYC = 0, ITERATIONS... TOTAL = G. AVERAGE = 0, MAXIMUM = G. FOR = .570 .
* NITRUCELLULOSE CYLINDER. SAMPLE PROBLEM FOR TRUMP REPORT. 2/27/68. 2:t.172 N14/1.

PRINTCUT CYCLE MF MSS KWIT DELTMX SMALL TVARY OTEMP DIMAXS JIlTS
3 52 0 17 4 I.CC000L+G3 1.96552E-O 2.000G0E+G1 9.27702E-03 5.00Ct- 1 1

ICTAL TIME FIME STEP HEAT FLOh TEMP FRCM FLUX FLUX RAFE TEMP RAIL
1.64562E+04 1.OOOOOE+03 -1.77430E+04 -1.41163E+03 -1.57819E+00 -8.57837E-L2

AVC TEPP HEAT CAPACITY HEAT CONTENT GEN RATE HEAT GEN TEMP FRCM GEN
2.57226E.02 1.25692E+01 3.23313E+C3 1.25664E+00 2.06795E+04 1.64525E+u3

NCCE TEMP CT ODT GEN RATE W H F
I 3.9733E*02 8.5763E-03 4.7070E-06 1.2566Et00 1.8724E+03 1.7545t+1-3 -1.8925L+14
2 3.8733E*02 7.7048E-03 4.2287E-06 0. 5.8099E-22 5.4349E-22 5.1479E-)1

31 3.2037E*02 8.7911E-C3 4.8249E-06 O. 6.7634E-01 6.2357E-01 8.8779E-01
32 2.7852E402 9.2270E-C3 5.0642E-06 t. 9.7124E-02 8.8406F-n2 1.4752i+00
33 2.6971E+02 9.0639E-03 4.9747E-06 C. 9.9136E-02 8.9947E--2 3.7969E+.)0
4 2.6552E+02 9.2770E-03 5.0916E-06 0. 1.3276E-22 1.2026[-22 4.7769[+)0
5 2.5552E+02 9.C130E-03 4.9467E-06 C. 1.6456E+02 1.4846E+02 1.51911:+02
6 2.3648E4C2 e.2P8t-C3 4.54S8E-C6 I. 1.5973E+02 1.4284Z+C2 1.4445L+'2
7 2.092CE402 7.9067F7-03 4.3396E-06 0. 3.)233E+02 2.6623L+C2 2.67))LL+(2
8 1.6754E+02 6.1241L-03 3.3612E-06 0. 4*3265E+02 3.4256t+O? 3.43.16Lt+2
q 1.2309E.02 3.95 03t-G3 2.1681E-06 C. 3.3064E+02 2.6349E+U 2.6371E+02
10 1.0309E402 3.5585E-C3 1.9531E-06 U. 5.1547E-23 3.9047t-23 4.224:.L-Ol

PVATERIAL ATA

NAME MATL 1OT CAP TOT EAT AVG EMP TFELT HMELT
CCRE I 4.71239E+00 1.87235E+03 3.97325L+02 O. (J.
AIR 2 2.82743E-03 8.72605E-01 3.08621E+02 0. 0.
NC-NR 3 7.85398E4CO 1.35S9CE+C3 1.73148t+2 0. 0.

Fig. 9. Nitrocellulose cylinder. Sample problem for TRUMP report. (Steady-state calculation.) (continued)



NCCE ATA. CHECK TOTAL CONDUCTANCES (LIP) AN) TIME CONSTANTS (SLIM).
LARGE CIFFERENCES ETWEEN NODES MAY BE DUE TO POO2R CNING, AND MAY PRUUCE POOR RLSULTS.

NCDE `ATL NTYPE
I 1 4
2 1 2

31 2 4
32 2 3
33 2 3
4 3 2
5 3 4
6 3 4
7 3 4
8 3 4 ;
9 3 4

10 3 2

._A__ _~IRADIUS VllLUMt
5.OO0OE-01 3.1416E+(
1.OOOOE+OO 1.OGOOE-
1.4aOGE+00 7.0372E+(
1.8500E+O 1.1624E+(
1.9500E400 1.2252E+(
2.OOOOE+00 1.00CCE-;
2.0500E+O 1.2881E+(
2.1500E+00 l.3509E+(
2.3000E+00 2.8903E+(
2.550CE40C 4.*CHE+(
2.850CE+OC 5.3721E+(
3.OOOOE+0O I.OOQCE-;

MASS _APACITY OCNDUCTIV
OC 7.8540E+00 4.7124E+0O 1.OOOOE
24 2.5COOE-24 1.5000E-24 1.OOOOE
CO 7.0372E-03 2.1112E-33 5.0000E
0 1.1624E-03 3.4872E-04 5.000jE
30 1.2252E-03 3.6757E-04 5.00DE
24 2.OCOOE-24 5.OOOOE-25 5.OOOOE
OC 2.5761E+OG 6.4403E-01 5.OOOOE-
)0 2.7018E+00 6.7544E-01 5.OOOOE-
0O 5.7805E+00 1.4451E*00 5.0OOOE
XC 9.6133E+00 2.4C33E+00 5.OOOOE
CO 1.0744E+01 2.6861E+OG 5.0000E-
24 2.OOOOE-24 5.OOOOE-25 5.000GE-

. _ ,

I P
1.2566E-UlI
1.3952E- I
2.0420E-i2
7.2257E- 2
1.8535E-' I
2.5733E- iI
1.9164E-.1
.1235E-',l

7.6236E-u2
5.8434E-.J2
9.1136E-02
7.8922E-.2

SLIM
3. 7 5 L +'.1

1.0751 -23
I.D338E-01
4.826lE-C3
1.983IL-03
1.9431E-24
3.3607E+00
6.028nE+00
1.8956E*01
4.1129E+01
2.9483E+01
6.3353E-24

INTERNAL CCKNECTION CATA. CHECK CONDCCTANCES (TRANI.
LARGE CIFFERENCES BETWEEN CONNECTIONS MAY BE DUE TO POCR CNING, AND MAY PRODJCE POR RESULTS.

0

NCCI

1
2
1
32
3 3

4
5
6
7
a

NOC2
2

3 1
32
33

'4

5
6

9
10

AREA
.2e32E40C
6.2832E+0o
l.131CE+O1
1.1938E*01
1.2566E+01
-6.2832E+00
1.2566E+01
1.31S5E 01
1.3823E+01
1.5080E+01
1.6965E+01
1.885CE4O1

HIN 
1.OCCCE+12
l.OOOOE+12
1.OCOCE+12
1.OOCCE*12
l.OOOOE+12
I .OOOOE-24
l.OCOE+12
I.OOOCE*12
I.OOOCE+12
I.0000E+12
I.OOOOE+12
1.OOCCE412

RINT
0.
0.
0.
C.
O.
8.0900E-O1

TRAN
1.2566E-OI
7.8540E-03
1.2566E-02
5.9690E-02
I .2566E-01
5 .9994E-03
1 .2566E-01
6.5973E-02
4.6077E-02
3.0159E-02
2.8274E-02
6.2832E-02

HEAT FLOW
-1.8925E+04
-8.3751E+03
-8 . 3742E+03
-8.3728E+03
-8.3690E+03
-1.0549E+n 4
-1.8914E+04
-1.8762E+04
-1.8617Et04
-1.8350E+04
-1.8007E+04
-1.7743E+04

AVG RATk
-1 .1500E+OO
-5.0893E-.. I
-5.0888E-L 1
-5.0879E-u l
-5.0856E-'I
-6.4136E-;1
-1.149 3E+00
-1.140IE+GU
-1.1313E+00
-1*1151E+UO
-1.0942Es60
-1.0782E+.C

0
0.
0.
0.
0.
C.

OCUNDARY NCE DATA

cce0 TEFP8 IEAT FLOW AVG RATE
101 2.5000E+01 -1.7743E+C4 -1.0782E+0C

SYSTEF TCTAL -1.7743E+C4 -I.C782E+08
= = = == = =2=========== = == = = = = = = = = = = = = = = = = = = = = = = = = == = = =z = z == =- =_ =_- =-- == =-- =- =- =_- =- =_ =_ =- =- =- = ====== ======

Fig. 9. Nitrocellulose cylinder. Sample problem for TRUMP report. (Steady-state calculation.) (continued)



EXTERKAL CCNNECTION DATA

KecS CCSF AREAS HSURE POWER RSURE TRANS HEAT FLOW AVG RAIL
_ 10lQ11 1.885 E 0l 2.0CCCE-04 3.33CCE-O1 0. 1.6091E-J2 -1.7743E*04 -1.782E+0(O

KCYC = 52, ITERATIONS... TOTAL = 1076, AVERAGE = 20, MAXIMUM = 53. FOR = .646 .
EICEC PRCe 3 KCYC = 52 KhIT = 4 SUPTI =1.64562E+04 20.172
K1IT...l=TIMAX, 2=TMAX, 3=TMIN, 4=S.S., 5=DATA, 6=CARD OR KY, 7=MCYC, 8=MSEC, 9=BLK 2 OR 4,

1OCCNVERGENCE FAILURE, 11=PROMLEM SIZE LIMITt 12=TABLE LENGTH OR ORDER._ __

N04 /II

MACHINE TIME N04/10) = 9 SECONDS. CPUI/OSYS PERCENTS = 51 : 9 
I

Fig. 9. Nitrocellulose cylinder. Sample problem for TRUMP report. (Steady-state calculation.) (continued)
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Fig. 10. Plot of temperature vs radius for nitrocellulose cylinder. (Steady-state calcu-
lations.)
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* NITROCELLULOSE CYLINDER. SAMPLF PROBLEM FOR TRUMP REPORT. 2/27/68.12) *-
NOTE. REACTICN AND IGNITION TAKE PLACE. FIND IGNITION TEMPERATURE AND TIME.
NOTE. UPPER TEMPERATURE LIMIT IS 400.0 TC END PROBLEM AT IGNITICN.
NGTE. THIS PROBLEM DCES NOT USE FLOW SUBROUTINE.
BLOCK I TVARY 2.0 FOR ACCURACY. SFALL 0.002 FOR ACCURATE IGNITICN TIME.
9999 4 1

2 C.002 2.0 4CO.C
25.0

BLOCKIl GET INTERPOLATED T VS R PLOTS, T VS TIME PLOTS WITH LIN AND LOS SCALES.
-5 100 -4
1 2 31 32 33 4 5 6 7 8 9 10

BLOCK 28 MODIFY PROPERTIES CF NITRCCELLULOSE TO INCLUDE CHEM REACTION.
NITRO 3 1 2.0 0.25 5.0 E-4

BLGCK 3 CHEMICAL COMPONENT NAMES, NUMBERS, AND REACTION PROPERTIES.
N.C. 1 800. 48.3 5.0 E4

BLOCK 98 NODE I HAS C.4 HEAT GEN. NODES 4 TO 10 HAVE 1.0 CONC A.
4 6 1 1.0

ENDED-1. LAST CARD OF DATA DECK.
COL 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Fig. 11. Input data for nitrocellulose cylinder problem. (Reaction calculation utilizes
data from steady-state calculation.)
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Numerical output data for the reaction and ignition calculation are shown in Fig. 12.

In this problem, the heat balance is very precise.

The calculated temperature vs radius curves for the last 112 sec before ignition

are shown superimposed in Fig. 13. The beginning and acceleration of reaction in the

nitrocellulose are shown by the numerical printouts of the temperature, rate of tem-

perature change, and concentration in node 4 preceding the printout for the final time

step. The beginning of appreciable reaction first causes an increase in the rate of

temperature change of node 4 at about 1580 sec. By 1830 sec, the rate of increase has

doubled. This indicates that the rate of heat addition due to chemical reaction equals

that previously due to heat transport, and that turning off the heater probably would not

stop the reaction; the "point of no return" has been reached. The reaction rate, tem-

perature, and rate of temperature change in node 4 increase rapidly from 1820 to

1878.07 sec. At that time, the temperature in node 5 equals that in node 4, which is

losing heat to the adjacent air. By 1878.10 sec, the temperature in node 5 exceeds

TvIAX, which is 4001C, and the problem ends. Other versions of this problem,

using different zoning and different values of TVARY and SMALL, resulted in ignition

times ranging from 1878 to 1955 sec, the latter value with coarser zoning near the
inner surface of nitrocellulose.

Great care must be taken in calculating thermal ignition caused by heat input

through a surface, so as not to distort the results by the effects of coarse zoning or un-

realistic boundary conditions. Zoning should be fine enough that the calculated tem-

perature profile in the reacting material does not have large discontinuities in slope.

The region near the surface in which reaction rates become large should be subdivided

into several zones. The boundary condition at the surface should be as physically

realistic as possible. For example, use of a fixed surface temperature instead of a

large heat-transfer coefficient connecting the surface to an external temperature may

prevent ignition from occurring, particularly when the material is too coarsely zoned

near the surface. In this problem, the surface is only weakly connected thermally to

the air in the gap and to the heater-core surface, so coarse zoning is a less serious

problem.

The steady-state calculation requires 46 time steps, with 1815 iterations, to

reach steady state, at a total time of 15,955 sec. The average time step is 347 sec, and

the average number of iterations per time step is 39.5. Machine time is about 14 sec

on the CDC,'3600, for the time step phase, or 8 msec per time step per calculational

item (see Section IV.F).

The ignition and reaction calculation requires 181 time steps, with 2386 iterations,

to reach ignition at a total time of 1878 sec. The average time step is 1.0 sec, and the

average number of iterations per time step is 13. Machine time is 55 sec on the

CDC/3600 for the time step phase, or 8 msec per time step per calculational items

(see Section IV.F). These times are larger than normal, because of the high frequency

of CRT plot output and the large number of iterations per time step, and because the

numerical output goes to a special tape, using nonbuffered output routines.

-114-



THUMP OUTPUT CATA PROGRAM I)ATL 15.774 NC4/05 DATA DECK 4

* NITRCCELLULOSE CYLINDER. SAMPLE PRO1}LEM FOR TRUMP REPCRT. 2/27/68Kt2) 2).177 Nu4/1.

WILL USE ATA AND INITIAL CONDITIONS FROM PRECEDING PROBLEM WITH AME, CATE ---
* ITRCCELLULOSE CYLINDER. SAMPLE PROBLEM FOR TRUMP REPORT. 2/27/68. ** 29.172 A 4/li

SUPMARY CF INPUT CATA _
BLCCK UMeER 2 3 4 5 6 7 8 9 lu 11 12
I rf h AME MAT KEM NtJOE NOD I NUOS NCh NOUG NCIL NODFI NUDEP NODPI
INITIAL SIZE 3 C 12 12 1 1 C I J I u

REACTION AND IGNITION TAKE PLACE. FIND INITION TEMPERArlJRE AD Tl'L.

___ (PPER TEMPERATURE LIMIT IS 400.0 TC END PROBLEM AT IGNITION. __

THIS PROBLEM DOES NT SE FLCW SBRCUTINE.
DATA LCCK I TVARY 2.C FOR ACCURACY. SMALL 0.012 FOR ACCURATE IGNIIION TIMt.

IFRINT ) NUM KATA KSPEC MCYC MSEC NPLNCH NDUT IRITE IAPE TIMEP SCALE
9999 4 1 C C C C 0 _0 0 0._ 1.0000UE+30 __

KC KT CELlO SMALL TIVAKY IAU TIMAX TMIN FMAX
2 1 1.00000E+12 2.00COCE-03 2.0CGCO4+O0 C. 0. -2.0000.E-W3 4.00 )O2i+t2

KC KSYP GEOM SICMA THASE
2 1 6.28319E*00 1.35500E-12 2.73150E+02

TChE ALONE BONE GONE FONE HCNE RCNE PONL
2.5000E4O1 0. O. S. . 0. S.

DATA LCCK 11 GET INTERPOLATED T VS R PLOTS, T VS TIME PLOTS WITH LIN ANt LOG SCALCs.

WILL PAKE TEMP VS RADIUS PLOTS

JFIC XLCGR LOCTEM LOGlIM FRADI FKAD2 FEMPI FTEMP2 FTIME1 FTIME2

cII

5 0 0 4 0. 1.0';00E+0O 0. 1.0000E+09 0. | .000'L+0XI

Fig. 12. Nitrocellulose cylinder. Sample problem for TRUMP report. (Reaction and ignition calculation.)



NCCES ECR TEMPERATURE VS TIME CRT PLO[S. MAX = 12
ihEt _ tE__2-__3 4 5 6 _7 _ 8 9 1 11 12 13 14 15 16

NCCE 1 2 31 32 33 4 5 6 7 8 9 10

DAT A LCCK 2e MODIFY PROPERTIES OF NITROCELLULOSE TO INCLUDE CHEM REACTION.
DATA MODIFIES OR ADDS TO DATA ALREADY READ IN,

NPM4E TL ItCEX KA KB LTABC LTABK QENS TY CAPACITY CCNDUCTlVITY TIMELT HMELT
NITRO 3 3 1 0 0 0 2.000uE*00 2.5000E-01 5.0OOOE-04 0. 3.

DATA LCCK 3 CHEMICAL COMPONENT NAMES, NUPBERS, AND REACTION PROPERTIES.

NAPE REACT INDEX LTABQ LTABZ LTABE QT IT Er ORDER
N.Ce I 0 C 0 8.0CCOOE+02 4.83000E+O 5.OOOOOEi04 1.00O-E+00

DATA BLQCK 98 NUDE I HAS 0.4 HEAT GEN, NODES 4 TO 10 HAVE 1.0 CONC A.
DATA MODIFIES OR ADDS TO DATA ALREADY READ IN,

NCTE INCEX TT AA BB GG
4 6 2.50COOOE+C1 1.OCOCCOE+00 0. 0.
5 7 2.50COCOE+Cl I.CCCCCOE+OC C. 0.
6 8 2.50COOOE+CI 1.OCOOOOE+0O 0. 0.
7 9 2.500000E+O1 1.000000E+O0 0. 0.
8 10 2.500000E.O1 l.CCOOOE+OC 0. 0.
9 11 2.50COCOE#C1 1.OCCCOCE+00 C. 0.

10 12 2.50COOOE+01 1.OCOCOOE+00 0. 0.

DATA ENOEC -1. LAST CARO OF DATA DECK.

…-CH=hE=TIME =N04/10)= SECONDS. =PERCENTS=33==== ========_

MAChINE TIME IhO4J10) = 1 SECONDS. CPU,I/O,SYS PERCENTS = 33:C6: °

-

SUFMARY OF INPUT CATA
BLCCK NUPOER 2
TIMES REAC IN 001
ITEF NAME MAT
PAXIMUP SIZE 40

K
KEM

5

4 5 6 7
000 0 0 0

NODE NOD1 NODS NOB
480 12CC 125 20

8

N OG
100

9
1

NOTE
480

10 11 12
0 1 0

NODFI NODEP NOOP1
80 12 480

Fig. 12. Nitrocellulose cylinder. Sample problem for TRUMP report. (Reaction and ignition calculation.) (continued)



UNMCOIFIEC SIZE 2 a 12 12 1 1 0 1 0 0 0
FINAL SIZE 3 1 12 12 1 1 0 12 0 12 0

TABLES CAPT CONT QT i1 El HSLRT IEMPe GI FLOHT TOTAL
0 a 0 0 0 0 0 0 0 0

MAXIMUM ALLOWED TABLE LENGTH IS 12.

ARRAY STCRAGE REQUIREMENTS.
NWRECC = (+ ?*M9)*M2 + 280H4 + 12*M5 + 3*M9 = 31556
NWCHEM = 4^M2 * l6 * 9*M9)*M3 1M4 M3 NOT 0) = 5530
NWCEKO = 2tM4 ( I3 3*Mq)t*Me (MO NOI ]) = 4860
NWFLCW = 4*M 4 19 3M9)*MlO (MI0 NOT 0)= 5520
NWSURE - (12 3M91*M6 + 5+3*M91.M7 M6 NOT 0) = 6820
NWPLCT = 4^M4 3*M11 * (1 M1)^M1 (M11 NOT 0) = 4556
IWRL12 = 8*M4 5*M12 (112 NO1 0) = 6240

TCTAL AOCJUSTAELE ARRAY STORAGE = 65082

CT-ER TCTALS NOSPEC NOGEN NORAD NORADS NMELl NREAC1
5 1 1 0 3 7

MDTERIAL SUMMARYI
I-
-J

%AP'E -AYL NOCES
CCRE 1 2
AIR 2 3
NITRO 3 7

DENSITY
2.5C00OE.CO
1.OCOOOE-C3
2.0COOOE00

CAPACITY
6.00COOE-C1
3.GOCOCE-01
2.5COOCE-01

TOT VOL
3.14159E+00
9.42478Ef00
1.57080E01

TCT MASS
7.85398E+00
9.42478E-03
3.14159E+01

IOT CAP
4.71239E+00
2.82743E-03
7.85398E+0

TOT HEAT
1. 178 10: #2
7.06858E-D2
1.96350E+i2

SYSTEF TCThL 12 2.82743E+a1 3.92793E#31 1.25692E+01 3.1423JL+:*2

a NITPGCELLULOSE CYLINDER. SAMPLE PROBLEM FOR TRUMP REPORT. 2/2T/68.(2) .. 2j.177 N)4/10
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ==

PRINTCUT CYCLE MF
I 0 0

MSS KWIT DELTMX
1 C 6.89231t-02

SMALL
2.OOCOOE-03

TVARY DTEMP OTMAXS
2.OOOJOE+00 2.66667E-13 J.

NUTS

TCTAL IME TIME STEP HEAT FLOW
I.00000£-Z- IL.OOOOE7112- 9.65-bCt-42

TEMP FRCM FLUX
7.68251=--43

FLUX RATE
9.65630E-30

TEMP RAT,
7.68251E-31

AVG TEMP I-EAT CAPACITY HtAT CONTLNF GEN RATL HEAT GEN TEMP FROM EN
Z.50000E+01 1.25692E+01 3.1423)E+02 1.25664E+00 1.25664E-12 9.99775C-14

… = = = = = _ = = = = = = = Z = = = = = = = = = = = = = = = _ = = = = = = = = = = = = = = =-=-=-=-=

Fig. 12. Nitrocellulose cylinder. Sample problem for TRUMP report. (Reaction and ignition calculation.) (continued)



NC CE _ IMP , _ , DT
1 2.5000Ee01 2.6667E-13
2 2.5000E#01 2.4962E-13

3I 2.5000(401 5.2e13t-2e
32 2.5000301 C.
33 2.5000E*01 0.
_4 - ._, 2.___001 _3.3517E-25
5 2.5000E401 6.7228L3-25
6 2.5000E.01 6.7228E-25
7 2.50001E01 6.722AE-25
8 2.5000E+01 6.7228E-25
9 2.5000E401 6.7228E-25

D!)I GEN RATE W __ H

2.6667E-01 1.2566E+00 1.1781E+52 1.2566E-12
z. (:. 3.7:w0%13-23 3.7442E-37
S. 2t -L-13 C. 5.2779L-02 1.9615E-27
C. C. 8.7179E-03 O.
0. °. 9.1892E-03 0.
0. 0. _ _1.250t)E-23 1.6758t-49
C.722eE-13 L. 1.6101E+01 4.3297E-25
6.7228t-13 C. 1.5886E+D1 4.5409t-25
6.7228C-13 C. 3.6128E+01 9.7154E-25
6.7228E-13 (J. 6.)083E*01 1.6157E-24
t.722EE-13 O. 6.7152E+31 1.ff058E-24

-2.1427t-27
3.7454i -37
1.96-5t -27

4.2118L- 8
1.8227E-28

-4.2363t-38
C.

J.

-2.581bL-47

I

10 2.500CE*01 6.7228E-25 O. 0. 1.2500E-23 3.3614E-49 -5.4699[-53

ICCE TEMP W/F A DA ODA W/F B 08 DD
4 2.5000L*01 1.0000C+00 -2.1009 -2 8 U. 0. U.
5 2.5000EfOl I.COCOE+OC -2.1009E-28 -2.1009E-16 O. O. 0.
6 2.5000E+01 1.CO0300 -2.1G09E-28 -2.1009E-16 0. O. _ __

7 2.5000E401 1.CCCOE+CC -2.109E-28 -2.10u9E-16 0. C. C.
8 2.5000E.01 1.0000E+00 -2.1009E-28 -2.1009C-16 0. 0.
9 2.5000E+01 1.00COE+GC -2.1G09E-28 -2.1009E-16 0. O. G.

10 2.500OE401 1.00COE+CO -2.10C9E-28 0. 0. 0.

MATER-AL CATA

K AI'E M1TL TOT CAP TOT HEAT AVG IEVP THELT t-MELT
CCRE 1 4.71239E+00 1.1781CE+02 2.50000E+01 0. 0.
AIR 2 2.82743E-03 7.06858E-02 2.50000E01 0. 0.
NITRO 3 7.85398E+C0 1.96350E+02 2.500E0-101 0. 0.

NCCE CATA. ChECK TOTAL CONDUCTANCES LIPI AND TIPE CCNSTANTS (SLIM).
LARGE CIFFERENCES BETWEEN NODES MAY BE DUE TC POOR CN[NG, AD MAY PRODUCE PCOR RtStILFS.

NCCE
1
2

31
32
33
4
5

P 
I
2
2
2
2
3

NTYPE
0
2
0

3
2
0

PAD US
5.000E-01
I.0000E+00
1.4000E+00
1.850CE*OC
1.950CE*OC
2.OOOOE+O0
2.0500E+00

VOL ME
3.1416E+CO
1.OOOOE-24
7.0372E+00
1.16241E+CC
1.2252E3 O(
1.00G0CE-24
1.2881E+0O

MA S
7.8540E*OC
2.50O3E-24
7.0372E-03
1. 1624E-1-3
1.2252E-03
2. OCOOE-24
2.5761E+OC,

CAPACITY CNDUCTIVITY
4.7124E+00 1.0000E-32
1.5000E-24 1.0000E-02
2.1112E-03 5.OOOOE-04
3.4872E-04 5.OOOOE-G4
3.6757E-04 5.0000E-C4
5.OOOOE-25 5.0000E-04
S.4403E-C1 5.OOOCE-04

Z IP
1.2566E-. 1
1.3425E-:;1
2 .3420E- 2
7.2257E- 2
1.8535E-,1
2.52361- 1
1.9 164E- 1

SL IM
3.7 )' L +11
1 . 11731-23
1.0 33813-i1
4.8261 -r3

1.98371-:4
3.36)7 L-*. )

Fig. 12. Nitrocellulose cylinder. Sample problem for TRUMP report. (Reaction and ignition calculation.) (continued)



h 3 0 2.150CE+0C 1.35CS C9 2.701 8+CO 6.7544E-r-1 5.0OOJE-04 1.1205E- I 6.02fil-t #0'
7 3 0 2.300CE'0C 2.8903E40C 5.7805E+0 1.4451E+00 5.D300E-04 7.6236E-,2 1.6156L +')1
8 3 0 2.550CE+OC 4.8C66E+00 9.6133t+G) 2.4033E+00 5.0003E-04 5.8434E-'2 4.1129t1
9 3 0 2.8500EOC 5.3721E+CC 1.0744E*01 2.6861E+0 5.OOOOE-04 9.b106E-'.'2 2.8483L+l

13 3 2 3.000CE40C 1.00CCE-24 2.OOOOE-24 5.OOOOE-25 5.0000E-n4 6.2832E-,2 7.9577t-24

REACTANT CATA

NCCE A e MASS QA LA EA QB LB Ed
4 1 0 2.0000E-24 8.OCGCE+32 4.8300E+01 5.OOOOE+04 3. 5.
5 1 0 2.5761E400 8.OOCOE+C2 4.8300E+01 5.OOOOE+04 3. 8. e.
6 1 0 2.701eE40C 8.CCCCE*C2 4.8300E*01 5.CCOGE404 0. u.

__ 7 _1 0 5.7805E+OC 8.OOCCE+C2 4.8300E+01 5.OOOOE+04 3. 3.
R I 0 9.6133E+0C 8.-n0CE+C2 4.8300E+01 5.0000E+04 D. C..
9 1 0 1.0744E+01 8.0GOOE+O02 4.8300E+01 5.OOOOE+04 3. D. j.
10 1 0 2.COOCE-24 8.CCCCE4C2 4.83CGE+01 5.0COOE+04 0. 0.

IKTERNAL CCNNECTION DATA. CHECK CONDUCTANCES TRAN).
LARGE CIFFERENCES ETWEEN CONNECTIONS MAY BE DUE TO POCR ZCNING, AND MAY PROWCE POOR RESULFS.

NCCI NOC2 AREA HINT RINT TRAN HEAT FLOW AVG RATL
1 2 6.2832E+OC l.CGOCE+12 0. t.2566E-1 -2.1427E-27 -2.1427E-15
2 31 6.2832E4OO 1.OOOOE+12 0. 7.8540E-03 -1.9605E-27 -1.9605E-1'

31 '2 1.131CE+01 1.CCCCE+12 C. 1.2566E-C2 0. 0.
32 33 1.1938E+01 1.OO0CE+12 0. 5.9690E-02 D.
33 4 1.2566E+01 1.OOCCE+12 0. 1.2566E-01 4.2118E-38 4.2118E-26
2 4 6.2832E+00 1.0000E-24 8.0900E-01 7.3018E-04 -1.8227E-28 -1.8227E-16
4 5 1.2566E+C1 1.O0CCE+12 C. 1.2566E-01 4.2363E-38 4.2363E-26
5 6 1.3195E+01 1.00COE+12 O. S.5973E-02 3. 0.
6 7 1.3823E+01 1.OCOCE+12 0. 4.6377E-02 D. C.
7 8 1.5080E*01 1.OCOOE*12 0. 3.0159E-02 3. U.
8 9 1.6965E+01 1.OCCCE+12 C. 2.8274E-02 0. G.
9 10 1.885CE+01 1.OCCCE+12 0. 6.2832E-02 -2.5816E-47 -2.5816E-35

ECUNCARY CCE CATA

iCce TEMPB HEAT FLOW AVS RATE
101 2.5000E+G1 -2.5816E-47 -2.5816E-35

I-

SYSTEP TCTAL -2.5816E-47 -2.5816E-35

Fig. 12. Nitrocellulose cylinder. Sample problem for TRUMP report. (Reaction and ignition calculation.) (continued)



LXIERhAL CONNLCTION AIA

NCIS hcse AREAS HSURE POWER RSURE TRANS HEAT FLOW AVG RATE
10 101 1.8850E+01 2.0000E-04 3.3300E-01 0. 3.84D0E-11 -2.5816E-47 -2.5816E-35

= == =n === 2=_ === == === === ==_ === == === == =S= === === === == === === === === 

KCYC = O. ITERATIONS... TOTAL = 0, AERAGE = O MAXIMUM = 0. FOR = 0.570 .

* NITPICELLULOSE CYLINDER. SAMPLE PROBLEM FOR TRUMP REPORT. 2/27/68.(2) ** 20.177 NO41I

PRINTCUT CYCLE MF MSS KWIT DELTMX SMALL TVARY OTEMP DTMAXS NUTS
3 182 7 5 2 2.50000L+01 2.OOOOCE-33 2.OOOOOE+00 2.97724E+03 9.00000E-31 18

TOTAL TIME TIME STEP HEAT FLOW TEMP FROM FLUX FLUX RATE TEMP RATE
l.87671E+03 2.00OOOE-03 -4.34138E+02 -3.45398E+01 -2.31329E-01 -1.84044E-012

AVC TEVP I-EAT CAPACITY HEAT CONTENT GEN RATE HEAT GEN TEMP FROM ;EN
3.42480E+02 1.25692E+01 4.30470E+03 1.25664+00 2.35835E+03 1.87629E'L2

NCCE TEMP UT DlT GEN RATE W h F
1 2.9509E+02 2.8660E-03 2.8298E+00 1.2566E.00 1.3906E+03 1.2728E+03 -1.0856E+)3
2 3.6406E*02 7.1313E+01 7.0413E+C4 0. 5.4609E-22 5.0859E-22 5.1512[-u3

31 2.5239E+02 1.2524E+00 1.2366E*03 0. 5.3284E-01 4.8006E-01 4.8929L-01
32 3.3381E402 8.7480E+01 8.6376E+04 0. 1.1641E-01 1.0769E-rl 1.5382-O>l
33 7.3751E+02 4.7592Ei02 4.6991E+05 0. 2.7108E-01 2.6189E-01 3.7338E-3l

4 1.9892Es03 1.6887E+03 1.667'4E+06 0. 9.9458E-22 9.8208E-22 1.2456E-)1
5 3.3168E403 2.9772E+03 2.9397E+06 0. 2.1361E+03 2.12J0Et03 5.9169L+il
6 1.6490E*02 4,0661E-01 4.0147E+02 G. 1.1136E+02 9.4496E+01 8.9289E+:1l
7 1.3553E*02 6.2852E-04 6.205HE-01 0. 1.9586E+02 1.5973E+'-z 1.5921E+02
8 1.0567E*02 l.5456E-04 1.5261E-01 0. 2.5396E+02 1.9388E+02 1.9386E[*.2
9 8.0384E401 7.'4C6E-C5 7.4454E-02 0. 2.1592E+02 1.4876E+02 1.4876E*02

10 7.0616E*01 -1.3699E-04 -1.3526E-25 0. 3.5308E-23 2.2808E-23 1.1394L-7!4

KCCE TEMP W/F A DA ODA W/F 8 DB l08
6 1.6490EI02 9.9758L-01 -2.0289E-07 -2.0033E-04 0. 0.
7 1.3553E*02 9.9989E-01 -3.4414E-09 -3.3979E-06 0. 0.
8 1.0567E+02 I.COOOEtOO -2.6848E-11 -2.6509E-08 0. 0. C.
9 8.0384E401 I.CCCOE+00 -2.32C3E-13 -2.2910E-10 0. 0. J.

10 7.0616E401 1.OOOOE+00 -3.0711E-14 -3.0323E-11 0. 0. 1.
…== = = = = = = = = = = = = = = = = == = = = = = = = = z = = = = = = =========3 == = = = = = = = =

Fig. 12. Nitrocellulose cylinder. Sample problem for TRUMP report. (Reaction and ignition calculation.) (continued)



FATERIAL CATA

FAVE MATL TOT CAP TOT HEAT AVG EMP TMELT HMELT
CCRE I 4.71239E+00 1.39C58E+03 2.95090E#-02 0. 0.
AIR 2 2.82743E-03 9.20331E-01 3.25500E+02 0. J.
KITPO 3 7.E53S8E4CC 2.9132CE+03 3.70920E+02 0. 0.

NCOE ATA. ChECK TCTAL CONDUCTANCES (ZIP) AND TIME CJSTANTS (SLIM).
LARGE CIFFERENCES BETWEEN NODES MAY BE DUE TO POCR ZCNING. AND MAY PR(CUCE POOR RESULTS.

N (CE2

2
31
32
33
4

6
7
8
9

10

VATL NTYPE
1 0
1 2
2 4
2 3
2 3
3 2
3 4
3 4
3 4
3 0
3 4
3 2

AIC)I US
5.OOOOE-01
1.0000E400
1.4000E+00
1.8500E+OO
1.950CE+00
2.0000E+00
2.0500E+OC
2. 1500E+00
2.3000E+00
2. 550CE40C
2.850CE*00
3.0000E+00

VOL 11ME
3.141 eE *+0
I.OOOOE-24
7.0372E+o0o
1.1624E+00
1.2252E+00
I.OCCCE-24
1.2881f ...C
1.3509L#00
2.8903E+OC
4.QC fE4CC

5.3721E+00
I.OOOGE-24

MASS
7.8540E 40U
2.5000E-24
7.0372E-C3
1.1624E-03
1.2252E-C3
2.OCOOE-24
2 5761E +Ou
2.701 8E+00
5.7805E+0O
9.6133E4C0(
1 .0744E 01
2.OOOOE-24

-APACITY CONDUCTIVITY
4 7124E+00
1.5COOE-24
2.1112E-C3
3.4872E-04
3.6757E-04
5.OCOOE-25
S.4403E-01
5. 7544E-01
1.4451E+O0
2.4C33E+O0
2.6861E+OD
5.OOOOE-25

1.0000E-02
I.000E-02
5.OOOOE-O4
5.OOOOE-04
5.000OE-04
5.0000E-04
5 .OOOCE-04
5.0000E-04
5.OOOOE-04
5.0000E-04
5.OOOOE-34
5.OO3DE-n4

ZI P
1 .2566E-~ 
1.3939E- I
2.042OE-,2
7.2257E- 2
1.8535E- I

2.572JE- :I
1.9164t-,1
1.12)5E- 1
7.623z)C- 2
5.8434E- 2
9.1135E- 2
7.6285E- 2

SLIM
3.7.C'L L'CI
I .23761t -23
1.03 131 -U1
4.826 1L-)3
1.9131F-j3
1.944 L-24
3.36 T7, 43C
6.02H8 I *uu

1.89 )bL 1

2.94831tC1
6.5 ,441-24

II

I-

INTERINAL CONNECTION DATA. CHECK CONDLCTANCES (RAN).
LARGE CIFFERENCES ETWEEN CONNECTIONS MAY BE DUE TO POCR ZONING, AND MAY PRODJCt: PUnR RSlLTS.

hCoC1 hOf2 AREA
1 2 6.2e32E+0C
2 31 6.2832E+00
31 32 1.131CE+01
32 33 1.1938E+01
3 4 1.2566E+01
2 4 6.2832E+00
4 5 1.2566E+O1
5 6 1.3195E4O1
6 7 1.3823E+01
7 8 1.508CE+01
8 9 1.6965E+01
9 10 1.005CE4O0

i- IN 
1.OOOCE+12
1.OOOCE+12
1.0CCCE+12
I.OCOOE*12
1.090c E12
1.0000E-24
I .OG6CL+ 12
1 .CCCCE+ 12
1.00CCE+12
1.OGOCC+12
1.0COOE+12
I.CCCCE412

R I NT
0.
0.
0.
C.
_ @

8.0900E-Cl
0.
C.
C.
C'.
C. _ -

C.

TRAN
1 .2566E-C1
7.8540E-03
1.2566E-02
5.9690E-G2
1 .2566E-01
5.8688E-03
1 .2566E-0l
6.5973E-02
4.6077E-02
3.0159E-02
2.8274E-02
6.2832E-02

HEAT FLOW
-1.0856E+03
-?.0169E+02
-7.0120E+02
-7.0105E+02
-7.0067E+02
-3.8388E+02
-1.0844E+03
-1.0253E+e13
-9.3597E+U2
-7.7677E+02
-5.8290E+02
-4.3414E+02

AVG ,<AFL
-5.7845-. 1
-3.T389E- 1
-3.7363E-CI
-3.735iE--a
-3.7335E-21
-2.3455E-. 1
-5.7784C- 
-5.46311- 1
-4.9873E-AI
-4.139)C-- I
-3.106jE- 1
-2.3133t-,l

_ _ _ _-

1F ig. 12. Nitrocellulose cylinder. Sample problem for TRUMP report. (Reaction and ignition calculation.) (continued)



BOC2ARY NOIE DATA

hCce TEI PB
101 ?.5000E+01

I-EAT FLOW
-4.3414E+C2

AVG A TE

-2.3l33-0 Q

SYSTEP TCTAL -4.3414E+C2 -2.3133E-01

EXTERNAL CONNECTION DATA

NCUS NCCSe AREAS HSURE POWER RSlJRE URANS HEAT FLOW AVG RArE
10 101 1.8850E.01 2.CCOCE-04 3.33CCE-01 0. 1.3453E-02 -4.3414E'02 -2.3133E-(I

KCYC = 182, ITERATIONS ... TOTAL = 2731, AVERAGE = 1S PAXIPUM = 33. FOR = 0.664 .
ENCEC PRCe 4 KCYC = 182 KhIT = 2 SUPT I = 1.87671E+03 20.177 '4('4/1u
KWIT ... IMAx 2=TMAX, 3TMIN, 4-5.Sa pATA 6=CAD QR b_ Y 7MC Y C, QMSEC,_9=-!LK ?OR 4

10=CCNVERGENCE FAILURE, I1=PROHLEM SILL LIMI T, 12= TABLE LNGTH OR ORDER.

I3

PACHIIE TIME N04/10 = 36 SECONDS. CPUI/OSYS PRCENTS = 62 37: 0

Fig. 12. Nitrocellulose cylinder. Sample problem for TRUMP report. (Reaction and ignition calculation.) (continued)
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Fig. 13. Plot of temperature vs radius for nitrocellulose cylinder. (Reaction calcula-
tion, times near ignition.)
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III. Methods of Solution

A. GENERAL SEQUENCE OF CALCULATIONS

1. Data Input and Initialization

A number of quantities are initialized at the time input data are read in. Many

other quantities, including those whose value may remain constant throughout the

calculations, are calculated after all input data have been read in. Other quantities,

which may change or may represent cumulative summations of incremental values for each

time step, are assigned initial values. With few exceptions, no calculations are

unnecessarily repeated every time step. This is accomplished by use of many branch

points, at which various counters and indicators are tested. The exceptions are made

to preserve certain physical parameters in their original form for clarity in output

data tables.

For the first time step, total time t (SUMTIM) is set equal to the input value
-12to(TAU), the time step t (DELT) is 10 , and the interpolation factor f (FOR) is 1.0;

and estimated rates of temperature change Tn (DDT), and concentration changes

an (DDA) and bn (DDB),are zero. If the input value of KSPEC is positive, all nodes in

the system are classified as special nodes. Several special procedures are used for

the initial time step (for which the time-step counter KCYC is zero) and the next time

step, to start the calculation off in a smooth and stable manner. These will be described

below.

2. Calculations Made at Each Time Step

At the beginning of each time step, the measure of maximum temperature change,

DTMIAX, is reset to zero. The incremental changes in temperature, ATn (DT), and

concentration, Aan (DA) and Abn (DB), are reset to zero. Initial heat content

Wn (W) and estimated average heat capacity C (CAP), if variable, and thermal con-
n n

ductivity kn (CON), if variable, are calculated for each node, in subroutine THERM.

In subroutine GEN, the estimated average internal heat generation rate gn (G), if

variable, and the resulting regular node temperature change, ATn G, Reg, are

calculated.

In subroutine CHEM, the estimated average heats of reaction Qa n (QA) and

Qb n (QB), log collision frequencies Za n (ZA) and Zb n (ZB), and activation

energies Ea, n (EA) and Eb n (EB) are recalculated if variable, for nodes containing

reactants a and b; and the resulting concentration changes an R (DA) and Abn R (DB)

and regular node temperature changes ATn R Reg (DT) are calculated.

In subroutine FINK, the estimated average conductances of internal thermal con-

nections Un k (TRAN) and their contributions to the total conductance of each node Zn

and Zk (ZIP) are calculated, and the resulting regular node temperature changes

ATn, I, Reg (DT) are calculated.
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In subroutine FLOW, the estimated average mass-flow rates of mass-flow

connections Fn k (FLOWN) and their contributions to the total conductance of each

node Zn (ZIP) are calculated, and the resulting regular node temperature changes

ATn, F, Reg and reactant concentrations an, F and Abn F are calculated.
In subroutine SURE, the estimated average conductances of external thermal

connections Un b(TRANS) and their contributions to the total conductance of each node

Z (ZIP) are calculated, and the resulting regular node temperature changes

ATn E Reg are calculated.
In subroutine THERM1, the amount of phase change Aan, P (DA) and resulting

latent heat effect on regular node temperature ATn (DT) are estimated.

In subroutine SPECK, the temperature changes in special nodes and in regular

nodes connected to special nodes are recalculated, with an iteration scheme for inter-

connected special nodes, based on interpolated average temperatures during the time

step for internal thermal and mass-flow connections and external thermal connections.

In subroutine THERM2, the final calculation of the amount of phase change

Aan p (DA) and latent heat effect ATnp (DT), consistent with the results of the

calculations in subroutine SPECK, are calculated.

In subroutine TALLY, the stability limits n (SLIM) of all nodes are calculated,

and the resulting maximum stable time step for regular nodes, ats Reg (DELTMIX) are

calculated. Regular nodes are reclassified as special nodes as required, if allowed

by an input option, to keep Ats Reg larger than the present time step At (DELT). The

minimum allowable time step is calculated. The maximum temperature change for

the time step is found, and the new time step, total time, interpolation factor, and time
derivative correction factor are calculated. If the time step need not be repeated, the

new temperatures and concentrations are found by adding the calculated changes to the

values for the beginning of the time step. Estimated ates of temperature and concen-

tration change are then calculated. The criteria for producing data printouts and for

ending the problem are tested.

The sequence of calculations is repeated for each additional time step, until the

problem is ended. Parts of the program not needed for a specific problem are skipped;

and wherever possible, calculations not involving time- or temperature-dependent

quantities are skipped after the first time step.
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B. CALCULATION OF PROPERTIES, HEAT

AND MASS BALANCE DATA

1. Evaluation of Tabulated ProDerties

A number of input properties may be tabulated functions of time or temperature.

These include material specific heats and enthalpies (CAPT and WT vs TVARC) and

thermal conductivities (CONT vs TVARK), chemical reactant heats of reaction (QT vs

TVARQ), log collision frequencies (ZT vs TVARZ), activation energies (ET vs

TVARE), heat source strengths (GT vs TVARG), surface conductances (HSURT vs

TVARH), and mass-flow rates (FLOWT vs TVARFL). External temperatures may be

tabulated functions of time (TEMPB vs TIMEB).

At each time t (SUMTIM) in the calculation, average values of all tabulated

properties must be estimated for use during the next time step At (DELT). These

values are calculated from the tables by the point-slope method of interpolation, with

extrapolation beyond the range of the table. Time-dependent parameters are calculated

for an average time:

t = t + f at , (III. B.1.1)

except for external temperatures, evaluated at t + At. Temperature-dependent param-

eters are calculated for estimated average node temperatures Tn and average external

temperatures Tb:

Tn = Tn + f At Tn (III. B.1.2)

Tb = Tb + f (T- .Tb) (III. B.1.3)

Tn is a node temperature at time t, Tn is an estimated average rate of temperature

change (see Section III. . 3), Tb and Tb are external temperatures evaluated at times t

and t + At, and f is an interpolation factor between 0.57 and 1.0 (see Section 111.I.4).

Accuracy in evaluation of tabulated properties depends on how well the curve ob-

tained by joining the tabulated points with straight line segments fits the actual function.

Errors due to use of finite time steps are controlled by limiting the percentage change in

any tabulated property over any time step to 2%. If necessary, the time step is halved

and repeated, subject to a lower limit, SMALL (see Section II C.16).

2. Node Heat and Mass Balance

a. Thermal Properties

Several quantities required for the temperature and concentration change calcu-

lations, and additional quantities related to the heat and mass balances, are calculated
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for each node in the system. The node volume Vn (VOL) and node mass Mn (HEFT)
remain constant throughout the calculation:

Vn d d S3 (III. B. 2. 1)

Mn P T n' (III. fl.2.2)

where a and depend on system symmetry (see Section II. C. 4); d d, and dr are

input values for each node (see Section IL C. 7), and is the constant input value of

the density of the node material.

The average total heat capacity of each node Cn (CAP) is calculated as follows:

C Cn Mn (III. B.2.3)

where c n is the specific heat of the node material at the average time and estimated

average temperature of node n for the time step [Eq. (III.B.1.2)1.

The initial heat content (W) of each node is calculated at the beginning of each

time step as follows, if the heat capacity of the node material is tabulated vB tempera-
AL

ture:

Wn =W 0 + (n + C 0 )(Tn - T0 )/2 (lI.B.2.4a)

Wn = Wn - AHm(l an)] Mn (m.B.2.4b)

where Tn is the node temperature at the beginning of the time step, C is the tabulated

specific heat of the node material at the nearest table temperature T0 below Tns (or the

first temperature in the table, if higher than Tn), Wn is the sensible heat content per

unit mass of the node material at temperature Tn (equal to the area under the curve of

tabulated specific heat values between zero temperature and Tn), AHm is the latent heat
of phase change per unit mass of the node material, and an is the weight fraction of the

low-temperature phase in the node at the beginning of the time step.

If the heat capacity of the node material is not tabulated vs temperature, Wn is

calculated as follows:

Wn =n Cn Hm(l -an) Mn (I.B.2.5)

At the end of each time step, the final total heat contents of each node, W' (W),n
are calculated as follows:

n n C n m n n

The initial values ' n are used only in the mass-flow heat-transport calculations

(see Section I.F.2), and the final values Wn are calculated only to provide additional

heat balance information.
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b. Heat Balance Data

The net change in heat content of each node since the beginning of the calculation,

Hn net (H), is calculated at the end of each time step as follows:

Hnnet '2 (Cn ATn AHm Aan M )d (Im.B.2.7)

where the summation is over all the time steps up to the current time.

The net amount of heat transported into each node by internal and external thermal

connections since the beginning of the calculation, H nflux (F), is calculated at the end

of each time step as follows:

Hnflux AH nk +1 AHn b) (Ill. B.2.8)
Ait k b

where the k summation is over all the internal thermal connections of node n, and the

b summation is ove± all the external thermal connections of node n. The heat-flow

increments AHn k and AHn b are calculated for each time step with Eqs. (I.F.l.l) and

(III.G. 1. 1).

3. Material Heat Balance

Several quantities related to the overall heat balance of each material are calcu-

lated. These include total volume Vmat (VOLMS) and mass Mmat (HEFTMS), which

remain constant throughout the calculation:

Vmat I Vnmat (Ill.B.3. 1)

M mat =Pm V mat ' ll. B. 3.2)

where the summation is over all the nodes of the material.

Other data are calculated at the end of each time step. These include the total

heat capacity !Mat (CAPMS), the total heat content Wmat (WMS), and average tempera-

ture (assuming constant heat capacity and no latent heat effects) Tmat (TMS) of each

material, calculated as follows:

cmatE: Cn (Ill. B.3.3)

n

Wmat I Wh (III.B.3.4)
n
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T m at E Cn Tn/C mat (IILB.3.5)
n

4. System Heat Balance

Several quantities related to the overall heat balance of the system are calculated.

These include total volume Vys (VOLS) and mass MSys (HEFTS), which remain

constant throughout the calculations:

VSys n (I.B.4. 1)
n

Sys E Pn no 01I.B.4.2)
n

where the summations are over all the nodes in the system.

At the end of each time step, the system heat capacity CSys (CAPS), heat content

WSys (HEAT), and average temperature (assuming constant heat capacity and no latent

heat effects) TSys (TEMPAD) are calculated as follows:

sys E n (.B.4.3)
n

W = E W (In.B.4.4)

n

.sys = CnTn/Csys (III.B.4.5)
n

Also, the net heat flow into the system Hsys flux (FLUX), the resulting net

temperature change (assuming constant heat capacity and no latent heat effects)

AT sys ux (TEMPER), the average rate of heat flow into the system Hsys flux (FX),

and the resulting average rate of temperature change Tsys fux (TX), are calculated
as follows:

H Sys flux H fl (l. B.4.6)

n

sysflux Hsysflux/ sys (III.B.4.7)

HSys fx =H ys/nw (t-t 0) (III.B.4.8)
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Tsysflux Tsysflux/(t to) (III. B. 4.9)

where t is the total time SUMTIM and t is the initial time TAU.

The effects of internal heat generation on the system are summarized by the net
rate of heat generation in the system GSys (GS), the total amount of heat generated

Hsys gen (GENS), and the resulting net temperature change (assuming constant heat
capacity and no latent heat effects) Tsysgen (TEMPLE), calculated at each time step
as follows:

G = 2. Gn

n
(II. B.4. 10)

Hsys gen =d GSys s
s

(II.B.4.11)

sys,gen sysgen/ sys (III.B.4.12)

where the s summation is over all the time steps up to the current time.
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C. PHASE CHANGE

In each node n of a material m with a specified phase-change or transition tem-

perature Tm between Tmin (TMIN) and Tmax (TMAX), and nonzero latent heat effect

AHAB the initial concentration of low-temperature phase an is calculated as follows:

1.0, Tn < Tm

an = (III.C. l. 1)

10.0, T> Tm

(the value specified for an in input BLOCK 9 will be used instead, if columns 67-71 of

the Problem Name card are "A=BLY').

The calculation of changes in phase concentrations and the effects on temperature

changes are done in two stages in each time step. In the first stage, an estimate is

made of the amount of phase change that will occur in node n, as follows:

anPest n At + (Tm - Tn nT At) cn/AHm, (Mfl.C. 1.2)

subject to the limits:

- an < an Pest < 1 an (IEL.C. 1.3)

The estimated temperature change in node n due to phase change is calculated as

follows:

AT nPest AanPest AHm/C n (III.C. 1.4)

This calculation is done before use of the iterative procedure described in Section I.H,

below.

The second stage of the phase-change calculation is done after the iterative pro-

cedure has been completed. A corrected amount of phase change is calculated as

follows:

Aa ~Aa +(T - T - AT' n/ ,(Mf. C.1. 5)n,P n,P,est m n AT') cn/AHm,

subject to the limits of Eq. (III.C.1.3). ATn is the total temperature change for node n,
exclusive of the final correction for phase change. The final temperature change in node

n due to phase change is calculated as follows:

ATn APReg = anP AH /Cn (LC. 1.6)
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The result of this method of calculation is that the temperature of a node remains
exactly at Tm while an is between 0.0 and 1.0, and the total amount of latent heat is
accounted for exactly. The latent heat effect is ignored in zero-volume nodes. Also,
the final correction does not affect the heat balance for the node, but converts sensible
heat to latent heat, or vice-versa, to make the phase concentration consistent with the
heat content and temperature of the node.
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D. CHEMICAL REACTION

The changes in concentration of components a and b in node n during a time step
At, due to chemical reaction, are calculated as follows:

&an R -a n At exp[Za n - Ea /R(Tn + T )] (HI.D.1.1)

n,R _bn atex[,n a ,n n 0
AbnR = bn fit exp(Zbn EbInR(Tn +To)] , (1I.D. 1.2)

where an and bn are concentrations (weight fractions) at the beginning of the time step,

Pan and Pb n are reaction orders, R is the gas constant, 1.987 cal/g mole - K, and the
Z and E values are estimated averages for the time step (see Section III.B. 1). T is the
constant added to convert temperatures to absolute temperatures, and Tn is an estimated
average node temperature for the time step, calculated as follows:

Tn = Tn + f At Tn ' (I.D. 1.3)

where f is the time-step interpolation factor (see Section III.I.4) and Tn is an estimated

rate of temperature change of node n (see Section III.I.3).

The temperature change in node n due to chemical reaction is initially calculated
as follows:

ATnRReg Qa,n &anR + ib,n AbnR)/Cn (III.D. 1.4)

where the Q values and Cn are estimated averages for the time step (see Section III.B).
If node n is a special node, part of the heat produced by chemical reaction is, in

effect, redistributed among other nodes in the system, and the resulting net tempera-
ture change in node n is given by

ATn,R ATnRReg/(1 + ftZn/Cn) (III-D. 1.5)

where Z is the total conductance of node n [Eq.(III.H.1.4)].
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E. INTERNAL HEAT GENERATION

The temperature change of node n due to internal heat generation during a time

step At is initially calculated as follows:

AT R =-G At/C, (Ifl.E. 1.1)ATn, G,Reg n t/ n,

where

Gn gn Vn (III.E. 1.2)

and gn is the estimated average volumetric heat-generation rate in the node during the

time step (see Sections II. C.8 and III. B). If node n is a special node, part of the heat

generated is redistributed, as a result of the iteration procedure, among other nodes

in the system, and the resulting net temperature change is as follows:

n, G ATn, G, Reg 1 + fatZn/Cn] (IILE.1.3)

where f is the time-step interpolation factor (see Section III. I. 4) and Zn is the total

conductance of node n [Eq.(Ill.H.l.4).
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F. INTERNAL HEAT AND REACTANT TRANSPORT

1. Internal Thermal Connections

The heat flow into node n from node k during a time step At, due to a thermal

connection, AHn k I is calculated as follows:

AHn, k, I =Un, k (Tk Tn) At = -AHk n I (III F. l. 1)

where Un k is an average conductance, calculated as described in Sections II. C.lOa

and III. B, and Tk and Tn are average temperatures for the time step. All nodes are

first treated as regular nodes. An iterative scheme is later used to find the solution

when special nodes are involved, to correspond to the following average temperature

values:

Nodes n and k both regular:

T T (III.F.1.2)n n

Tk = Tk (LI F. 1.3)

Node n regular, node k special:

Tn = Tn + fATnReg (M.F. 1.4)

Tk = Tk + f ATk (III.F. 1.5)

Nodes n and k both special:

Tn = Tn + f Tn (IILF. 1.6)

Tk = Tk + f ATk' (HL F. 1. 7)

where Tn and Tk are temperatures at the beginning of the time step; f is an interpolation

factor between 0.57 and 1.0 (see Section III. I.4); Tn Reg is the net temperature change

in regular node n due to all causes, excluding the final corrections made for connections

to special nodes (see Section III. H.4) and for phase change (see Section III. C); and

ATn and ATk are net temperature changes in special nodes n and due to all causes,

excluding the final correction made for phase change (see Section III. C).

The total heat flow across each internal thermal connection Hn k (FI), and the

average rate Hn k (FX), are calculated at each time step atS, as follows:

Hn,k,I ; ZUnk (Tk Tn) ts (III.F. 1.8)
5
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-

Hn k I = Hn k/ V Ats (III.F.l.9)
s

The rate for the time step, Un k CTk ' Tn) is also calculated.

The net temperature change in node n due to internal thermal connections, &Tn It
is initially calculated as follows:

nIReg C I - T) (Uk.F. .10)

For systems which include special nodes, the final results, after applying the iteration

scheme are as follows:

Regular nodes:

all S ec

AT (T +~~~ f. S U U (ATk nT g (III. F. .ll )I tL Unk kk Tn) I n, k ATn, Red

Special nodes:

all Reg

ATn I = At Unk (TkT +f Un, kTk, Reg ATn)
Cn k k

S ec

+ f 2 Un k (ATk A Tn) (III.F. 1.12)
k

2. Mass Flow Connections

a. Heat Transport

The heat flow into node n from node k during a time step at, due to mass flow,

Hn k F is calculated as follows:

n, k, F n, k (wn, k wn- t (lll.F.2.1)

where Fn, k is an average mass-flow rate, calculated as described in Section III. B;
wn k is an average specific enthalpy at the interface between nodes and k; and w is

the average specific enthalpy of node n. The wn term is included to insure an effective

mass balance for each node, so that each specified flow stream is implicitly

accompanied by an opposite flow stream at the average node temperature.

Just as for internal thermal connections, all nodes are first treated as regular

nodes, and an iterative scheme is later used to solve the implicit equations that result

when special nodes are present. The average specific enthalpies used for the various
cases are as follows:
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Nodes n and k both regular:

Wn = n f At n AHn =wn, Reg

Wk = k -f tak AHk Wk. Reg

nk (dk Wn, Reg +dn Wk. Reg)/(dn + dk) = Wn, k, Reg'

(III. F.2.2)

(III.F.2.3)

(III.F.2 .4)

where wn and wk are specific enthalpies, including latent heat, at the beginning of the

time step; f is the interpolation factor (see Section III. I.4); and i are estimatedn k
rates of phase change; Hn and AHk are latent heats of phase change; and dn and dk

are relative distances from the nodal points of nodes n and k to their interface. The

estimated phase change is included here to keep the iteration scheme simple but could

cause instability where phase change and mass flow interact strongly. Other cases are

as follows:

Node n regular, node k special:

Wn = Wn Reg + f Cn ATn, Reg

I f Cn ATn. Reg' n upstream
w =w In, k n, k, Reg k

l Ck Tk1 k upstream

(III.F.2.5)

(III.F.2.6)

where Cn and Ck are estimated average specific heats, and ATnP ATk. ATn Reg and

ATk Reg are defined in Section III. F.l,above.
Node n special, node k regular:

w w +f CATn n, Reg n n

f CnATn' n upstream

n, k wn, k, Reg +
f Ck ATk Reg' k upstream

(III. F.2.7)

(III .F .2.8)

Node n and k both secial:

w =w +fC ATn n, Reg n n

f Cn TATn

n,k nkReg +

f C k AT k

(Ill. F.2.9)

n upstream
(III.F. 2. 10)

k upstream
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It was found that the estimated change in interface specific enthalpy must be weighted
in favor of the upstream node in order to make the application of the iterative scheme
to the mass-flow equations stable. For simplicity, the change in the temperature of
the upstream node was substituted for an interpolated change in interface temperature.

Net amounts of mass flow across each mass flow connection, M (FLAPS),n, k
and average values Mn, k (FX),are calculated as follows:

Mnk , Fnk st.

s

(III. F. 2. 11)

Mnk Mn k/ Ats
s

(III.F.2. 12)

For each node, net rates of mass flow in, 'Fnin (FLINT), and out, Fn out (FLOUT);
net amounts of mass flow in, Mn in (FLIPS), and out, Mn out (FLOPS); and average
flow rate in, Mn in (FXl), and out, Mn out (FX2), are calculated as follows:

in

Fn, in = I Fn, k
k

out

F out = F k
k

(III. F.2.13)

(III. F. 2. 14)

M nin = I iF i at5
S

(III.F.2. 15)

Mn out = ; Fn out Ats
S

(III. F. 2.16)

Mn, in= Mn, in / ; ts
5

(III.F.2. 17)

Mn, out = Mn, out / I ts
5

(III. F. 2.18)

The net temperature change in each node due to mass-flow connections, ATn. '
is initially calculated as follows:

n. F, Reg C I 'n, k (wn, k, Reg wn, Reg' (III. F. 2.19)
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For systems that include special nodes, the final results, after applying the

iteration scheme, are as follows:

AT At Fnk (nk 
k

(III. F. 2.20)

where w k and wn are given for the various cases of flow direction and node classifica-
tion by Eqs. (III.F.2.2) to (III.F.2.10).

b. Reactant Transport

The changes in reactant concentrations an and bn in node n due to mass flow are
calculated as follows:

Aan, F = I Fn k (an, k an) At/PnVn
k

(IM.F.2.21)

AbnF Fnk (bnk bn) t/PnVn a

k
(M.F.2.22)

where the summation is over all mass-flow connections of node n; Fn kis an average

mass-flow rate for the time step, evaluated as described in Section III. B; an and bn
are estimated average concentrations in node n; and ak n and bk n are estimated
average interface concentrations, calculated as follows:

a = an + f At ann n (IM. F.2.23)

bn = bn + f At bn (Ill.F.2.24)

ak, n =(dn ak + dk an)/ (dn+ dk) (III.F.2.25)

bk, n (dn Uk + dkb)/(dn + dk), (IIL F.2.26)

where dn and dk are relative distances from the nodal points of nodes n and k to the

interface, and n and bn are estimated rates of concentration change (see Section III. I.4).

These equations are not unconditionally stable. The maximum stable time step

is appro.mately:

t max = 2 PnVn/ |Fn, kI(n downstream) . (M.F.2.27)

An iterative procedure like that used for temperature changes could be used for con-

centration changes due to mass flow, to obtain unconditional stability, but has not been
included in the program.
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G. SURFACE HEAT TRANSPORT

The heat flow into node n from boundary node b during time step At, AHn b E'
is calculated as follows:

AHn bE = Un, b (Tb T) At, (IILG. 1. 1)

where Un b is an average conductance calculated as described in Sections II. C. 10a and

III. B, and Tb and Tn are average temperatures for the time step. All nodes are first

treated as regular nodes, and the iterative scheme is later applied when special nodes

are included in the system. All nodes with connections to boundary nodes are classified

as special nodes.

Tb = Tb + f(Tb -Tb) (IILG. 1.2)

Tn = Tn (initially) (III.G. 1. 3)

Tn Tn +f ATn (finally), (III.G. 1.4)

where Tb and Tb are the boundary node (external) temperatures at the beginning and end of

the time step, found as described in Section III. B; Tn is the temperature of node n at

the beginning of the time step; and ATn is the net temperature change in node n due to

all causes, excluding any final phase change corrections.

The total heat flow across each surface connection,Hn b E(FS), and average

rate Hn b E(FX), are calculated each time step Ats as follows:

Hn, b, E 3 Un, b (Tb - Tn) Ats
s

(IMl.G. 1.5)

n, b, E =n, b, E/ s. (IILG.1.6)

The rate for the time step, Un b (Tb - Tn), is also calculated.

The total heat flow into the system from each boundary node, Hb (FB) and

average rate Hb (FX), are calculated each time step as follows:

Hb = 3 Hn, b, E (IILG. L7)
n

Hb =Hb/Z Ats.

s

(IILG. 1, 8)

The rate for the time step, I Un b

n
(Tb- T n), is also calculated.
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The net temperature change in node n due to surface connections, ATn E Reg'

is initially calculated as follows:

nE Reg C A;I U, b b T b) I T. | (IL G. 1. 9)
n b

The final result, after applying the iteration scheme, is as follows:

AT nE Z At Unb [Tb- Tn + f (T- Tb - AT) (.G.1.lO)
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H. ITERATIVE SOLUTION OF IMPLICIT EQUATIONS

1. Overall Temoerature Change Equations

The net temperature change is first estimated for all nodes, using the equations

applicable to regular nodes for the first estimate of phase change (III.C.1.4), internal

heat generation (III.E.1.l), chemical reaction (III.D.1.4), internal heat transport by

thermal (III.F.l.ll) and mass flow (III.F.2.19) connections, and surface heat transport

(III.G.l.9). This can be summarized by the equation

AT At
n, Reg Cn sn + T Un, b (Tb - Tn) + Un k (Tk - T)

b k

+Fk~ ('w - W ~I
) Fn, k(n,k,Reg nReg'
k

(III.H.1.1)

where Sn represents the net heat input into node n due to phase change, internal heat

generation, and chemical reaction. The complete equation for special nodes is as

follows:

ATn ATn, Reg C
,egCn

S~ec

/s UbnbTn+ k

b k
On k (ATk ATn)

Reg Spec up

+ 7 Unk(AT egATn) + 7
+k; n k k, Reg n
k k

Fn k (Ck ATk Cn AT n)

Re up

+ k
k

Fn, k (Ck ATk, Reg - Cn ATn)], (III.H.1.2)
nj 

where the mass-flow summations are only over nodes upstream of node n.

Equation III.H.1.2 can be solved for ATn as follows:

AT [ AT + fnn n, Reg Cn

(Snc Re

Unk ATk + Un, kATk, Reg
k

Spec up

+A
k

Fn Ic. ATk

Re up

+ t
k

Fn kCk AT kReg)] /(
n )

where

all

Z = EU +v U +cnn nb+ nk
bk

I, Fn, k 
k

(III. H. 1. 4)
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The only unowns on the right-hand side uf Eq. (III.H.1.3) are the ATk values, i.e.,
the temperature changes in other special nodes thermally connected to node n, or

upstream of node n in a mass-flow connection. This is the set of equations that is

solved iteratively, as will be described below.

The stability imit, Tn (SLIM), or time constant of a node, is given by the

expression

Tn = Cn, Zn (III.H.1.5)

and represents the largest stable time step that could be used for a regular node, and

physically, the approximate time required for a node to react significantly to changes

in the temperatures of nodes to which it is connected thermally or by mass flow.

The overall temperature-change equation for zero-volume nodes, ATn vl is of

particular interest, because of their usefulness for a number of special purposes (see

Section II. C.12). Because zero-volume nodes may not be used as sink nodes in mass-

flow connections and, when used as source nodes, the interface conditions are equal

to those in the zero-volume node, all the terms involving mass flow drop out of

Eqs. (III.H.1.3) and (II.H.1.4). The limiting form of Eq. (.H.1.3), as Vn approaches
zero, is as follows:

I ~~~~~~~all

Tn. | [ Un, b (Tb -Tn) k; Un, k (Tk - Tn) Un, b (T, Tb)

S ec ~ Reg all

+ Un kATk+ n kTk RegI/( Unk. )
k k bk

It can be shown by substitution that if Tn is in thermal equilibrium with the connected
nodes at the beginning of the time step,

/ ~~~all

Tnequil (Ž UnbTb+ ; UnkTk)/( Un b+ U.n k
b k b k

(Ill. H. 1. 7)

then the first two summations in Eq. (III.H.1.6) drop out; and, except for the final

correction to ATk Reg (see SectionIII. H.4), ATn zv will be just sufficient to keep the

temperature of the zero-volume node in equilibrium with the connected nodes at the

end of the time step. If the zero-volume node is not initially in thermal equilibrium,

and the factor f is :.0, the temperature change will also bring the zero-volume node
into equilibrium at :-e end of the time step.

In the first time step of the calculation. f is 1.0, to bring all zero-volume nodes

into thermal equilibrium with connected nodes. In later time steps, f varies between
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0.57 and 1.0 (see Section III.I.3), and the temperature of zero-volume nodes will

overshoot their equilibrium values at each time step, by an amount ATnexcess
given by the equation

ATn excess (1f) (Tn. equai Tn) + Un k (ATk Reg - ATk Reg, Corr)
k

The factor (1 - f/f varies from 0.0 to 0.75, so that any oscillation of Tn about the

equilibrium value is damped. The terms involving corrections to regular node

temperature changes interact in such a way that they are subject to the same damping

effect, and tend to be much smaller than the first term. In approaching steady state,

regular nodes are reclassified as special nodes, and the interpolation factor f

approaches 1.0, so that ATn excess tends to zero. Zero-volume nodes generally
maintain equilibrium values very closely with oscillations occurring only when strongly

time- or temperature-dependent properties or boundary conditions are used, or when

the iteration procedure converges too slowly (see Sections III. H.2 and III. H.3).

2. Iterative Procedure

The iterative scheme used in TRUMP was adapted and generalized from one

discussed by Evans et al.,22 which is unconditionally stable, provided coefficients in

the equations are not strongly temperature or time dependent. Convergence is

generally rapid, but the number of iterations necessary depends on the relative number

and time constants of interconnected special nodes in the system; the relative values

of conductances between such nodes; and the input value of TVARY, which is used in

the convergence test.

The equation used for the iterative scheme is obtained from Eq. (.H..2) by

making the following substitutions, where the superscripts p and p+l indicate the

number of the iteration:

AT (left side) - AT(P1) (III.H.2. 1)

ATn (right side)-(1 + g) AT P+l) - g Tnp) (IILH.2.2)

ATk (right side)- AT . (II.H.2.3)

The acceleration factor g must be zero or positive for convergence; and a value of 0.2

was finally chosen empirically, by minimizing the required total machine time for a

large group of test problems of various types. Use of zero for g caused stable
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oscillation rather than convergence in certain simple problems with symmetric heat

flow, while use of a larger value of g generally resulted in slower convergence. On

the first time step. and whenever special nodes are present, but not interconnected, g

is given the value zero. The first iteration then gives the final correct temperature

for such special nodes.
(p+l)

Solving AT n , after making the substitutions of Eqs. (IILH.2.1) to (l.H.2.3)

and finally substituting Zns results in the following equation:

n ATn, Reg
441 At r S ec

Zn L kI

Spec, up

+ I F.
k

()Reg
Unk a TkP) + Un, k ATk, Reg

k

kckTk +

Re ,up

k
nk ckATk ,Reg

+g Z ATp)] /lfC ( + g) ZnJ (lI.H. 2.4)

For the first iteration (p = 0), the following values are used:

AT(0) atk

(0) = t 
ATk )tTk

(M.H.2.5)

(M.H.2.6)

The difference between successive values of ATn in the iteration is given by:

E = AT -Tn n n (III.H.2.7)

E(P+l) = ft
n C

n

E(P+1) = f At
n E

n

S'ec

k

r 1 ~~Spec, uprI
U IAT(P) - AT(P- 1 ) + 7 F c~ IATj) - ATLP-')In, k I k k, k kk

+ g Zn ATP) - ATP 1) I/l + t (1 + g) ZnJ (II.H.2.8)

k P Spec,up
n, k k I;

k k

-Fn kckEk+ g ZE /

[1 + C~t (1 + g) (m.H.2. 9)

The values of ATM are calculated using Eqs. (.H.2.4) to (UILH.2.6), and the
(1) nvalues of En are then calculated as follows:
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E (1) = tT (l) -A t n.(II.H.2. 10)n n n

Then E 2) is calculated with Eq. (III.H.2.9), and AT (2) is found from the relationn ~~~~~~~~~~n

AT(P+l) = T(P) + E(p+1) (III. H. 2. 11)
n n n

This scheme is continued until the convergence criteria are satisfied, or until 80

iterations have been completed. In the latter case, a diagnostic statement is written out,

the results of the time step are discarded, and a new time step, half as large, is used.

If the time step has already reached its minimum value SMALL, another diagnostic

statement is written out and the problem is ended.

3. Convergence Criterion

The net correction to heat content and the net heat capacity of all special nodes are

calculated as follows:

Spec

AHnet) En En (M. H.3. 1)net nn

Spec

C net ; I n *(III. H.3. 2)n

The iteration procedure is stopped after any iteration in which the following conditions

are satisfied:

H (P) 10-5 C TVARY (III.H.3.3)net net

E P) ax< 104 TVARY, (III. H. 3.4)n, max

i.e., the net error in heat content is less than 10 5of the heat required to change the

temperature of all special nodes by the amount TVARY, and no special node (excluding

zero-volume nodes) has a temperature error greater than 10 4 TVARY. The net result

in most large problems is a net accumulative error, after several hundred time steps,

of no more than 0.01 TVARY in the average system temperature and 0.1 TVARY in in-

dividual temperatures, and much smaller errors if any surface temperatures are fixed.

A larger value of TVARY than would be used for transient problems may be specified,

to reach steady state with a minimum of machine time. However, in systems with no

external connections, this may result in a gradual drift of the final equilibrium tempera-

ture and, by requiring more iterations for convergence in each time step, may result

in a larger cumulative truncation error.

4. Final Corrections for Regular Nodes

After the final temperature changes have been found for all special nodes by the

iterative scheme described above, final corrections must be made to the temperature
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changes in all regular nodes connected to special nodes. This is necessary to obtain

a correct heat balance. The complete equation for regular nodes is as follows:

AT ~ AT +IA-t -cU (T AT )n, Reg, Corr n,.Reg C 4 n, k (ATk n,-Reg

Spec Down

2 I Fn, kcn ATn. Reg}. (LH. 4.1)
k

Corrections are also made to the flux values calculated for internal thermal connections

and surface connections, to correspond to Eqs. (.F.l.l) and (III.G.l.l).

-147 -



I. PREPARATION FOR NEXT TIME STEP

1. Reclassification of Nodes

The reclassification of nodes from regular to special depends on the input values

of KSPEC, TVARY, and DELTO in BLOCK 1. If KSPEC is negative, no regular nodes

can be changed to special nodes during the calculation, and the only special nodes will

be zero-volume nodes, surface nodes, and nodes for which the input value of KS, in

BLOCK 4, is nonzero. If KSPEC is positive, all regular nodes will be changed to

special nodes before the first time step, and the value of the interpolation factor FOR

can also be controlled (see Section IILI.3).

If KSPEC is zero at the end of each time step for which the maximum allowed

time step DELTMX was used (see Section III.I.2), and is less than DELTO, the stability

limits SLIM of all regular nodes are tested. Regular nodes for which SLIM is equal to

or less than 1.8 DELTMX are reclassified as special nodes. Since DELTMX is 2/3 of
the smallest stability limit of any regular nodes, all regular nodes with stability limits

from 1.0 to 1.2 times the smallest value are reclassified as special nodes. This range

was empirically chosen to minimize the required computation time for a large group of
test problems.

The larger the value of TVARY, the sooner the size of the time step (see Sec-

tion III.I.2) will become large, relative to the stability limits of most of the nodes in the

system, and the sooner they will be reclassified as special nodes if KSPEC is zero.

2. Control of Time Stet

The user may specify minimum and maximum time steps SMALL and DELTO and

a desired average maximum temperature change per time step TVARY, and choose the

method of calculation, by specifying that certain nodes be special nodes (with KS in input

BLOCK 4) and by using KSPEC in input BLOCK 1 (see Section II.C.15). These, and a

number of other factors, all affect the way in which the time step varies as the calcu-

lation proceeds.
-12 -ouendstThe first time step (KCYC=O) is always 10 . This allows zero-volume nodes to

reach equilibrium, and allows time derivatives to be established. At the end of the first

time step, and each succeeding time step, the minimum stability limit, n (SLIM), of

any regular node in the system, Atstab' is found. This search is skipped after the first
time step, if no change can occur in the stability limits and node classifications. The

12maximum alowed time step, DELTMX, is then set at 2/3 of atstab' DELTO, or 10

whichever is smaller. However, DELTMX is not allowed to be less than 10 10, so

that no regular node should have a stability limit in (SLIM) less than 1010, and
-10 -tuctoDELTO must not be less than 10 . Use of 2/3 Atstab greatly reduces time-truncation

error in coarsely zoned systems, compared with use of Atstab' The minimum time step,

SMALL, is initially set equal to SMALT, the input value of SMALL. If SMALL is equal

or greater than DELTMX, SMALL is reduced to slightly less than DELTMX so that the

input value cannot force an unstable time step to be used. If no input value of SMALL is
specified, if at least 1/4 of the nodes in the system are regular nodes, and if DELTMX

12
is not equal to 10 , SMALL is set equal to 1/100 of DELTMX.
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Next, the largest temperature change for the time step, DTEMP, is found, ex-
clusive of zero-volume nodes on the first two time steps. Another quantity, DTMAX,

is the product of TVARY and either the largest percentage change that took place in any

tabulated property, or 1/40 of the number of iterations required for convergence,

whichever is larger. The ratio Rs is then calculated as follows:

Rs = TVARY/(DTEMP, DTMAX)max' (III.I.2.1)

If Rs is less than 0.5, and Ats is greater than 1.01 SMALLS, the time step will be re-
peated. If there are no regular nodes in the system, R is reduced by a factor of 100

for the first time step, to insure that the calculation starts out smoothly. For values

of Rs less than 1.0, a new ratio is calculated:

5~~~~
R = R2s, Rs ' 0.5. (III.I.2.2)

For values of Rs greater than 1.0, a new ratio is calculated:

Rs = 0.5 (1 + R ), R s 2.0. (III.I.2.3)

The new time step is then calculated as follows:

at =At R (III.I.2.4)

ht.+1 SMALL (III.1.2.5)

at s+l DELTMX. (mU.I.2.6)

This method provides a continual gradual adjustment in the size of the time step to ob-

tain a maximum temperature change of TVARY, or a maximum change in any tabulated

property of 16, and to prevent the number of iterations from averaging more than 40.
The calculation of RI provides for a rapid decrease in At when these limits are exceeded,

5
with a more gradual increase in At when the changes are smaller than these limits.

An additional adjustment in the size of the new time step is made if the input value

of Atp (TIMEP) in BLOCK 1 is positive. This is done by multiplying the unadjusted new
time step, At,+, (DELT) by a factor as close as possible to 1.0, and in the range from

2/3 to 1.5, so that the remaining time to the next desired printout time is an integer

multiple of the adjusted time step. Also, the adjusted time step must remain in the

range from Atmin (SMALL) to Atmax (DELTMX). The remaining time to next desired
printout time is first calculated as follows:

At'm =[at (l + t/ate ) - t] modulo At (III.I.2.7)

where the vertical bars indicate that the integer value of the expression is to be used.

An adjustment is made to insure that Atrem is at least 2/3 of the unadjusted new time

step:

At (atrm Ats |1 /!(5rem t l | III2. 8)At :At- + At 9 -rem rem pi- rem siIp
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The number of time steps remaining until the next printout time is then estimated as

follows:

Np = emt /t s+ + 051,

and the adjusted new time step calculated as follows:

Ats+1 atrem INp

If ts+l is less than SMALL, the next smaller positive value of Np is used. If At s+ is

greater than DELTMX, the next larger value of Np is used. The limit in Eq.(III.I.2.6)

is then reapplied. The adjustment factor is always between the limits 2/3 and 1.5, and

should average much closer to 1.0 if Ats+1 is small compared with At . This method

provides a continual minimum adjustment in the size of the time step, if possible, be-

tween the limits SMALL and DELTMX, to obtain the desired printout times.

If a maximum problem time tmax (TIMAX) has been specified, the new time step

is also limited as follows, so that t will slightly exceed tmax on the last time step:

at s+1 tmax t +10 (III.I.2.9)

The small increment (10 12) insures against truncation error.

When KSPEC is not negative, the limit in Eq. (III.I.2.8) is seldom reached, since

nodes are reclassified as special nodes when their stability limits are less than 1.8

DELTMX.

3. Estimation of Time Derivatives

Time derivatives of temperatures are used in estimating the average temperatures

during the time stepto evaluate temperature-dependent tabulated properties, and are

used to obtain the first estimate of temperature change in special nodes to begin the

iterative heat-balance calculation. Time derivatives of phase concentrations are used

to make the first estimate of the amount of phase change during the time step. Time

derivatives of reactant concentrations are used to estimate the average concentrations

in the nodes for the calculation of concentration changes due to mass flow.

The average time derivatives for the next time step are estimated at the end of

each time step, from the rates of change calculated for the latter time step. The esti-

mate makes use of the ratio of the maximum rates of change for the two preceding time

steps, R c' and the ratio of the extrapolated time interval to the preceding time interval

between the midpoints of the time step, Rt:

/AT max, s l\AT max, s 1113
Rc ( It- )/ +ss (III.I. 3.1 )

c At 0.5 / S AtI

Rt = (At s+ + Y/ (t 5 + At -1 ), 0. 5 :s Rt s 2.0. (III.1I. 3.2)

-1 50-



The limits on Rt result from the limits placed on changes in the size of the time

step, i.e., no more than a factor of 2. If Rc is greater than 1.0, i.e., the maximum

rate of temperature change is decreasing, the estimate is based on the assumption that

all temperatures are approaching equilibrium exponentially, with the same time con-

stant. In that case, the ratio between the slope at the center of the next time step,

atS+ to the slope at the center of the time step just completed, At., is given by Fc,
as follows:

-R 24
F = R c 10 2 F 5 1. (III.I.3.3)

If Rc is less than 1.0, i.e., if the maximum rate of temperature change is in-

creasing, the estimate is based on the assumption that the temperature changing most

rapidly is following a quadratic curve and that the ratio between successive slopes is

the same for all nodes. In that case, F is given by

Fc 1 + Rt(1 - R), 1 s F s 3. (M.I.3.4)

The upper limit on F results from the limits on the value of Rt. This is a more

conservative estimate than assuming an exponential increase, which would result in a

greater estimated change in slope. In no case are the signs of the derivatives changed.

The estimated time derivatives are then calculated as follows:

Tn = Fc (AT ns/ats) (III.I.3.5)

An = Fc (An,s/Ats) (11I.I.3.6)

Bn = Fc (AB s/&ts) (1I..3.7)

To safeguard against several possible sources of instability, the following pre-

cautions are taken: (a) F is fixed at 1.0 for the first two time steps; (b) Fc is fixed at

1.0 for two time steps after any time step has been rejected, or a regular node has been

reclassified as a special node; (c) time derivatives for the initial time step (At = 10 12)

are zero; (d) time derivatives of zero-volume nodes are fixed at zero for the first two

time steps; (e) time derivatives of other special nodes are calculated as follows for the

first two time steps:

Tn, special (ATns/&ts)/( + Ats Zn/Cn)a (III.I.3.8)

where Zn is the total conductance of the node, including all thermal connections and

including mass-low connections for which the node is a sink-this produces a more

accurate result for special nodes with stability limits small compared with at. (f) time

derivatives are multiplied by 10 24 whenever they change sign.

Each of these safeguards has been found necessary for some particular type of

problem.
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The user may also cause all time derivatives to remain fixed at zero throughout

the problem, by specifying a positive value of NDOT in data BLOCK 1. This will usually

reduce accuracy and increase machine time, but may be done to investigate the effect

of using time derivatives, or to compare calculational results with those of a program

that does not use time derivatives.

4. Estimation of Interpolation Factor

The interpolation factor f (FOR) is used (a) to estimate average values of tempera-

tures during the time step, for use in evaluating temperature-dependent tabulated prop-

erties; (b) to estimate average values of reactant concentrations for use in calculation

of concentration changes due to mass flow; and (c) to interpolate between initial and

final temperatures for the time step, to obtain the temperatures used to determine rates

of heat flow for thermal and mass-flow connections involving special nodes. The values

of f corresponding to use of forward, central, or backward difference equations are

0.0, 0.5, and 1.0, respectively, for the use listed in (c), above. In TRUMP, f is

usually allowed to vary between 0.57 and 1.0, depending on the estimated ratio between

successive rates of temperature change Fc (see Section 11.I.3 preceding), as follows:

f = [0.57,(l.OFc) /(1.0 + F )dmax' (III.I.4.1)
maxcma

where the maximum of each bracketed pair of values is used. It can be shown that the

heat-transport difference equations [Eq. (III.H.1.2)J are only stable if f is 0.5 or

more, for time steps larger than the time constant of any node [Eq. (III.H.1.5)]. In

addition, small oscillations in the solution do not damp out unless f is greater than 0.5.

The minimum value for f, 0.57, was empirically chosen to optimize the stability and

accuracy of a large number of test problems.

The form of Eq.(III.I.4.1)was chosen to give f a value close to the interpolation

factor required to obtain a correct average temperature when temperatures are ap-

proaching equilibrium values exponentially, i.e., near 0.5 when slopes do not change

appreciably over a time step, and near 1.0 when large time steps are used near

equilibrium. Thus the accuracy inherent in use of central-difference equations is ob-

tained, without the undamped oscillations resulting from such equations when rapid

changes occur in boundary conditions or temperature- or time-dependent properties,

during the part of a problem in which temperature changes are rapid. The interpola-

tion factor is gradually shifted toward 1.0 as equilibrium is approached, to maintain

accuracy that is lost when central-difference equations are used. Approach to equilib-

rium is usually too rapid when forward- or central-difference equations are used. A

much more accurate approach is obtained by the method used here. During the transient

part of the problem, the value of f used need not be exact, as errors averaged over

several time steps are usually much smaller than the error for a single time step, a

particular characteristic of the conduction equation.
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As an additional safeguard against possible sources of instability, the value of f
is always fixed at 1.0 for the initial time step (At = 1 l) and for any time step follow-

ing a rejected time step. This insures that zero-volume nodes and other nodes with

small stability limits reach equilibrium with nodes to which they are connected, without

overshoot and resulting damped oscillation [see Eq.(III.H.1.8)J, after any change in a

boundary condition or a temperature- or time-dependent property.

The user may control the value of f used on other time steps by specifying in

data BLOCK 1, avalue of KSPEC of 2, to fix f at 1.0-or, if KSPEC is 3, to fix f at 0.5.
In both cases, all nodes are reclassified as special nodes before the first time step, so

that the resulting calculation method is either the "backward" or "central" method,

respectively; this will generally reduce accuracy and increase machine time, but it

may be done to investigate the effect on accuracy or to compare calculational results
with those of a program in which one of those methods is used.

5. Testing Criteria for Ending Problem

Before beginning the next time step, the various input criteria and the steady-

state criteria (see Section II.C.14) are tested. The limit on machine time (msec) is

only tested on time steps for which the cycle counter (KCYC) is divisible by 2000/

NODES, to reduce the machine time used to call the TICHEK routine. This interval

was chosen so that the test is made approximately every 2 to 10 sec.

-153-



IV. The Program

A. GENERAL

The TRUMP program consists of a main program and several subroutines.

The language is mostly FORTRAN IV, with a few statements, primarily in optional

parts of the program, specific for the computers and versions of FORTRAN in

use at LLL. All versions in present use at LLL are combined in a single

FORTRAN source deck. When compiling to obtain a specific version, the choices of

inclusion or exclusion of the various optional parts of the program, and the dimensions

assigned to variable arrays, are determined by the values of several parameters in

the main program. When recompiling with new values of any of these parameters,

only these subroutines directly affected by the change, as shown in Table 4, must be

recompiled. Compilation of optional statements and subroutines are controlled by

FORTRAN DIF statements, which test the values of various parameters and indicate

the statement labels to which the compiler will skip during compilation. If the DIF

statement or an equivalent is not available in a language to which TRUMP is being

adapted, special versions may be formed by removing the indicated statements by hand.

The TRUMP program has been in use at LLL since July 1, 1966, and superseded

the HARC and HEART THROB transport programs in use since 1961.3*

All parts of the program have been thoroughly checked for accuracy and efficiency.

The results of a large number and variety of problems have been carefully analyzed and

compared with analytic solutions, with the results of other computer programs, and

with experimental data.

Information concerning system subroutines used in TRUMP, for which equivalent

subroutines may not be available at another computer installation, is available from the
Computer Information Center, LLL, Livermore. 9 -17

See the Introduction to this report, for a partial listing of users of TRUMP.
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Table 4. TRUMP subroutine characteristics.

Input Parameters determining compilation of
data

Name blocks Cliches used Labeled common blocks used Entire subroutine Some statements

MAIN - STORKSTORE - MV36ST, MVS6DS, MV6SST, M8, M12

KITTY - STORK GOBCOM (System) KITTEN, MACINE

HEART - STORK,STORE.STORM - MACHINE

THERM 2,4,12 STORK.STORE.STORM ACHEMS - M3.M8 ,M1 2

GEN 8 STORK.STORESTORM AGEN M8 M12

CHEM 3 STORK.STORESTORM ACHEM.ACHEMS ml M12

FINK S STORK,STORE.STORM AFINK -

FLOW 10 STORKSTORE.STORM AFLOWAFLOWSACHEMS M10 M3.M1 2

S'RE 6,7 STORKSTORE.STORM ASURE,ASURES M6 .M7 M12

SPECK - STORK.STORE,STORM ASPECK, AFLOWS, ACHEMS - M6 * M7 M 0

TALLY 1, 9 STORK. STORE. STORM ACHEMS - M3 , M8

PLOT 11 STORK.STORE.STORM APLOT M1 .Mi KPLOTR,KPLOTL.KPLOTT

PRIME 2(*Mast) STORKSTORE APRIM KPRIME . MACHINE

PATCH - STORK - - MACHINE

REFER - STORE - -

SEEKI - STORE - -

SEEK 2 - STORE - -

TIMER - STORK - - MACHINE
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B. TRUMP SUBROUTINES

1. General

TRUMP consists of a main program and several required and optional subroutines,

divided according to logical function, the sequence of calculations, and the various

modes of heat production and transport. The subroutines required for all heat conduc-

tion problems are HEART, THERM, FINK, SPECK, TALLY for the input, initialization,

and time-step phases of the calculation; PATCH, SEEK1, and SEEK2 for the input phase

only; and REFER for the initialization phase only. The optional subroutines include

GEN for problems with internal heat sources and sinks, CHEM for problems with

chemical reaction, FLOW for problems with motion of conducting materials (or body

forces in flow problems where pressure replaces temperature as the dependent variable),

and SURE for problems with variable boundary conditions. Other optional subroutines

include KITTY for use of TRUMP as a controllee under the Livermore Timesharing

System, PLOT for production of graphical output with the dd8O plotting system,

PRIME for obtaining material property data from a master data file 1 9 and for transferring

data from one file to another, and TIMER for obtaining the machine time used by each

problem. The additional entry points THERMi and THERM2 in THERM are for calcu-

lation of transitions involving latent heat, such as melting. The additional entry point

TALLY1 in TALLY is for the option of punching a card deck in the format of input Data

BLOCK 9, containing the final values of temperature, phase or reactant concentrations,

and constant heat-generation rates for the problem.

Some of the characteristics of the TRUMP subroutines are summarized in Table 4

and in the "Glossary," Section IV.G.5.

2. Mlain Program

The main program contains all PARAMETER and CLICHE statements used in the

program. The parameters control the compilation of various optional and machine-

dependent parts of the program, and the dimensions of most variable arrays. CLICHE

STORK contains the PARAMETER statements. CLICHE STORE contains the first part

of blank common, used in all subroutines except KITTY, PATCH, and TIMER. CLICHE

STORM contains the remainder of blank common, used in all subroutines except KITTY,

PATCH, PRIME, REFER, SEEK1, SEEK2, and TIMER.

The main program is the normal initial entry point when a source or object deck

is being loaded under control of the Monitor System. When used as a controllee executed

under control of a remote teletype, KITTY is the initial entry point. Before HEART is

called, the compilation date (entered by hand in the source deck) is written out. Normal

exit (return of control to the Monitor System) takes place from the main program, after

returning from HEART.
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3. KITTY

Subroutine KITTY is the initial entry point when TRUMP is used as a controllee

under the Livermore Time Sharing System. In KITTY, the CODROP subroutine is

called, to create a copy of the TRUMP controllee disk file, and transfer execution to

the new file, named +TRUMP, so that the file TRUMP will be saved. A FROST call is

made to obtain the name of the data input file, NFILE, from the "TRUMP NFILE/TV"

teletype execute line. Logical input unit 2 is assigned to the disk file NFILE, and HEART
is called.

4. HEART

Subroutine HEART is the logic control center of the TRUMP program. All calls

to other TRUMP subroutines except PRIME, PATCH, SEEK1, SEEK2, REFER, and

TIMER are made from HEART. Before any input data are read in, several flags are

initially set, and calls are made to ERRORS to set underflows to zero. Calls are made

to initially set the dd80 subroutines, and the machine clock is monitored. Any TRUMP

control cards preceding the first Problem Name card are read in, and the appropriate

variables are reset or initially set, and calls are made as necessary to control input

and output unit specifications.

After the Problem Name card has been read in, various arrays are initially set

depending on the value of the data carryover control in column 72. If data are being

carried over from the preceding problem, TALLY is called to initially set node classi-

fications and the initial conditions for the new problem.

Block Number cards are then read in, and the appropriate subroutines are called

for reading in data from the various data blocks. After the Data End card is read in,

the Problem Name and the integer value on the Data End card are stored in new loca-

tions, and subroutines TALLY and SPECK are called to initially set variables before

the first time step.

At the beginning of each time step, the time-step counter is incremented. Calls

are then made to the subroutines required for the time step calculations, and to sub-

routine PLOT for production of graphical output at intervals determined by the input

data. After each time step is completed, various tests are made to determine whether

the problem should be continued, ended, or interrupted and saved for later continuation.

If the problem is ended, the input file is read again and TRUMP control cards and

Problem Name cards are handled as described above. If the problem is to be inter-

rupted, system subroutine OFFMON is called.

When restarting with system subroutine ONMON or ONMONS, from a file pro-

duced by OFFMON, the input file is read in search of a "*DISCO" TRUMP control card

to determine whether or not a previously interrupted problem is to be continued or

ended. If the latter, the last time step is completed before reading in data for the next

problem.

The machine clock is monitored at the beginning of each problem, again after all

data has been read in, and again when the problem is interrupted or ended.
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All data read in from the input file are written out, and statements are written

out concerning the Problem Name, clock time, date, machine designation, machine

time used, data carryover, specification of input and output files, interruption and re-
start, and the end of each problem.

HEART calls TRUMP subroutines THERM, THERM1, THERM2, GEN, CHEM,
FINK, FLOW, SURE, SPECK, TALLY, TALLY1, PLOT, and TIMER, and returns to
IAIN or KITTY after reading in a "SPLIT" TRUMP control card.

5. THERM

Subroutine THERM is entered to read in the data items in data BLOCKs 2 (material
properties), 4 (node descriptions), and 12 (nodes with properties dependent on tempera-
tures of other nodes). All input data and immediately derived data, such as table
slopes, material enthalpies, and node classifications and volumes, are written out.

For the first time step, subroutine THERM is entered to initially set cross-
reference tables that relate the node list to the material list and relate the remote

temperature dependence list to the node list. The node conductivities, masses, heat
capacities, and heat contents, and the total material volumes, masses, heat capacities,
heat contents, and average temperatures, are calculated.

The phase concentrations in materials with transitions involving latent heat are
initially set.

For each time step, THERM is entered to recalculate any of the quantities above
that are variable. At intervals determined by input data, summary data are written out
for each material, listing name, number, heat capacity, heat content, average tem-
perature, transition temperature, and latent heat of transition. Summary data are
written out for each node, listing number, material number, classification, location,
volume, mass, heat capacity, conductivity, net conductance, and time constant.

If the problem includes nodes having transitions with latent heat, THERM is
entered at each time step at entry THERMi to estimate the amount of latent heat re-
leased or absorbed in each such node. THERM is entered at entry THERM2 after tem-
perature changes are calculated in subroutine SPECK, for the final calculation or
release or absorption of latent heat. THERM calls TRUMP subroutines PATCH,
PRIME, SEEK1, SEEK2 and REFER and returns to HEART.

6. GEN

Subroutine GEN is entered to read in the data items in data BLOCK 8, the list of
nodes with variable heat-generation rates. All input data and immediately derived data,
such as table slopes, are written out.

For the first time step, GEN is entered to initially set the cross-reference table
that relates the variable-heat-generation tables to the node list. At each time step, all
variable heat-generation rates are recalculated, and the heat added to or removed from
each node by variable or constant heat generation is calculated.

GEN calls TRUMP subroutines SEEK1 and REFER, and returns to HEART.
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7. CHEM

Subroutine CHEM is entered to read in the data items in data BLOCK 3, the reactant

list. All input data and immediately derived data, such as table slopes, are written out.

For the first time step, CHEM is entered to initially set the cross-reference

table that relates the material property list to the reactant list, and to initially set the

heats of reaction, log collision frequencies, and activation energies of all nodes of

materials containing reactants.

For each time step, any of these quantities which are variable are recalculated,

and the heat added to each reacting node is calculated. At intervals determined by

input data, if any of the input quantities are variable, their values in each reacting node

are written out.

CHEM calls TRUMP subroutines SEEKi and REFER, and returns to HEART.

8. FINK

Subroutine FINK is entered to read in the data items in data BLOCK 5, the thermal

connection list. All input data and immediately derived data, such as connection areas,

are written out.

For the first time step, FINK is entered to initially set the cross-reference table

that relates thermal connections to the node list, and to initially set the conductances of

each connection.

At each time step, FINK is entered to recalculate the conductance of connections

with thermal radiation or involving nodes with variable thermal conductivity, and to

calculate the amount of heat flow across each connection, based on the temperature

difference at the beginning of the time step.

At intervals determined by input data, summary data for each thermal connection

are written out, including the node numbers, area, interface conductance, radiation

view factor, overall conductance, cumulative total heat flow, and average rate of heat

flow, across the connection.

9. FLOW

Subroutine FLOW is entered to read in the data items in data BLOCK 10, the mass-

flow connection list. All input data and immediately derived data, such as table slopes,

are written out.

For the first time step, FLOW is entered to initially set the cross-reference

table that relates the mass-flow list to the node list, test for connections between dif-

ferent materials, calculate the geometric factors used to determine the interface con-

ditions for each connection, reorder connections with negative mass-flow rates, and

initially set variables used to summarize the mass-flow rates and cumulative flow for

connections and nodes.

At each time step, FLOW is entered to recalculate variable mass-flow rates and

to calculate the amounts of heat transferred by mass-flow across each connection,

based on temperatures and enthalpies at the beginning of the time step and estimated
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values of latent heat release or absorption during the time step. The changes in

reactant concentration due to mass flow are also calculated, based on estimated aver-

age values of reactant concentrations during the time step.

At intervals determined by input data, summary data are written out for each

mass-flow connection, including the node numbers, the flow rate, the total flow, the

average flow rate, and the geometric factors used to determine the interface conditions.

Summary data are written out for each node with one or more mass-flow connections,

including the node number, the net flow rates in and out, the total amounts of flow in

and out, the average flow rates in and out, and the average residence time of material

in the node.

FLOW calls TRUMP subroutines PATCH, SEEK2 and REFER, and returns to

HEART.

1 0. SURE

Subroutine SURE is entered to read in the data items in data BLOCK 6, the surface-

connection list, and in data BLOCK 7, the external-temperature (boundary-node) list.

All input data and immediately derived data, such as connection areas and table slopes,

are written out.

For the first time step, SURE is entered to initially set the cross-reference tables

that relates the surface-connection list to the node list and the boundary-node list. The

initial values of several quantities are calculated, including the conductance of the sur-

face connections.

At each time step, SURE is entered to calculate the cumulative heat flow across

each surface connection, the new boundary node temperatures, the new surface-

connection conductances, and the amounts of heat flow across each surface connection.

These calculations are based on estimated average conductances during the time step,

surface-node temperatures at the beginning of the time step, and boundary-node tem-

peratures at the end of the time step.

At intervals determined by input data, summary data are written out for each

surface connection, including the surface and boundary node numbers, the connection

area, the surface conductance, the free-convection exponent, the radiative transfer

form factor, the overall conductance, and the net heat flow and average heat-flow rate

into the surface node from the boundary node. Summary data are written out for each

boundary node, including the boundary node number, the external temperature, and the

net heat flow and average heat-flow rate into the system from the boundary node. The

total heat flow and average flow rate into the system for all boundary nodes are also

written out.

SURE calls TRUMP subroutines PATCH, SEEK2, and REFER, and returns to

HEART.
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11. SPECK

Subroutine SPECK is entered after all input data have been read in, and, for the
first time step, to initially set various quantities.

At each time step, SPECK is entered to make the final calculation of heat flow
across surface connections, and across internal thermal and mass flow connections
including nodes classified as special nodes. This calculation is based on interpolated
values of special node temperatures during the time step, weighted from 0.57 to 1.00

toward the temperatures at the end of the time step.

When special nodes are connected to each other, an iterative calculation is re-
quired, which is done by an accelerated method and imposes strict convergence criteria
on average and individual temperature changes. Diagnostic statements are written out
if a specified maximum number of iterations are required, and if the problem must be
ended because of convergence failure when the smallest allowable time step is being
used.

Heat flow into regular nodes connected to special nodes is corrected to maintain
an exact heat balance for each connection.

At intervals determined by input data, summary data are written out, including
the number of time steps completed; the total, average, and maximum number of itera-
tions used; and the temperature interpolation factor.

SPECK returns to HEART.

12. TALLY

Subroutine TALLY is entered after the Problem Name card of a continuation prob-
lem has been read in, to determine the initial conditions and node classifications for the
new problem. Subroutine TALLY is entered to read in the input data in data BLOCK 1,
which include output controls; criteria for ending the problem; geometric, unit-system,
and accuracy controls; and various system constants. All input data and immediately
derived data are written out. Subroutine TALLY is also entered to read in the input
items in data BLOCK 9, the initial condition list. All input data and immediately derived
data are written out.

After all input data has been read in, TALLY is entered to write out a summary
of the number and sizes of input data blocks, data carried over from preceding problems,
the number of tables of various types, the numbers of certain types of input items, and
the amount of memory used for groups of variables and arrays required for various
input-data options. The problem time, the size of the first time step and interpolation
factor, and other variables are initially set.

Subroutine TALLY is the time-step control center of the program. At the end of
the first time step, TALLY is entered to initially set several variables used thereafter
in TALLY. At the end of every time step, TALLY is entered to determine the maxi-
mum stable time step for regular nodes. Nodes may be reclassified as special nodes
to keep the size of the time step from being limited. The largest temperature change
for the time step is found. The results of the time step are accepted or rejected, based
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on input data, the largest temperature change, and changes in tabulated quantities during

the time step. The size of the next time step is determined based on a number of

criteria. The interpolation factor and slope-correction factor for the next time step
are determined. The new values of temperatures, phase and reactant concentrations,

and their rates of change are found, and heat-balance data are updated. Various

criteria for ending the problem are tested. Various criteria for producing output data

for the time step are tested. When required, summary data for the time step are
written out, including heat-balance data for the system, new values, change and rates

of change of temperatures and phase and reactant concentrations, and heat-balance data

for the nodes. Other special output data may also be produced if required by input data.

TALLY is entered at entry point TALLY1 when a problem is ended or interrupted,
if required by input data, to punch the final conditions of the problem in the format of
data BLOCK 9. These cards may be added to the original data deck as a means of con-
tinuing the problem.

TALLY calls TRUMP subroutines PATCH, SEEK1, REFER, and TIMER, and

returns to HEART.

13. PLOT

Subroutine PLOT is entered to read in the data in data BLOCK 11, which contains

the controls and specifications for producing graphical output data. All input data and

immediately derived data are written out. For the first time step, plot is entered to

initially set the cross-reference table that relates the time plot node list to the main

node list.

At intervals determined by input data, PLOT is entered. If required, plots and a

table of temperature vs node location are produced. Data are processed and stored to

be used at the end of the problem for producing plots and tables of temperature vs time

for certain nodes specified indataBLOCK 11. If required, plots and a table of maximum

and minimum temperature vs node location are also produced at the end of the problem.

If required, a plot of node location vs time for various isotherms is produced at the end

of the problem, for the nodes specified in data BLOCK 11.

PLOT uses the dd8O plotting routines to produce graphical output. The inital dd80

calls for identification, character set, and page format are made in HEART.

PLOT calls TRUMP subroutine REFER, and returns to HEART.

14. PRIME

Subroutine PRIME is called by subroutine THERM whenever a "*MAST" control

card is read in. If variable MALL on that control card is zero, PRIMES reads in the

input data for the optional selection list of master material identification numbers and

secondary identification numbers. Input data, including data on the "*MAST" control

card, and optional unit conversion factors, are written out, PRIME is used to read in
the master materials data list and write out the secondary materials data list, after

optionally converting the units to a new system, for either all the materials on the
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master list, or just those specified on the optional selection list. In the latter case,

the secondary material identification numbers are substituted for the master material

identification numbers. All data transferred are written out, as are some summary

data and some diagnostic data that may result from errors. The secondary list then

becomes the input list for BLOCK 2 items. An option is available for specifying another

I/O unit to be used for the input list, after returning to THERM.

PRIME is also used when the optional "*DECKS" control card is used. If a prob-

lem is interrupted by Sense Switch 1, PRIME is called by HEART to copy all remaining

data decks up to the next end-of-file mark on the input unit (on units NRS, NR, and NB,

a card with an "$" in column 1 will be recognized as an end-of-file mark) onto the unit

NDATA specified on the "*DECKS" card, using a buffered I/O routine. The file made

on unit NDATA may then be saved and used in a later job as in input file.

PRIME returns to the calling routine, which may be HEART ("*DECKS" option) or

THERM (*MJAST" option).

15. PATCH

Subroutine PATCH is entered during the input phase of the problem, to test cer-

tain input variables in several data blocks. These variables are initially read in as 10

separate Hollerith characters. In PATCH, these characters are tested to see if any of

them is a decimal point. If so, the array of 10 characters is converted to a floating

point number and assigned to the input variable. If not, a floating point number in the

subroutine argument list is assigned to the input variable. A sentinel is also returned,

indicating whether or not a decimal point was found.

PATCH is used or several purposes. Data in data BLOCK 1 are substituted for

certain input variables when the data field on the input cards is blank. Other input

variables have specific values, written into the program, assigned to them when the

input data field is blank. Other input variables have data fields in columns 72 through

80 of the input cards, vhich may contain Hollerith data when produced by certain pro-

cedures. It is sometimes convenient to purposely put Hellerith data, as a comment, in

the data fields of input variables tested by PATCH, when numerical values of those

variables are not needed.

PATCH returns to the calling routine, which may be THERM, FINK, FLOW,

SURE, or TALLY.

16. SEEK1

Subroutine SEEK1 is entered only during the data-input phase of the problem,

whenadataBLOCK2, 3, 4, 7, 8, or 9 of type B is being read in. The list of identifica-

tion numbers previously read in for the same data block is searched, in reverse se-

quential order, to find one equal to the last one read in. If one is found, the sequence

number in the list is returned, so that the new input data can be substituted for the old

input data. If one is not found, the new input data are added to the end of the list.
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This procedure allows input data already in memory to be modified, or new data

added, with a minimum number of input data cards. The data to be modified may have

been carried over from a preceding data deck, or read in as an item in a separate data

block, or as a preceding item in the same data block.

SEEK1 returns to the calling routine, which may be THERM, CHEM, GEN, SURE,

or TALLY.

17. SEEK2

Subroutine SEEK2 is entered only during the data input phase of the problem,

when a data BLOCK 5, 6, 10 or 12 of type B is read in. SEEK2 has the same function

and follows the same procedures as SEEKI, except that the search is for a pair of

identification numbers which are the same as the pair just read in.

SEEK2 returns to the calling routine, which may be THERM, FINK, FLOW, or

SURE.

18. REFER

Subroutine REFER is entered only during the first time step, to produce cross-

reference tables relating various input-data item lists to others. The sequence number

in the node list (dataBLOCK 4) must be found for all nodes listed indataBLOCKs 1, 5, 6,

8, 9, 10, 11, and 12. The sequence number in the reactant list (dataBLOCK 3) must be

found for each reactant listed indataBLOCK 2. The sequence number in thematerial

list (dataBLOCK2) mustbe found for each material listedindataBLOCK4. The sequence

number in the boundary-node list (data BLOCK 7) must be found for each boundary node

listed in data BLOCK 6. This procedure makes possible the use of arbitrarily chosen

identification numbers for each of the four types of items referenced by other data

blocks, allowing flexibility in arranging and modifying data decks. Also, the identifica-

tion numbers may be chosen to convey additional information to the user, such as

composition, spatial location, function in the problem, or sequence of modification of

data.

The search for each item referenced is made in reverse sequence, so that the

latest item in the list is used. If a referenced identification number is not in the list

being searched, a diagnostic statement is immediately written out. An error indicator

is set, and certain parts of the program are skipped, and the problem is ended at the

end of the first time step.

REFER returns to the calling routine, which may be THERM, GEN, CHEM, FINK,

FLOW, SURE, TALLY, or PLOT.

19. TIMER

Subroutine TIMER finds the machine time, in seconds, charged to the program

since the last call of TIMER, by means of the system subroutine CLOCK1 (CDC/3600)

or TICHEK (CDC/ 6600).

TIMER returns to the calling routine, which may be HEART or TALLY.
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C. SYSTEM SUBROUTINES USED IN TRUMP

The various system subroutines used in TRUMP, including in-line and library

subroutines, are listed in Section IV.G.6 with a brief indication of their purpose. More

detailed descriptions are available in the computer information center at LLL.

Many of these are used only for optional features of the program, such as the

routines in KITTY for teletype control, the dd8O plotting routines, clock calls, special

I/O unit controls, routines in PRIME for buffered I/O of data files, and for convenience

features, such as use of CLICHE, ENDCLICHE, USE, and PARAMETER statements,

and OFFMON. Most others are standard features, or have equivalents in most versions

of FORTRAN, or can easily be replaced with other FORTRAN statements.
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D. MEMORY REQUIREMENTS AND PROBLEM SIZE LIMITS

The TRUMP program requires core-memory storage for the program itself,

resident and nonresident system subroutines, and data. The latter include data in

unlabeled (blank) common, data in labeled common blocks, subscripted arrays listed in

DIMENSION statements in subroutines, and unsubscripted variables and constants that

are not listed in any COMMON statements.

The dimensions of most arrays are determined by the parameters Ml through M12

specified in one of several PARAMETER statements in CLICHE STORK in the main

program. Compilation of one of these PARAMETER statements, and of all optional

parts of the TRUMP program, are determined by other parameters specified in CLICHE

STORK. The values of these parameters for two versions of TRUMP are listed in

Table 5. The corresponding size limits for the lists of data items in various input data

blocks, and for input tables, are listed in Table 1. The memory requirements for the

subroutines are listed in Table 6. The memory requirements for blank and labeled

common blocks are listed in Table 7. The total memory requirements are listed in

Table 8. The memory requirements for TRUMP and system subroutines are approxi-

mate and subject to occasional change.

Any set of problem-size limits may be used, for which the total memory require-

ments do not exceed the available memory not required by the program and the system.
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Iable 5. TRUMP parameter specifications.

\ersion
Subroutines Common blocks

Parameter affected affected 6600/STD 6600/DS

MV36ST

MV66ST

MV66DS

Ml

M2

All

All

All

PLOT

All(a)

M3 CHE'M, FLOW,
THER:M, TALLY

AU(a)M4

M5

M6

M7

M8

M9

M10

Mll

M1 2

KITTEN

MAC HINE

KPRIME

KPLOTL

KPLOTR

KPLOTT

AU(a)

SURE, SPECK

SURE, SPECK

GEN, THERM,
CHEM, FLOW,
SURE, TALLY
All(a)

FLOW, SPECK

PLOT

THERM, GEN,
CHEM, FLOW,
SURE

KITTY

HEART, PRIME,
PATCH, TIMER,
KITTY

PRIME

PLOT

PLOT

PLOT

All

All

All

APLOT

BLANK, ACHEMS,
APRIM

ACHEM, AC HEMS

BLANK, ACHEM,
ACHEMS, AFLOW,
ASPECK, APLOT

BLANK

ASURE, ASURES

ASURE

BLANK

BLANK

AFLOW, AFLOWS

APLOT

BLANK

NONE

NONE

APRIM

APLOT

APLOT

APLOT

0

1

0

200

5 0

40

480

1200

125

20

600

1750

150

20

50

0

0

1

200

100

12

80

12

150

12

0

16

480

0

600

0

1

1

1

1

1

1

1

0

0

1

aExcept KITTY, PATCH, TIMER.
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Table 6. TRUMP subroutine memory requirements.

Trump version

Required subroutines Parameters controlling compilation 6600/STD 6600/DS

MAIN 31 31

HEART 1432 1432

THERM M3 1528 1523

FINK 515 515

SPECK M 6 M 7 M 10 476 406

TALLY M3 2052 2009

PATCH 48 48

REFER 104 103

SEEK1 66 64

SEEK2 82 80

Total required 6334 6211

Optional subroutines

KITTY MACHINE, KITTEN 82 82

CHEM M3 979 6

GEN M8 427 427

FLOW M1 0 , M3 781 6

SURE M6 , M7 1059 1064

PLOT M1 , M1 l KPLOTL, KPLOTR, KPLOTT 1830 811

PRIME KPRIME 1079 1079

TIMER MACHINE 17 17

Total optional 6254 3492

Total memory requirements 12,588 9703
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Table 7. TRUMP common block characteristics.

Subroutines in Parameters Required memory
which used (and controlling Equation for variable and arrav

Common block input data blocks) compilation memory requirements 6600/STD 6600/DS

Required in all versions:

BLANK(') ALL(b) (1,2, 4, . 9) 162 + (8 + 7M9)M2 + 28M 4 + 12M. 3119 31,718 42,598

Optional common blocks:

APRIM PRIE (2 )(c) KPRIME 30 + 2M2 + 2M9 134 154

ACHEM CHEM (3) M 3 (6 + 9M 9 )M3 + 6M 4 3,450 0

ACHEMS CHEM, THERM,
FLOW, TALLY (3) M 3 4M 2 + 4M4 2,080 0

ASURE SURE (6, 7) *M6 , M.7 (9 + 3M9 )M6 + (5 + 3M 9 ) 7 6,445 7,570

ASURES SURE,SPECK
(6,7) M6 , M7 3M 6 375 450

AGEN GEN (8) M8 (3 + 3M9 )M8 3,900 5,850

AGENS THERM, GEN,
TALLY (8) M 8 2M4 960 1,200

AFLOW FLOW (10) M 4M4 + (6 + 3M9 )M1 0 5,280 0

AFLOWS FLOW, SPECK
(10) N1 10 3MI 0 240 0

APLOT PLOT (11) il, .M1 1 , iKPLOTR 4M4 1,920 0

APLOT PLOT (11) Ml. Mtll KPLOTT M. +3M 1 + M M 2,636 3,448

AREM THERM (12) M 12 5M 12 2,400 3,000

AREMS THERM,GEN.
CHEM, FLOW,
SURE (12) N11 2 8M 4 3,840 4,800

aContains variables and arrays required for all problems.

bExcept for KITTY, PATCH, TIMER.

Cthen .MAST control card used.

Total optional

Total required and optional

33,660 26,472

65,378 69,070

Table 8. TRUMP total storage requirements.

Version

6600/STD 6600/DS

TRUMP subroutines 12,588 9,704

Labeled common 35,820 30,922

Blank common 29,558 38,148

System subroutines 16,454 .5,800

Total 94,420 94,574

Unused memory 1,260 1,106

Maximum program storage 95,680 95,680

System use 35,392 35,392

Total core memory 131,072 131,072
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E. HARDWARE REQUIREMENTS

Input data are punched onto cards with an IBM-029 keypunch machine, or typed on

a remote teletype for transmission to the disk files connected to the CDC/ 6600 or

CDC/7600 computers. Program decks and input decks are transferred to 1/2-in. mag-

netic tape or disk files with the IBM/ 1401 or CDC/160A card readers. The CDC/ 6600
(with a 128K, 60-bit-word memory) and the CDC/7600 (with a 64K, 60-bit-word, small-

core memory and a 256K, 60-bit-word, large-core memory) are used at LRL, Liver-

more. A greatly simplified version of TRUMP could be used to solve simple heat-

conduction problems in systems of several hundred nodes on an 8K machine. Four
1/2-in. magnetic tape drives are normally used, in addition to those required by the

system, for data input, data output, optional interrupt memory dump, and optional out-

put for off-line card punching and dd8O plotting. On the CDC/ 6600 systems, data input

is from disk files. The high-speed tape output is printed on the Radiation printer. Film

produced by the dd80 plotters is printed on a high-speed electrostatic printer. Some

output is printed on the on-line printers connected to the various computers, and on the

user's teletype when running the OCTOPUS controllee version. Off-line card punching

is done in the IBM/1401 system. Computer control is handled by a Monitor system.1 7

The operator may control running time with Sense Switch 1, which in TRUMP causes an

OFFMON tape dump to be made before returning control to the system.
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F. MACHINE TIME REQUIREMENTS

The amount of machine time required for any particular TRUMP calculation de-

pends on the size and complexity of the problem, the number of time steps, and itera-

tions for each time step, required to complete the problem, and on the amount and types

of output data produced.

Most problems require about 0.5 msec per time step and 0.1 msec per iteration,

per calculational item, the latter being the sum of the number of nodes and boundary

nodes, the number of surface connections, twice the number of internal thermal and

mass-flow connections, and the number of table interpolations required per time step.

This generally adds up to about 1 to 5 msec per node per time step.

Data output may slow the problems down if obtained more frequently than every

2 to 5 time steps, if buffered, or every 10 to 50 time steps, if not buffered, depending

on the type and amount of numerical and graphical output produced on data-output cycles.

Total times range from a few seconds for small test problems to 30 to 60 min for

the largest, most complex problems that have been run.

Every effort has been made to make the program as fast and efficient as possible,

while still allowing the user to specify and control the accuracy of the calculation within

reasonable limits.
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G. TRUMP GLOSSARY

* TRUMP GLOSSARY. VERSICN 4/7/72,
$ (ITEMS NEW CR REVISED AFTER MAY 1, 1968 HAVE IN COLUMN 1.)

1. GENERAL OEFINITIONS.

BLOCK ITEM AN INPUT DATA DESCRIPTION OF A MATERIAL, REACTANT,
BLOCK ITEM NODE, INTERNAL THERMAL OR MASS FLOW CONNECTION,
BLCCK ITEM EXTERNAL THERMAL CONNECTION, BOUNDARY NODE, HEAT
BLOCK ITEM GENERATION TABLE, NODE INITIAL CONDITION, OR REMOTE
BLOCK ITEM PRCPERTY DEPENDENCE.
BOUNDARY PERTAINING TO SPECIFIED CONDITIONS AT AN EXTERNAL
BOUNDARY SURFACE, OR TO AN EXTERNAL TEMPERATURE (BOUNDARY
BOUNDARY NODE) THERMALLY CONNECTED TO THE SYSTEM.
CONDUCTANCE RATE CF HEAT FLOW PER UNIT TEMPERATURE DIFFERENCE.
CONNECTION A MEANS OF HEAT TRANSPORT BETWEEN TWO NODES, OR
CONNECTION BETWEEN A SURFACE NODE AND AN EXTERNAL TEMPERATURE.
CONVERGENCE ACCEPTANCE OF RESULTS OF ITERATIVE CALCULATION OF THE
CONVERGENCE HEAT BALANCE FOR INTER-CONNECTED SPECIAL NODES. SEE
CONVERGENCE TVARY, HSUMv ESUM, EMAX, ERRS.
DATA BLCCK A GROUP OF INPUT DATA OF A PARTICULAR TYPE, OR A LIST
DATA BLCCK OF LOCK IrEMS, PRECEDED BY A BLOCK NUMBER CARD AND
DATA BLOCK FOLLOWED BY A BLANK CARD. BLOCK ITEMS NEED NOT BE
DATA BLCCK ON THE SAME INPUT UNIT AS THE BLOCK NUMBER CARD.
DATA BLOCK SEE BLOCK, ABLOCK, NB, *INPUT.
DATA DECK INPUT DATA FOR A SINGLE PROBLEM, CONSISTING OF A
DATA DECK PROBLEM NAME CARD, DATA BLOCKS, AND A DATA END CARD.
EXTERNAL PERTAINING TO A BOUNDARY NODE OR CONNECTION BETWEEN
EXTERNAL A NCDE AND A BOUNDARY NODE.
INTERFACE A SURFACE COMMON TO TWO NODES, THROUGH WHICH HEAT MAY
INTERFACE BE TRANSPORTED BY CONDUCTION, CONVECTION, RADIATION
INTERFACE OR MASS FLOW.
INTERNAL PERTAINING TO A NODE OR CONNECTION BETWEEN NODES.
ITERATICN A REPETITIVE STEP IN THE CALCULATION OF THE HEAT BALANCE
ITERATION FOR INTER-CONNECTED SPECIAL NODES.
MATERIAL A SUBSTANCE WITH DENSITY, HEAT CAPACITY, AND THERMAL
MATERIAL CONCUCTIVITY. IT MAY ALSO HAVE LATENT HEAT AT A
MATERIAL SPECIFIED TEMP, AND CONTAIN CHEMICAL REACTANTS.
NODAL PChT A REPRESENTATIVE POINT WITHIN A NODE, FROM WHICH
NODAL PCINT DISTANCES ro INTERFACES ARE MEASURED TO DESCRIBE
NODAL PCINT INTERNAL THERMAL AND MASS FLOW CONNECTIONS.
NODE A VOLUME ELEMENT OF A PARTICULAR MATERIAL.
PHASE A MATERIAL STATE SEPARATED FROM ANOTHER STATE BY
PHASE A LATENT HEAT EFFECT AT A SPECIFIED TEMPERATURE.
REACTANT A MATERIAL COMPONENT WITH A HEAT OF REACTION, COLLISION
REACTANT FRECJENCY, ACTIVATION ENERGY, AND REACTION ORDER,
REACTANT FOR AN ARRHENIUS DECOMPOSITION REACTION.
4GtLLAR CLASSIFICATION OF NODES FOR WHICH THE HEAT BALANCE IS
REGLLAR BASED N TEMPERATURES AT THE BEGINNING OF EACH TIME
REGULAR STEP FOR THERMAL AND MASS FLOW CONNECTIONS WITH
REGLLAR OTHER REGULAR NODES.
SPECIAL CLASSIFICATION OF NODES FOR WHICH THE HEAT BALANCE IS
SPECIAL BASED CN AVERAGE TEMPS DURING THE TIME STEP. SEE
SPECIAL REGULAR, NTYPE, KS, KSPEC, FOR, SPECK.
STEADY STATE A COOITICN IN WHICH REMAINING TIME DEPENDENCIES ARE
STEADY STATE INSIGNIFICANT COMPARED WITH A SPECIFIED ALLOWABLE ERROR.
SURFACE PERTAINING TO A NODE CONNECTED TO A BOUNDARY NODE, TO
SURFACE THE CONNECTION, OR THE AREA WHICH IS CONNECTED.
TIME STEP A SMILL INTERVAL OF TIME FOR WHICH A PSEUDO STEADY
TIWE STEP STATE CALCJLATION IS MADE TO DETERMINE CHANGES IN
TIME STEP TIME-CEPENDENT VARIABLES.
TRANSIENT PERTAINING TO VARIATION WITH TIME, NON-STEADY STATE.

**

2. RUMP CONTROL CAROS.

BLCCK
BLOCK
BLCCK
BLCCK
BLCCK

BLOCK NUMBER CARD, WITH BLOCK NUMBER (SEE IBLOCK IN
COLS. 6-7, BLOCK TYPE (SEE MOD) IN COL. 8. COLS.
9-80 MAY CONTAIN A TITLE (SEE ABLOCK). AN INPUT
UNIT OTHER THAN NR AY BE SPECIFIED FOR THE BLOCK
ITE M S SEE *INPUTNB).
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sYOED-
:NJ:D-

fiO_-D-
(dLANK)
f t~LANK)
(I cL A NK)
(d LANK)

(dL INK)

* ASSIGN
*ASSIGN
* ASSIGN
tASSIGN

*ASSIGN
*ASSIGN
*CHECK
*CHECK
*CHECK
*DECKS
*OECKS
*DECKS
*DECKS
*UECKS
*9ErKS
*DECKS
*OECKS
*UECKS
*01 SCCN
*01 SCCN
*01 SCCN
*01 SCCN
*01 SCC%
*01 SCCN
*FINIS
*Fst IS
*FINIS
SF! I IS
*1 NFUTN
*INPUTNb
*1 NFUTNB
*1 NPUTNB
*1 NFUTNR
*[ NPUTNR
SINPUrNS
*INPUTNk
*l NFUTNA* 1 ' FU TNR
*INFUTNR
*l NPUTNR
*MAST
SMA ST
*MAST
*MA ST
*MA ST
*MA ST
*MAST
* MA ST
*MOLNT
*MCLNT
*aCLT
*MOLNT
*CF FMCN
*OFFMON
*OFFMCN
*OF FMCN
*OFFPCN
*OFFMCN
*OUTPUT
*OLTPUT
*OU IPUT
*CL IPUT

UATA END CARD MJST FOLLUW LAST CAFA BLOCK). COLUMNS
6-7 MUST BE EITHER - OR -2, AND THE PROBLEM WILL
EITHER BE INTERRUPTED OR ENDED, RESP., IF SENSE
SWITCH I IS TURNED ON BEFORE THE PBLEM ENDS.
IF INTERkUPTED, PROBLEM AY BE CTINUED WITH UNMaN.

A BLANK CARD INDICATES THE ND OF A LIST OF BLOCK
IT&PS IN BLOCKS 2 3, 4, 5, 6, 7, , 5, 10, AND 12,
ANC THE END F MATERIAL SELECTION LIST IN BLOCK 2.
EXTRA LANKS MAY BE INSERTED ANYWHERE EXCEPT WITHIN
BLOCK ITEM LISTS.

REASSIGN LOGICAL I/O UNIT. IF COL 8 IS 2, 3, OR 4 A CALL
ASSIGN WILL BE EXECUTED WITH 2, 3, OR 4 ARGS.
SPECIFIED IN COLS 9-32 (X, 12, X, 12, A, 1X, 16).
IF COL 8 IS 8, CALL KEEP80 (8RTRUMPDDA) WILL BE
EXECUTED, TO GIVE THE DD80 OUTPUT FILES TO
THE USER.

DATA ECK PREPROCESSING CONTROL CARD (PRECEDING DATA
DECK). CAJSES NEXT PROBLEM TO END AFTER THE FIRST
TIME STEP. USED FOR CHECKING INPUT DATA.

UNUSED DATA DECKS CONTROL CARD (PRECEDING DATA DE:K).
UNIT NUMBER (SEE NDATA) IS SPECIFIED IN COLUMNS 7-8
AND MUST HAVE BEEN ASSIGNED TO A TAPE, DISC, OR
OTHER FILE BY A *T. MOUNT, OR *ASSIGN CARD. USED
TO CAUSE ALL UNUSED DATA DECKS UP TO AN END-OF-FILE
MARK OR CARD WITH A S IN COLUMN I, TO BE COPIED
ONTC UNIT NOATA IF THE JOB IS INTERRUPTED BY SENSc
SWITCH 1. LAST DATA DECK SHOULD BE FOLLOWED BY A
*INPUTNR CARD FOR USE WHEN NDATA IS USED FOR INPUT.

RESTART CCNTROL CARD (IMMEDIATLY FOLLOWING EITHER
1* LOAD(1,5,ONMONS)/ OR / LOAD1,5,0NMONI/
MONITOR CONTROL CARD). USED TO CAUSE THE PROBLEM,
IF ANY, PREVIOJSLY INTERRUPTED BY SENSE SWITCH I,
AND SAVED ON THE RESTART TAPE LOADED UN UNIT 5A,
TO BE ENDED (FINAL OUTPUT WILL BE PRODUCED).

TAPE FINISH CONTROL CARD (FOLLOWING DATA DECK). UNIT
IS SPECIFIED IN COLUMNS 7-8, TAPE VAULT NUMBER IN
COLUMNS 10-14. USED TO HAVE TAPE ENOFILED AND
UNLCADEC TO MAKE UNIT AVAILABLE FOR ANOTHER TAPE.

INPUT UNIT CONTROL SYMBOLS, IN COLUMNS -14 F BLOCK
NUMBER CARD, WITH NIT NUMBER FOR INPUT OF LO:K
ITEMS (SEE NB, NR) IN COLUMNS 15-16. LSED WHEN NB
IS NOT NR.

INPUT UNIT CONTROL CARD (PRECEDING DATA DECK), WITH
UNIT NUMBER FOR INPUT OF DATA DECK (SEE NR,NRS IN
COLUMNS 7-9. JSED WHEN NR IS NOT NRS, OR Tn CHANGE
NR ACK TO NS. A INPUTNR CARD SHOULD FOLLOW THE
LAST ATA DECK WHEN A *DECKS CARD IS LSED, SO THAT
INPUT WILL SE CHANGED TO THE DESIRED UNIT AFTER
USING THE TAPE FROM UNIT NOATA AS AN INPUT TAPE.

MATERIAL CATA LIST CONTROL CARD (IN BLOCK 2), TO HAVE
DATA FCP SELECTED MATERIALS (SEE MTP, MATS) OR ALL
DATA (SEE MALL) COPIED FROM UNIT NREAO TO UNIT
NLIST, WITH AN OPTION TO CONVERT UNITS (SEE MUN:H),
AND AN OPTION TO THEN USE NLIST FOR INPUT OF BLOCK
2 ITEMS (SEE NEST). FORMAT FOR INPUT OF *MAST,
NREAD, NLIST, NEST, MALL, MUNCH, XC, XC, XK, XT,
AND XTP IS A,515,5E10.3.

TAPE MOUNT CONTROL CARD (PRECEDING DATA DECKI. UNIT
IS SPECIFIED IN COLUMNS 7-8, TAPE VAULT NUMBER IS
SPECIFIED IN COLJMNS 10-14. USED TO HAVE DIFFERENI
TAPES ASSIGNED CONSECUTIVELY TO SAME UNIT.

OFFMON CCNTROL CARD (FOLLOWING DATA DECK). IF READ,
MEMCRY AND POINTERS WILL BE SAVED UN THE TAPE ON
UNIT 5A, ALLOWING RESTART UF THE PROBLEM AND USE OF
DATA IN MEMORY FOR CONTINUATION PROBLEMS, BY USE OF
EITHER CF THE MONITOR CONTROL CARDS (SEE MANUALS)
1* LOAD(1,5,0NMON)/ / LOAD(1,5,ONMONS)/.

OUTPUT UNIT CONTROL CARD (PRECEDING DATA DECK), WITH
UNIT NUMBER FOR NUMERICAL OUTPUT DATA (SEE MW, M)
IN COLUMNS 8-ID. USED WHEN IS NOT MW, OR TO
CHANGE M BACK TO MW. M IS USUALLY C03 OR IOC.
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*SPLI r
*SPLIT
*INAME)

*(NAME)
/ 

JCB CMPLETION CONTRUL CARC FOLLOW 1 DATA DECK). IF
REAC, PROGRAM ILL CALL EXIT. IREPLACES OFFMON.)

PROBLEM NAME CARD. COLUMN I MUST BE AN *. COLUMN 7?
CONTROLS USE OF DATA FROM PRECEDING PROBLEM ISEF K).

SAME AS AN EN-OF-FILE MARK WHEN IN CLLMN I OF A
CARO RECORO READ IN FROM UNIT NRS, NR, OR NB 11LC
TRANSFERRING DATA IN SUBROUT1NE PRIME.S

**

3. VARIABLES AND PARAMETERS.

AA (hi
AIM
AIN)
4BLCCK
ABLCCK
ABLCCK
AOO0
ADC
AKtE If(N)
ALONE
ALCNE
ALUhE
AMAT (N)
APRCP(N)
AREA 04)
AREA(N)
AREASIN)
AREAS(NI
AX
BBIN

(N)

Bo5 rbETA~

BIG
BONE
bJNE

dBE
CA
CAP IN)
CA PPS
CAPS
CAPTIJ,NI
Ca
CLCCKA
CLCCK6
COMDATE
C ON (NI

CONI J ,N)
CORC(1N
CORDI N)
CORP
DAI )
DAIt 
OATEX
OAX

DOAIN)
DAB(NIDOB (NI

DUTIN)
DELFII N)
DELFI(N)
DELF1 N)
OELF2(N
DLLF2(NI
OCLF (NI
UELi

INITIAL W/F REACTANT A IN NOTECN). BLANK * ALONE.
WEIGHT FRACTION REACTANT A, OR LW-TEMPERATURE PHASE, IN

NODEIN). SEE ALONE, AA(NI, KAINI, KEM(N), HMELT(N).
DESCRIPTIVE INFORMATION PUNCHED ON BLOCK NUMBER CARO.

MAY INCLUDE INPUTNB IN COL. -16 TO SPECIFY AN
INPUT UNIT N FOR THE BLOCK ITEMS INSTEAD OF NR.

DIFFERENCE BETWEEN SUCCESSIVE VALUES OF DRAO IN A
SECUENCE OF NODES OR CONNECTIONS PRODUCED BY NSEQ.

DESCRIPTIVE NAME FOR CHEMICAL REACTANT KEM(N).
INITIAL WEIGHT FRACTION REACTANT A ASSIGNED ro ALL NODES

IN ANY BLOCK 4 READ IN AFTER BLOCK 1, AND SUBSTITtrED FOR
UNSPECIFIED AAINI IN ANY BLOCK 9 READ IN AFTER BLOCK 1.

DESCRIPTIVE NAME FOR MATERIAL WITH NUMBER MATIN).
NAME CF A PROPERTY WHICH MAY HAVE REMOTE DEPENDENCE.
INTERFACE AREA BETWEEN NODINI AND NOD21NI, EQUALS

(GEOM*CLDNG*DRAD**KSYM)*SCALE**2. SEE KD.
AREA OF NDSINI EXPOSED TO BOUNDARY NODE NODSBINI,

EQUALS GEOM*DLONG*DRAD**KSYM)*SCALE**2. SEE KD.
TEMPORARY VALUE OF AA(N).
INITIAL /F REACTANT 8 IN NOTEIN). BLANK BONE.
WEIGHT FRACTION REACTANT B IN NODEINI. SEE BONE? B(N),

KBlNl, KEMINI.
VALUE OF A TABULATED PROPERTY, USED TO FIND CHANGE.
VALUE OF A TABULATED CHEMICAL PROPERTY OF CHEM A.
VALUE OF A TABULATED CHEMICAL PROPERTY OF CHEM B.
VALUE OF WINI BEFORE FINDING NEW VALUE FROM TABLE.
CCNSTANT, WITH VALUE 0.99999999E12.
INITIAL WEIGHT FRACTION REACTANT B ASSIGNED TO ALL NODES

IN ANY BLOCK 4 READ IN AFTER BLOCK 1, AND SUBSTITUTED FOR
UNSPECIFIED BBIN) IN ANY BLOCK 9 READ IN AFTER BLOCK 1.

TEMPCRARY VALUE OF BB(N).
TEMPORARY VALUE OF CLOCKA.
HEAT CAPACITY OF NODEINI AT TIN), SUMTIM.
TOTAL HEAT CAPACITY F A MATERIAL.
TCTAL HEAT CAPACITY OF SYSTEM.
HEAT CAPACITY OF MATIN) AT TVARC(J,N).
TEMPORARY VALUE OF CLOCK8.
MACHINE LETTER AND DATE, IN CD, FROM CALL CLOCK.
TIME, IN HOURS AND THOUSANDS OF HOURS, FROM CLOCK.
DATE CF LAST COMPILATION OF TRUMP PROGRAM.
THERMAL CNDJCTIVITY OF NODEINI AT TIN), SUMTIM.
VALUE GIVEN A NON-DECIMAL CD NUMBER NXX IN PATCH.
THERMAL CONDJCTIVITY OF MATIN) AT TVARK(JN).
REACTION ORDER OF KEMINI. PROGRAM WILL USE 1.0 IF
FIELD IS BLANK, SO ZERO ORDER MUST BE PUNCHED 0.0.

ENERGY CONTENT OF MATERIAL AT 0 DEG, REL TO TVARCll).
Ck¶ANGE IN W/F UF REACTANT A IN NODEINI IN TIME STEP.
MACHINE LETTER AND DATE OF LAST USE OF PROGRAM DE:K.
MACHINE LETTER AND DATE OF LAST USE OF RESTART TAPE.
CHANGE IN AINI UE TO PHASE CHANGE.
CHANGE IN W/F OF REACTANT B IN NOOE(N) IN TIME STEP.
ESTIMATEO RATE OF CHANGE OF AN) IN NEXT TIME STEP.
ESTIMATEC RATE UF CHANGE OF BIN) IN NEXT TIME STEP.
ESTIMATED RATE OF CHANGE OF TIN) IN NEXT TIME STEP.
RELATIVE CISTANCE FROM NUDAL POINT OF NODFlIN TO

MASS FLOW INTERFACE WITH NODFZIN)o CONVERTED TO WEIGHT
FACTOR CELF2IN)/(DELF1IN) + DELF2IN) AFTER INPUT.

RELATIVE ISTANCE FROM NODAL POINT OF NODF2(NI TO
MASS FLCW INTERFACE WITH NOOFlUN), CONVERTED TO WEIGHT
FACTOR CELFLI(N)/(DELFI(NI + DELFZ(N)I AFTER INPUT.

TIME STEP, CONTROLLED BY TVARY, SMALL, DELTO,
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uELT
OELI.,
C L IMx
uELTMX
uLL rMX
DE LTMX
ODLTC
DELTC
UELIS
LELTSS
UELIIN)
roEL ()
DE L2(N)
OEL2(N)
DENS (N)
DEX
DE E.i
DEXe
OF I N
DFB(N)
OF I IN1
OF LCT
OF S IN)
OCLOW~
ULONG
DRAD
DAC
DRAC
DRAD
ORADS
Os
D TI N)
OTEFP
C dMAX
0 (MAX

OTMAXS
orx

DWIOE
DX'
u X2
DYL
EY2
0 1
02
EAI (N
Ea ( N)
EMAX
EMA)
EMAX
EOF
ERRCR I NI
LRRERX(N)
ERRS
ERRS
ERRS

E SUl
E I N)

E x

F IN)
t-I N)
F I ()
FIN
FIN}F 

FINIS
FLAPS N)
FLEX

UtLTMX, TIIEP, AD IIMAX. ALSO SEE KSr KSPEC.
LAST ACCEPTED TIME SIEP COMPLETED.
PAXIMUM ALLOWABLE TIME STEP, NO LARGER THAN EITHER

DELTO CR 23 OF THE SMALLEST VALUE OF SLIMIN) FOR
REGULAR OOES NTYPE(NJ 0. SEE KSPECKS.
AdSCLUTE LIMITS ARE FROM I.E-IC To 1.E12.

MAXIMUM ALLOWABLE TIME STEP. BLANK = I.CE12. MUST bE
SPECIFIED IF KSPEC IS POSITIVE.

LAST TIME STEP COMPLETED.
LAST ACCEPTED TIME STEP COMPLETED BEFORE DELTS.
AVERAGE LENGrH OF HEAT FLOW PATH FROM NODAL POINT IN

NODlIN) TO INTERFACE WITH N002(N). SEE SCALE.
AVERAGE LENGTH OF HEAT FLOW PATH FROM NODAL POINT IN
NO2(N) TO INTERFACE WITF NODlI(NI. SEE SCALE.

DENSITY CF MATERIAL WITH NUMBER MAT(N).
TEMPORARY VALUE OF DT(N).
TEMPCRARY VALUE OF DAIN).
TEMPORARY VALUE OF OD8(N).
NET HEAT FLOW INTO NODEINI IN TIME STEP DELT.
HEAT FLOW INTO NODE(N) IN TIME STEP DELT.
HEAT FLOW FROM NOD2(N) TO NODlIN) IN TIME STEP ELI.
TIME FOR MASS FLOW INTO A NODE TO EQUAL THE NODE MASS.
HEAT FLOW FROM NODSBINI TO NOOSIN) IN TIME STEP DELT.
AVERAGE LENGTH OF A NODE IN BLOCK 4, AN INTERFACE IN

BLOCK 5, OR A SURFACE IN LOCK 6. SEE DRAD.
MEAN DEPTH IKD 1, OR MEAN RADIUS KO 2 OR 3) OF

A NCDE IN BLOCK 4, AN INTERFACE IN BLOCK 5, OR A
SURFACE IN BLOCK 6. SEE NSEQ FOR SE OF NEG VALUE.
ALSO SEE VOLINI, AEAINI, AREAS(N), AND SCALE.

VALUE OF RAD FOR NODE OR CONNECTION LAST READ IN.
SUM OF MASS FLOW PATHS ELFIN) AND CELF2IN).
CHANGE IN TEMPERATURE IN NODEIN) IN TIME STEP DELT.
MAXIMUM TEMPERATURE CHANGE IN TIME STEP ELTS.
MAXIMUM CANGE IN ANY TABULATED PROPERTY, IN EUIVALLNT

TEMPERATURE OR TVAKY*(PERCENT CHANGE), OR NUTMAX*TVARY,
IF NUTFAX ITERATIONS WERE OONE, OR O.C25*NUTS*TVARY,
WHICHEVER IS LARGEST, IN TIME STEP DELTS.

VALUE OF CTMAX FOR TIME STEP ELTS.
DIFFERENCE BETWEEN NODE TEMPERATURE AND MELTING TEMP.
PCSITIVE TEMPERATURE DIFFERENCE bETWEEN TWO NODES.
AVERAGE WIDTH OF A NODE IN BLOCK 4. SEE ORAD.
FACTOR TC POSITION NODE NUMBER ON TEMP VS TIME PLOT.
FACTOR TO POSITION NODE NUMBER ON TEMP VS TIME PLOT.
FACTOR TC POSITION NODE NUMBER ON TEMP VS TIME PLOT.
FACTOR TC POSITION NOCE NUMBER ON TEMP VS TIME PLOT.
TEMPORARY VALUE OF DELFI(NI.
TEMPORARY VALUE OF DELF2(N I.
ACTIVATICh ENERGY OF REACTANT A IN NODEIN).
ACTIVATIC' ENERGY OF REACTANT B IN NODE(N).
LARGEST CANGE IN THE CALCULATED TEMPERATURE CHANGE OF ANY

FINITE-VOLJME SPECIAL NODE IN ONE ITERATION. MUST BE
LESS THAN O.O*ERRS*TVARY FOR CONVERGENCE.

INDICATES AN ED-OF-FILE HAS BEEN REAO, IF POSITIVE.
NEW ESTIMATED CHANGE IN HEAT FLOW INTO NODEIN).
LAST ESTIMATED CHANGE IN HEAT FLOW INTO NODE(NI.
MAXIMUM ALLOWABLE FRACTION OF TVARY FOR THE CHANGE I HV

CALCULATED AVERAGE TEMPERATURE CHANGE OF INTER-CONNECTED
SPECIAL NODES IN ONE ITERATION, FOR CONVERGENCE.

CHANGE IN THE CALCULATED TOTAL HEAT CONTENT OF INTER-
CONNECTED SPECIAL NOCES IN ONE ITERATION.

ACTIVATICN ENERGY OF KEMIN) AT TVAREIJ,N).
EXTRAPOLATION OF TEMP OR TIME FOR TABLE LOOK-UP,

OR A CCRRECTION TO THE TEMPERATURE CHANGE OF A
SPECIAL NODE FOR ONE ITERATION STEP.

TCTAL HEAT FLOW INTO NODEIN) AT SUMTIM.
TCTAL HEAT ADDED TO SYSTEM FROM BOUNDARY NODE NODBIN).
TOTAL HEAT FLOW FROM N002(N) TO NOOlIN) AT SlTIM.
DUMMY LIST ARGUMENT USED FOR WRITE STATEMENTS ITH NO

LIST, C AVOID FIN STATEMENT REQUIRED IN LRLTRAN
BUT NCT ALLOWED IN CHAT.

LARGEST TIME TO BE PLOTTED UN CRT PLOT TIME SCALES.
TCTAL MASS FLOW FROM NOOFIIN) TO NODFZIN) AT SUMTIM.
FINAL CRRECTION TO HEAT FLUX BETWEEN NODES SPE:K),
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FLEX
FLE I
FLEX2
FLINT(NI
FLIFS (N)
FLCPS (N)
FLCLT(NI
FLOt
FLOWNINI
F IC iN INI
fIChNINI
FLOCTIJN
FLO'*TlJoNl
FLC&T(JoN)

FLUB
FLUXS
FLUXSS
FLUXSS
FONE
FONE
FOR
FOR
FOR
FOR
FOR
FORD
FRAC1
FRAC1
FRADI
FRACI
FRAC2
FS(hI
FTE P
FTEFPI
F rEMPlI
FTEPP2
F rIMEI
FTI PEI
FTI E1
FTI E2
FX
FXI
F X2
Fxx
FXX

F2 h1
F3 (bI
4G(NI
GIN)
GEKS
GECP

GONE
GONE
GONE
LONE
GS
GTl JN)
GT JN)
T (.N)

GX

HIN)
HEAT
HEF IIN)
HEF IT'S
HEF IS
HEX
HINTIN)
HINT(N)
HI N IS
HMELTIN)
HMELTCN)
HME LTX I N)
HMX
HONE

OR REACTANT FLOW BETWEEN NODES (FLOW).
HEAT CONTENT OF MASS FLOW SOURCE NODE.
HEAT CONTENT OF MASS FLOW SINK NODE.
NET MASS FLOW RATE INTO NODEIN) DURING TIME STEP.
NET TOTAL MASS FLOW INTO NODEIN) UP TO SUNTIM.
NET TOTAL MASS FLOW OUT OF NOOEIN) UP TO SUMTIM.
NET MASS FLOW RATE OUT OF NCE(N) DURING TIME STEP.
NET AOUNT OF HEAT FLOW INTO NODE OR SYSTEM.
MASS FLOW RATE FROM NOOF1IN) TO NODF2(N). MAY BE NEGATIVE

TO INCICATE FLOW IN OPPOSITE DIRECTION. IF NOT SPECIFIED,
FONE WILL BE USED BY PROGRAM.

MASS FLOW RATE FROM NOOFL(N) TO NODF2(N) AT TVARFL(JN).
MAY BE NEGATIVE TO INDICATE FLOW IN OPPOSITE DIRECTION.

MASS FLOW FROM NODF1IN) TO NOOF2(N) CURING TIME STEP.
NET TOTAL HEAT FLOW INTO ALL NODES IN SYSTEM.
NET TOTAL HEAT FLOW INTO SYSTEM FROM BOUNDARY NODES.
HEAT FLOW INTO SYSTEM FROM BOUNDARY NODES

DURING PRECEDING TIME STEP.
FLOW RATE FOR ANY MASS FLOW CONNECTIONS WITH FLOWNIN)

BLANK IN ANY BLOCK 10 READ IN AFTER BLOCK 1.
INTERPOLATION FACTOR BETWEEN TEMPERATURES AT THE BEGINNING
AND END OF THE TIME STEP. FOR IS SET TO 1.0 FOR THE
FIRST TIME STEP AND AFTER REJECTED TIME STEPS. FOR OTHER
TIME STEPS, FOR IS 1.0 IF KSPEC IS 2, C.5 IF KSPEC IS 3,
OR BETWEEN 0.57 AND 1.0, DEPENDING ON RAST.

FACTOR FOR ESTIM. CHANGES, = FOR*DELT OR O.5*DELT.
CCNSTANT IN EXPRESSION USED TO CONVERT PROBLEM NODE

NUMBERS (KO a 1) OR NODE RADII (KO = 2 OR 31 TO CRT
PLOT NODE LOCATION SCALES, AS FOLLOWS...
RPLOT (OR PRAD) FRADI + FRA02*NOCE (OR RADIUS).

SEE FRADI. IF NOT SPECIFIED, PROGRAM USES 1.0.
TOTAL HEAT FLOW FROM NOOSBIN) TO NODSIN) AT SUMTIM.
CONSTANT IN EXPRESSION USED TO CONVERT PROBLEM TEMPERATURES

TO CRT PLOT SCALE TEMPERATURES, AS FOLLOWS...
TPLOT (OR PTEMP) = FTEMPI + FTEMP2*T

SEE FTEMPI. IF NOT SPECIFIED, PROGRAM USES 1.0.
CCNSTANT IN EXPRESSION USED TO CONVERT PROBLEM TIMES

TO CRT PLOT TIMES, AS FOLLOWS...
PTIME FTIME1 + FTIME2*SUMTIM.

SEE FTIME1. IF NOT SPECIFIED, PROGRAM USES 1.0.
AVERAGE RATE OF HEAT FLOW ACROSS A CONNECTION.
AVERAGE MASS FLOW RATE INTO NODE(N) UP TO SUMTIM.
AVERAGE MASS FLOW RATE OUT OF NDE(N) UP TO SUMTIM.
HEAT FLOW RATE ACROSS A THERMAL CONNECTION

DURING PRECEDING TIME STEP.
TEMPORARY NAME OF FIRST ITEM OF INPUT TAPLE PAIR.
TEMPGRARY NAME OF SECOND ITEM OF INPLT TABLE PAIR.
TEMPORARY NAME OF SLOPE BETWEEN INPUT TABLE PAIRS.
INITIAL HEAT GEN RATE IN NOTEIN). BLANK GONE.
HEAT GEN. RATE IN NODEIN). SEE GONE, GIN), GT(J,NR.
NET TOTAL AMOUNT OF HEAT GENERATED IN SYSTEM.
GEOMETRIC FACTOR. 1.0 FOR KD = 1, 2.C*PI FOR KO = 2,

AND 4.0*PI FOR KD = 3 (PI = 3.14155265).
CONSTANT HEAl GENERATION RATE ASSIGNED TO ALL NODES IN ANY

BLOCK 4 READ IN AFTER BLUCK 1, AND SUBSTITUTED FOR ANY
UNSPECIFIED GGIN) IN ANY BLOCK 9 READ IN AFTER BLOCK 1.
WILL NCT BE USED FOR NODES LISTED IN BLOCK 8.

NET TOTAL HEAT GENERATION RATE IN SYSTEM.
HEAT GENERATION RATE IN NOOGINI AT TVARG(JN). IF

LTABG(N) IS -1, 0, OR 1, GT IS THE GEN RATE AT TIME
ZERO, DECAYING WITH HALF-LIFE TVARG(I,NI.

TEMPORARY VALUE OF GGINI.
HEAT ADOEC TO NODE(N) UP TO SUMTIM.
SENSIBLE HEAT CONTENT OF SYSTEM AT SMTIM.
MASS CF NCDEINI.
TCTAL MASS OF A MATERIAL.
TCTAL MASS OF SYSTEM.
HEAT TRANSFERRED BETWEEN NODES IN TIME DELT.
INTERFACE CONDUCTANCE BETWEEN NODES NODIIN) AND NOD2IN).

BLANK 1.OE12 IF RINT IS BLANK, l.OE-24 IF RINT NOT BLANK.
INPUT VALUE OF HINTIN).
LATENT HEAT ABSORBED AT TMELT(NI BY MATERIAL MAT(N),

SET TO ZERO IF TMELTINI NOT BETWEEN TMIN AND TMAX.
INPUT VALUE OF HMELT(NI.
TEMPERATURE CHANGE EUIVALENT TO LATENT HEAT EFFECT.
SURFACE CCNDJCTANCE FOR ANY EXTERNAL CONNECTIONS WIIH
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HlUNE
HOUR
HOUPX
HSLP
HSUP
HSURE (N)
HSUHTIJtN)

rtX

I i3LCCK
I LCCK
I BLCCK
IdLCCK
IBLCCK
IBLCCK
IBLGCK
IBLGCK
IdLCCL
IER
INFPA
INFRA
I NTERP
I NTERP
INTI-INT2
I NTIl-I NT2
IOCHECK
IPRINT
IPRINT
I PRINT
I PR INT
IPRINr
IPRINT
[I lE
IRI TE
IAI TE
ITAPE
ITAFE
ITAPE
I TAPE
I TAPE
I TEPS(N)
I THERM
I THERM
J
JP1C
JPIC
JPIC
JPIC
JPIC
JPIC
JI
J2
K
K
K
K
K
K
K
K
KAIh)
KAMI 
KAXIN)
K8(N)
KU (h)
KBLP
KBXIN)
KCHARN)
KCHAR(N)
KCOFY
KCCPY

HSuRE(N) LANK, IN A BLOCK 6 READ IN AFTER BLOCK 1.
TIME, IN HOJRS, OF LAST USE OF PROGRAM DECK.
TIME, IN HOJRS, F LAST USE OF RESTART TAPE.
TCTAL HEAT CAPACITY F ALL SPECIAL NODES WHICH HAVE

INTERNAL CNNECTIO'dS WITH OTHER SPECIAL NODES.
SURFACE CC;N0JCTANCE BETWEEN NOOS(N) AND NODSBIN).
SURF. CCNC. F NODSIN) AT TVARHIJ,N). BLANK HONE.
TEMPORARY VALUE OF HSUREINI.
ARRAY SUBSCRIPT.
BLOCK NUMetR, I FOR CONTROLS, LIMITS, AND CONSTANTS,

2 FOR MATERIALS, 3 FOR REACTANTS, 4 FOR NODES,
5 FCR INTERNAL THERMAL CONNECTIONS, 6 FOR EXTERNAL
THERMAL CONNECTIONS, 7 FOR BOUNDARY NODES,
d FCR VARIABLE HEAT GENERATION NODES, 9 FOR INITIAL
CONOITICNS, lO FOR MASS FLOW CONNECTIONS,
11 FOR GRAPHICAL OUTPUT CONTROLS AND NODES,
12 FOR NODES WITH) REMOTE PROPERTY DEPENDENCE.

VALUE OF [BLOCK ON DATA END CARD.
INDICATES ERROR OCCURRED IN OOODROP, IF POSITIVE.
INOICATES, IF 1, THAT NORMAL VALUE OF RPLOT(N) WILL BE

MULTIPLIED BY 0.5*SUMTIM*$*(-0.5). SEE LOGR.
INDICATES TEMP VS NODE LOCATION PLOT WILL HAVE

INTERPOLATION BETWEEN POINTS, IF NONZERO.
INTEGERS IN COL. 24 OR 29, AND 25 OR 30, RESP.,

FOUND CN RECORD ON MASTER MATERIAL DATA LIST.
INDICATES A PARITY ERROR READING DATA, IF POSITIVE.
INDICATES THAT DATA PRINTOUTS WILL BE MADE WHENEVER

THE NUMBER OF TIME STEPS IS EVENLY DIVISIBLE BY
IPRINT, IN ADDITION TO THE FIRST, SECOND, AND LAST
TIME STEPS, AND OTHER TIME STEPS ACCORDING TO
TIMEP. SEE KDATA, NUM, IRITE, ITAPE, TIMEP, JPIC,
MW, M, AND *OUTPUT.

INDICATES DATA WILL BE WRITTEN ON UNIT ITAPE WHENEVER
KCYC IS EVENLY DIVISIBLE BY RITE, IN ADDITION TO
THE FIRST, SECOND, AND LAST TIME STEPS.

OUTPUT UNIT ON WHICH TIME AND NODE NUMBERS AND
TEMPERATURES WILL 8E WRITTEN (SEE IRITE). MUST BE
SPECIFIED BY A T OR *MOUNT CONTROL CARD PRECEDING
THE CATA DECK, AND ADDITIONAL UNITS USED IN THE
SAME RUN CONTROLLED BY *MOUNT AND *FINIS CARDS.

NUMBER CF CROSS-REFERENCED ITEMS IN DATA BLOCK N.
INDICATES NODE LOCATION VS TIME ISOTHERM PLOT

WILL BE MADE, IF NON-ZERO.
ARRAY SUBSCRIPT.
INDICATES HAT POINTS WILL E SAVED FOR THE FINAL PLOT

OF TEMPERATURE VS TIME ( IF NUPI IS POSITIVE), AND PLOTS
OF TEMPERATURE VS NODE LOCATION WILL BE MADE (IF JPIC IS
NEGATIVE), WHENEVER THE NUMBER OF TIME STEPS IS EVENLY
DIVISIBLE BY JPIC, IN ADDITION TO THE FIRST, SE:OND, AND
LAST TIME STEPS, AND TIME STEPS DETERMINED BY TIMEP.

TEMPORARY VALUE OF NODMATIl lO1(N)) OR MATIN).
TEMPORARY VALUE OF NUDMATI NUOZIN).
IN COLUMN 72 OF PROBLEM NAME CARD, IF 2, 3, OR 4,

INDICATES NEW PROBLEM WILL USE ALL DATA FROM THE
PRECEDING PRUBLEM, INCL. EITHER THE INITIAL (K = 2)
OR FINAL ( = 3 OR 4 TEMPERATURES AND REACTANT
CONCENTRATIONS, AND START AT EITHER THE INITIAL
(K = 2 CR 3) OR FINAL (K = 41 PROBLEM TIME.
IALSO USED FOR ARRAY SUBSCRIPTS, FLAGS IN SEEKI AND
SEEK2, TEMPORARY VALUES F SUBSCRIPTED INTEGERS.)

IDENTIFICATION NUMBER OF REACTANT A IN MATINI. WILL NOT
BE USEC IF HMELT(N) IS NOT ZERO.

INPUT VALUE OF KAIN).
IDENTIFICATION NUMBER OF RACTANT B IN MAT(N). MAY BE USED

WHETHER KAINI IS ZERO OR NOT, UR WHEN HMELTINI IS NOT ZERO.
CCNTROL SENTINEL IN BUFFER ING IN UNUSEO DATA DECKS.
INPUT VALUE OF KB(N).
CHARACTER IN A CARD RECORD BUFFERED IN FROM MASTER

MATERIAL PROPERTIES TAPE IN PRIME.
INDICATES NUMBER OF CARO RECORDS TO BE COPIED FROM MASTER

MATERIAL PROPERTIES TAPE TO SECONDARY TAPE.
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KC YC
KC YC
KCYC
KO
KD
KO
KO
KO
KO
KOAIA
KOA IA
KDA IA
KOAIA
KOAIAX
K/A
KEM(NI
KGCCO
KGCCD
KIT TEN
KITTEN
KIN r
KLICGE
KLLCGE
KMA I
KNOCK
KNOFL
KPLCTL
KPLCTL
KPLCrL
KPLETR
KPLCTA
KPLETR
KPLCTT
KPLCTT
KPLCTT
KPRI ME
KP I E
KR
KR
KS
KSEC
KS[LCS
KSECS
KSECS
KSECZ
KSPEC
KSPEC
KSPEC
&SPEC
KSPEC
KSPEC
KAPEC
KSYP
KT
KTLi 
K 
KI IP
KY) II
KI T
KWI 1
KWI T
Khi I
KWl T
KWI I
KiI 1
KI
K2
K36S[
K36 ST
K66CS
K66CS
K66ST

INDICATES PROBLEM IS IN ATA INPUT PI-ASE (IF -, UR- li
INITIALIZATION PHASE, INCLUDING INITIAL TIME STEP F
l.E-l2 (IF 0, OR THE NUMBER OF TIME STEPS COMPLFTIL.

GEOMETRIC SYMMETRY INDICATOR. I FOR NONSYMMETKIC,
2 FOR AXISYMMETRIC, 3 FOR CENTRISYMMETRIC. SED T!
CONTROL CALCULATION OF NOGE VOLUMES AND CONNECTION
AREAS CR BLOCKS 4, 5, AND 6 READ IN AFTER BLO:K 1.
(MCRE THAN ONE BLOCK I MAY BE USED, TO CHANGE K.)
SEE GEGM, KSYM, SCALE, VOLIN), AREA(N), AREASINI.

CCNTRCLS AMaJNT OF ATA UN PRINTOUTS, MINIMUM IF
NEGATIVE, NORMAL IF ZERO, AND MAXIMUM IF POSITIVE.
MAXIMUM DATA IS ALWAYS PRODUCED ON THE FIRST
AND LAST TIME STEPS. SEE IPRINT, NUM, JPIC, TIMEP.

INPUT VALUE OF KDATA.
CCTAL EQUIVALENT OF CHARACTER S.
IDENTIFICATION NJMSER OF RACTANT WITH INDEX N.
NUMBER OF SUCCESSIVE TIME STEPS JOT REPEATED, OR

NOT INVOLVING CHANGES TO SPECIAL NODES, AFTER 2ND.
PARAMETER CONTROLLING COMPILATION OF SUBROUTINE KITTY

FOR CCNTROLLEE VERSION, 0 TO SKIP, 1 TO COMPILE.
INTERVAL BETWEEN POINTS TO BE LABELEC ON CRT PLOTS.
INTEGER CCNSTANT INDICATING COMPUTER COMPILING

PROGRAM, I.E., 3600, 6600, OR 7600.
INDEX OF MATERIAL IN LIST OF MATP, MATS.
NO. OF THERMAL CONN. BETWEEN PAIRS OF SPECIAL NODES.
NO. OF MASS FLOW CONN. BETWEEN PAIRS OF SPECIAL NODES.
PARAMETER CONTROLLING COMPILATION OF PLOT STATEMENTS
FOR MAKING ISOTHERM PLOTS, 1 TO COMPILE, 0 TO SKIP.
IKPLOTT MUST ALSO BE -TO COMPILE.)

PARAMETER CONTROLLING COMPILATION OF PLOT STATEMENTS
FOR MAKING TEMPERATURE VS RADIUS PLOTS. I TO
COMPILE, 0 TO SKIP.

PARAMETER CONTROLLING COMPILATICN OF PLOT STATEMENTS
FOR MAKING TEMPERATURE VS TIME AND ISOTHERM PLOTS.
1 TC COMPILE, 0 TO SKIP.

PARAMETER CONTROLLING COMPILATION OF EXECUTABLE
STATEMENTS IN PRIME. I TO COMPILE, 0 TO SKIP.

INDICATES NODE LOCATION SCALE ON CRT PLOT IS LINEAR IF 2,
OR AS SPECIFIED IN INPUT DATA IF I (SEE LOGR).

INDICATES THAT NODEIN) IS A SPECIAL NODE. SEE KSPEC.
CLOCK TIME IN SECONDS, FROM CALL CLOCK1 (360C ONLY).
MACHINE TIME CHARGED TO THE PROBLEM, IN SECONDS,
MEASuREC FROM JUST BEFORE READING THE PROBLEM
NAME CARO FOR EACH DATA CECK.

CLOCK TME IN SECONDS, FROM LAST CLOCKI CALL.
INDICATES REGULAR NODES WILL BE CHANGED TO SPECIAL
NOCES AS NEEDED TO ALLOW LARGER TIME STEPS (OI,
BEFORE FIRST TIME STEP (1, 2, OR 3, OR NOT AT
ALL, ANC STEADY STATE CRITERIA CANNOT END PROBLEM
(-1). CAN FIX INTERPOLATION FACTOR (FOR) AT 1.0
(2) OR AT 0.5 (3). NORMAL VALUE OF KSPEC IS ZERO.

DELTO MUST BE SPECIFIED IF KSPEC IS PSITIVE.
SYMMETRY FACTOR, 1 IF KO IS I OR 2, 2 IF KD IS 3.
INDICATES TEMP SCALE IS C, K, F OR R IF 1, 2 3 4.
INDICATES TEMPERATURE SCALE ON CRT PLOT IS LINEAR IF 2, OR

AS SPECIFIED IN INPUT DATA IF I (SEE LOGTEM).
INDICATES TIME SCALE ON CRT PLOT IS LINEAR IF 2, OR AS
SPECIFIED IN INPUT DATA IF I SEE LOGTIM).

INDICAT-S TIME STEP TO BE REPEATED (-I), SUMTIM XCEEOS
TIMAX ), TEMP OVER TMAX 2), OR UNDER TMIN (33,
STEADY STATE REACHED 4), INPUT ERROR (5),
*OISCON CARD READ IN (6), KCYC OVER MCYC (73, KSECS
OVER SEC (, MISSING BLOCK 2 OR 4 193, ITERATION
CONVERGENCE FAILURE 10), NUMBER OF BLOCK ITEMS TOO
LARGE 111, OR TABLE LENGTh OVER MS 112).

TEMPORARY VALUE OF NLOOKIN,KI OR KA(N).
TEMPORARY VALUE OF NLOOK(N,K) OR KB(N).
PARAMETER CONTROLLING CHOICE OF OTHER PARAMETERS WHEN
COMPILING. I FOR 3600/STO VERSION, C FOR OTHERS.

PARAMETER CONTROLLING CHOICE OF OTHER PARAMETERS WHEN
COMPILING. 1 FOR 6600/OS VERSION, 0 FOR OTHERS.

PARAMETER CONTROLLING CHOICE OF OTHER PARAMETERS WHEN
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s r

LA

LAdt
LAi3EL
LAU IE;
LAG II
LAS 

LASTI"
L45TI 
Lb
LoriLbRM

LBX
LIST
L I SITR
LISlX
LCGE
LCGR
LOGP
LOG9
LOG 

LCGP
LOGTEM
LOGTEPO
LOGTEM
LOGTIEF
LOG TI '
LOG TI I
LCG II PO
LLGIly
LOGTI O
LC S
LCS TEM
LCSTI 
LTAE
LT ABC I N)
L rAeC I N)
LUAEE (N)
LTABE(N)
LFAeFL(N)
LTA EF L N)
LTABb(NI
LTAEG(N)
LTABG (N)
LTAEG(N)
LT A1H (N)
LTAEH IN)
LTAEKIN)
LTASK(N)
L rAe ( NJ
LTAE4(N)
LTAET (N)
LTABT(N)
LTAeT(NI
LTAeT (N)
LTABZ(N)
L r Aez Ni
LXX
LI - L3

M

MACHINE
MACF-IE
MACHINE
MALL
MALL
MALL
MALL
MALT
MALT

CnMPILING. 1 FOR 6600/STU VERSION, C FOR OTHERS.
TEMPURARY VALUE OF NLOOK(NKJ.
TEMPGRARY VALUE OF KAINOOMATINfl.
INUICATES TABLE HEADINGS TO E REWRITTEN, IF NONZERO.
TEMP SCALE INDICATOR, EQUALS LOGTEM OR ZERO.
TIME SCALE INDICATOR, EQUALS LOGTIM OR ZERO.
INDICATES NODE LOCATION SCALE IS LINEAR IF 0 LOG IF 1.
INDICATES TEMPERATURE SCALE IS LINEAR IF 0, LOG IF 1.
INDICATES TIME SCALE IS LINEAR IF 0 LOG IF 1.
TEMPORARY VALJE OF KNUDMAT(NI).
INDICATES INPUT DATA FIELD FOR HINT(N) BLANK IF ZERO.
INDICATES INPUT DATA FIELD FOR RINTIN) BLANK IF ZERO.
INDICATES INPUT DATA FIELD FOR NXX BLANK IF ZERO.
INPUT ARRAY WHICH MUST BE RECALCULATED IN SUBR REFE4.
ARRAY CCNTAINING NUMBERS TU WHICH AR:AY LIST REFERS.
INPUT VALUES OF ARRAY LIST.
MAXIAUM NUMBER OF LOG CYCLES ON NODE LOCATION SCALES N CI

PLOTS. LINEAR SCALES WILL BE USED IF 0, BOTH LOG AND
LINEAR IF PRECEDED BY A MINUS SIGN. ADD 1O TO GET
INTERPOLATION BETWEEN POINTS ON TEMPERATURE VS NODE
LOCATICN PLOT. ALSO SEE FRADI, FRAO2.
ADD 1000 TO MULTIPLY NODE LOCATION SCALE BY THE FACTUR
O.5*SUMTIM**1-0.5).

MAXIMUM NUMBER OF LOG CYCLES ON TEMPERATLRE SCALES ON CRT
PLOTS. LINEAR SCALES WILL BE USED IF 0, BOTH LOG AND
LINEAR IF PRECEDED BY A MINUS SIGN. ADD 100 TO DELETE
GRID LINES FROM ALL CRT PLOTS. ALSO SEE FTEMPI, FTEMP2.

MAXIMUM NUMBER OF LOG CYCLES ON TIME SCALES ON CRT PLcrS.
LINEAR SCALES ILL BE USED IF O BOTH LOG AND LINEAR IF
PRECEDED BY A MINUS SIGN. ADD 100 TO OBTAIN CRT PLUT OF
NODE LOCATION VS TIME ISOTHERM PLOT) FOR NODES IN LIST
ODCEPIN). ALSO SEE FTIMEI, FTIME2.

INDICATES NODE LOCATION SCALE LINEAR (C) OR LOGII).
INDICATES CRT TEMP SCALE LINEAR (01 OR LOG (1).
INDICATES CRT TIME SCALE LINEAR (0) OR LOG 11).
ABSOLUTE VALJE OF A TABLE LENGTH.
LENGTH CF TABLE OF CAPT(J,N) VS TVARC(J,N) FOR

MAT(N), IS NEG FOR TIME TABLE, POS FOR TEMP TABLF.
LENGTH CF TABLE OF ET(JNI VS TVAREIJN) FOR KEMIN),

IS NEG FOR TIME TABLE, POS FOR TEMP TABLE.
LENGTH CF TABLE, FLOWT(J,NI VS TVARFL(J,N), NODFIIN)
TO NOCF2(N), NEG FUR TIME TABLE, POS FOR TEMP TABL.

LENGTH CF TABLE OF GTIJ,N) VS TVARG(J,NI FOR NOOGIN),
IS NEG FOR TIME TABLE, PUS FOR TEMP TABLE, -1, 0,
OR I FCR EPONENTIALLY DECAYING HEAT GENERATION
WITH RATE GT(1,N) AT TIME O HALF-LIFE TVARG(I,NI.

LENGTH CF TABLE OF HSURT(J,N) VS TVARHIJ,N) FOR
NOOSIN), IS NEG FOR TIME TABLE, POS FOR TEMP TABLE.

LENGTH OF TABLE OF CONT(J,N) VS TVARK(J,N) FOR
MATIN), IS NEG FOR TIME TABLE, PUS FOR TEMP TABLE.

LENGTH CF TABLE OF QTIJN) VS TVARQ(JN) FOR KEMIN),
IS NEG FOR TIME TABLE, POS FOR TEMP TABLE.

LENGTH CF TABLE OF TEMPf(J,N) VS TIMEB(J,N), NODBIN).
MAKE 100 TO GET SINUSOIDAL VARIATION OF TBIN)
AROUND TEMPB(IN) WITH AMPLITUDE TEMPB(2,N), PERIOD
TIF'EB(1,MI, AND PHASE ADVANCE TIME TIMEB(2,N).

LENGTH CF TABLE OF ZT(JN) VS TVARZ(J,N) FOR KEMIN),
IS EG FOR TIME TABLE, POS FOR TEMP TABLE.

INDICATES INPUT DATA FIELD FOR NXX BLANK IF ZERO.
TEMPORARY VALUE OF A TABLE LENGTH.
UNIT NUMBER FOR OUTPUT OF CALCULATIONAL RESULTS. INITIALLY

MW. MAY BE CHANGED BY SPECIFYING IN COLUMNS 8-10 OF
*OUTPUT CARD PRECEDING DATA DECK.

PARAMETER SEr TO ZERO TO COMPILE ON THE 3600, SET TO
I TC CCMPILE UN THE 6600. TESTED BY DIF STATEMENTS
FOR COMPILATION OF MACHINt-SPECIFIC STATEMENTS.

INDICATES, IF I OR MORE, THAT ALL DATA ON UNIT NREAD
(MASTER MATERIAL DATA LIST) WILL BE WRITTEN ON
UNIT NLIST ISECONDARY MATERIAL LIST AFTER ANY UNIT
CONVERSION REQUIRED ISEE MUNCH).

INDICATES ALL RECORDS IN FIRST FILE JN NREAD WILL BE
WRITTEN UN NLIST WITHOUT tONVERSTON, IF POSITIVE.
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MAR
MASKI-MASK6
MASKI-MASK&
MA r IN)
MATCH
MATCH
MATCH
MATP(N)
MATF(N)
MATF(N)
PATPIN)
MATS(N)
MATSIN)
MATS IN
MATSIN)
MAX
MAX
MCYC
MCYC

HF
MF
MICS
MICS
MICS
MICS
MID
MIN
MCD
MOO
Mo
MOD
MOOS
MS

MS
MS
MSEC
MSEC
MSEC
MSS
MSS
MUNCH
MUNCH
MUNCH
MUNCH
MUNCH
MUNCH
MUNCH

Hi - M12
Ml - 12

Ml - M12MI - M12

Ml - M12
Ml - 012Mi - P12
Ml - P12
ml - Piz

A AC PT
NACC
NAOFI
NAOF2
NAOG
NADFR
NADF1

NAOS
NADSB
NAOI
NADI
6 AO 0 

SIZE OF ARRAY LISTR IN SUBRUUTINE REFER.
LITERALS USED TO MASK OUT VARIOUS PARTS OF 8- AND 10-
CHARACTER WORDS IN PRIME, TO COMPARE CHARACTERS.

ICENTIFICATION NUMBER OF MATERIAL WITH INDEX N.
NUMBER OF MATERIALS FOR WHICH DATA HAS BEEN
COPIED FROM THE MASTER MATERIALS DATA LIST TO THE
SECONDARY DATA LIST, WITH OPTIONAL UNIT CONVERSION.

MASTEA ICENTIFICATION NUMBER OF A MATERIAL ON THE
MASTER MATERIALS DATA LIST ON UNIT NREAD, FOR WHICH
DATA IS TO BE WRITTEN ON THE SECONDARY MATERIALS
DATA LIST ON UNIT 4LIST.

ICENTIFICATION NJMBER TO BE SUBSTITUTED FOR THE
MASTER IDENTIFICATION NUMBER WHEN DATA IS WRITTEN
ON THE SECONDARY MATERIALS DATA LIST ON UNIT NLIST.
IF BLANK OR ZERO, MASTER NUMBER WILL BE USED.

SIZE CF ARRAYS LIST AND LISTX IN SUBROUTINE REFER.
HIGHEST INDEX OF PART OF TABLE BEING SEARCHED.
MAXIMUM ALLOiED NUMBER OF TIME STEPS LIMIT ON KCYCI.

NEGATIVE WILL STOP PROBLEM AT END OF FIRST TIME
STEP, ZERO OR BLANK IS IGNORED.

TCTAL NUMBER OF TIMES OTEMP OR OTMAX HAS EXCEEDED TVARY
IN TIME STEPS FOR WHICH ELT WAS EQUAL TO SMALL.

MACHINE TIME CHARGED TO THE PROBLEM SINCE THE LAST
CALL OF TIMER, IN SECONDS. (ON 66CO, OBTAINED IN
MICROSECONDS FROM TICHEK IN TIMER, IMMEDIATLY
CONVERTED TO SECONDS.)

CENTRAL INDEX OF PART OF TABLE BEING SEARCHED.
LOWEST INDEX OF PART OF TABLE BEING SEARCHED.
CHARACTER IN COLUMN 8 OF BLOCK NUMBER CARD,

BLANK FOR DELETING OLD ITEMS AND ADDING NEW ITEMS,
/A/ FOR SAVING OLD ITEMS AND ADDING NEW ITEMS,
/8/ FOR MODIFYING OLD ITEMS AND ADDING NEW ITEMS.

IhOICATES MOD IS A (+1, B-t), OR NEITHER 10).
NUMBER OF TIME STEPS FOR WHICH ELT WAS EQUAL TO OELTMX

ANO OTEMP AND OTMAX WERE LESS THAN TVARY, SINCE LAST
REGULAR NODE WAS RECLASSIFIED AS A SPECIAL NODE.

MAXIMUM ALLOWED USE OF MACHINE TIME, IN SECONDS.
NEGATIVE WILL STOP PROBLEM AT END OF FIRST TIME
STEP, ZERO OR BLANK IS IGNORED.

TCTAL NUMBER OF TIMES TEMP AND DTMAX WERE LESS THAN TVARY
IN TIME STEPS FOR WHICH ELT WAS EQUAL TO DELTMX.

INDICATES UNITS OF MASTER MATERIALS DATA LIST ON UNIT
NREAC WILL BE CONVERTED FROM CM-G-SEC-CAL-DEG C TO
M-KG-SEC-JOULE-DEG K 12), FT-LB-HR-BTU-DEG F (3X,
IN-LB-SEC-BTU-DEG F (43, M-TON-DAY-GCAL-DEG C 53,
OR CONVERSION FACTORS XD, XC, XK, XT, XTP, AND XH
WILL BE USED 63 BEFORE WRITING DATA ON UNIT NLIST,
OR WILL NOT BE CONVERTED (BLANK, ZERO, OR 1.

NCRMAL MONITOR OUTPUT UNIT NUMBER (03 AT LRL).
PARAMETERS CONTROLLING DIMENSIONS OF ARRAYS FOR

CRT TIMES (Ml), MATERIALS M2), REACTANTS M33,
NODES (M419 INTERNAL CONNECTIONS M5), SURFACE
CONNECTIONS M6), BOUNDARY NODES (M7), HEAT GEN
NOOES(MB), TABLE LENGTH M93, MASS FLOW (MID),
CRT PLOT NODES (MtU), AND REMOTE PROPERTIES M121.
PARAMETERS Ml, M3, M6, M7, M8, MID, Mll, AND M12
ALSO CCNTROL COMPILATION OF THE ASSOCIATED OPTIONAL
PARTS OF THE PROGRAM, SKIPPED IF PARAMETER IS ZERO.

ARRAY SUBSCRIPT.
INDICATES TYPE OF SCALES ON CRT ISOTHERM PLOT.
D0FF BETWEEN SUCCESSIVE VALUES OF NODE IN SEQUENCE.
DIFF BETWEEN SUCCESSIVE VALUES OF NOOF1 IN SEQUENCE.
DIFF BETWEEN SUCCESSIVE VALUES OF NOOF2 IN SEQUENCE.
OIFF BETWEEN SUCCESSIVE VALUES OF NOCG IN SEQUENCE.
DIFF BETWEEN SUCCESSIVE VALUES OF NPROP IN SEQUENCE.
D0FF BETWEEN SUCCESSIVE VALUES OF NOOPI IN SEQUENCE.
D0FF BETWEEN SUCCESSIVE VALUES OF NOOP2 IN SEQUENCE.
DIFF BETWEEN SUCCESSIVE VALUES OF NODS IN SEQUENCE.
0IFF BETWEEN SUCCESSIVE VALUES OF NOCS5 IN SEQUENCE.
DIFFERENCE, AFTER MULTIPLICATION BY l0**NZ, BETWEEN

VALUES OF NADI IN SEQUENCE OF CONNECTIONS.
DIFFERENCE, AFTER MULTIPLICATION BY 1O**NZ, BETWEEN
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iAD 2
NAME

NAME
NA 1_-
NAR I
NA I I

Nb

NB

NBL
NB2
NC

NCARDS
NCHECK
NCUR
NCUR
NC YC
NOATA
NOA IA
NOA TE
NDI C
NDI SC
NOCT
NOCT

NEST
NEST
NES I
NEST
NEWeL(NJ
NEWeL(N)
NEWS
NGR ID
NHOLR
ANI N I
NIhT
NI T
NKEF
NLIST
NLI ST
NLI ST
NLI ST
NLI ST
NLIST
NLI ST
NLI ST
NLCEKINK)
NMAT
NPATS
NMAIS
NME LT
NN
NCCCN
NOOB (N)
NODES
NODE(N)
NODEPINI
NCODEP(N)
NODEPIN)
NCODES
i4GOF1 (NI
NCDF2(N)
NODGMNI
NOOPAr (N)
NCODS

VALUES CF NAD2 IN SEQUENCE OF CONNECTIONS.
80-CHARACTER TITLE ON PROBLEM NAME CARD. FIRST

CHARACTER MUST BE AN *. CHARACTER 72 CONTROLS USE
OF CATA FROM PRECEDING PRU8LEM (SEE K).

PROBLEM NAME Ar TIME LAST CATA END CARD WAS READ IN.
INDICATES TYPE OF SCALES ON TEMP VS NODE LOC. PLOT.
INDICATES TYPE OF SCALES ON TEMP VS TIME PLOT.
INPUT UNIT NJMBER FOR BLOCK ITEMS, NR OR NUMBER IN
COLUMNS 15-16 OF BLOCK NUMBER CARD, WHEN COLUMNS
9-14 ARE /INPJT/, OR IF *MAST CONTROL CARD IS USEC
IN LOCK 2, AFTER DATA TANSFER, NO WILL BE NEST,
IF LATTER IS SPECIFIED, OR NLIST, IF NEST IS NOT
SPECIFIED AND NLIST IS NOT MW, M, OR 1CO.

INTEGER WHICH SEEKI OR SEEK2 IS TO SEARCH FOR.
INTEGER WHICH SEEK2 IS TO SEARCH FOR, ALONG ITH NBL.
ARRAY SUBSCRIPT OF NX IN PATCH.
NUMBER OF CARD RECORDS READ IN FROM UNIT NREAD.
NUMBER OF CARD RECORDS WRITTEN ON UNIT NLIST.
INDICATES /*CHECK/ CARD READ IN, IF NON-ZERO.
NUMBER F VALUES OF TCONT USED FOR ISOTHERMS ON NODE

LOCATION VS TIME PLOT. VARIES FROM IC TO 40.
VALUE OF KCYC FOR WHICH CRT PLOT IS BEING MADE.
OUTPUT UNIT ON WHICH UNUSED DATA DECKS WILL BE SAVED,

SPECIFIED IN COLUMNS 7-8 JF /*DECKS/ CARD.
BCO WCRO INDICATING MACHINE LETTER, MONTH, AND DAY.
INDICATES A /*OISCONTINUE/ CARD HAS BEEN READ IN, IF
NONZERO, AND PREVIOUSLY INTERRUPTED PROBLEM ENDED.

INDICATES TIME DERIVATIVES DT(N), DOA(N), DBINI WILL BE
USED INCOT 0, OR MAINTAINED AT C.C NDOT NOT 01.

INDICATES SSI SHOULD END A PROBLEM, IF 1.
UNIT NUMBER TO BE USED FOR INPUT OF BLOCK 2 ITEMS

AFTER CATA HAS BEEN WRITTEN ON UNIT NLIST (SEE
*MAST). BLANK = NLIST, IF NLIST IS NOT MW, M, OR
100. OTHERWISE, BLANK = NB.

NUMBER OF TIMES DATA BLOCK N HAS BEEN READ IN. 1000
IS ADCEC EACH TIME A REFERENCED BLOCK IS READ IN

NUMBER CF REG NODES MADE SPECIAL IN ONE TIME STEP.
INDICATES DELETION OF CRT PLOT GRID LINES, IF 1.
SIX-CHARACTER WORD INDICATING CLOCK TIME IN HOURS.
NUMBER CF EQJALLY SPACED ISOTHERMS ON NODE LOCATION

VS TIME PLOT. VARIES FROM 10 TO 4C.
NUMBER OF NODES WITH INITIAL VALUES TT, AA, BB, GG.
NUMBER OF REACTANTS DESCRIBED IN INPLT BLOCK 3.
SECONDARY MATERIALS DATA LIST I/O UNIT (SEE *MAST).

BLANK 4. NLIST WILL BE REWOUND AND BECOME THE
NEXT INPUT UNIT FOR BLOCK 2 ITEMS AFTER IT HAS BEEN
WRITTEN ON, UNLESS NEST AS BEEN SPECIFIED OR NLIST
IS MW, M, OR 100 (SEE NEST, NRS, NR, N). NLIST
WILL NOT BE REWOUND BEFORE OR AFTER BEING WRITTEN
ON IF IT IS PRECEDED BY A MINUS SIGN. WHEN PRIME
IS CALLED FOR THE DECKS OPTION, NLIST IS NOATA.

NCDE WHOSE TEMP DET. PROP K FOR NODE N (SEE NPROPI.
NUMBER CF MATERIALS DESCRIBED IN INPLT BLOCK 2.
NUMBER CF MATERIALS IN LIST OF SELECTED MATERIALS
WHICH FOLLOWS *MAST CARD IN BLOCK 2 WHEN MALL = 0.

NUMBER CF MATERIALS WITH LATENT HEAT OF PHASE CHANGE.
INDICATES TABLE LOOK-UP FOR REACTANT A (1) OR B 21.
NUMBER OF INTERNAL NODE CONNECTIONS (INPLT BLOCK 5).
NUMBER OF BOJNDARY NODE WITH INDEX N.
NUMBER OF BOJNDARY NODES (INPUT BLOCK 7).
IDENTIFICATION NUMBER OF THE NODE WITH INDEX N.
NCDE FOR WHICH A TEMPERATURE VS TIME PLOT WILL BE MADE,

AND IF 100 ADDED TO LOGTIM, WILL BE USED TO PRODUCE A
NODE LOCATION VS TIME (ISOTHERM) PLOT.

NUMBER F NODES DESCRIBED IN INPUT BLOCK 4.
NUMBER CF NODE FROM WHICH MASS FLOWS TO NODF2(N).
NUMBER CF NODE TO WHICH MASS FLOWS FROM NODFIIN).
NUMBER OF A NODE WITH VARIABLE HEAT GENERATION.
IDENTIFICATION NUMBER OF THE MATERIAL IN NODEIN).
TCTAL NUMBER OF NODES OF A MATERIAL.
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UCP (1)
L)F2 IN

NUDSB IN)
NCD1 (N)
iUD21N)
NLF F
NCFLCn
NC; N
NLPCkS
i4CRAD
N ADS
NCSCCh
NCS FEC
NCSR
las 
NCOSR
4CSRT
NOS TE O
40STE N
'dUSTIM
NCS TIM
NUTE INI
NOA
NC 
'4CXE INI
NOXEP I (N
NOXFl I N)
NOXF2 (NJ
NUXG NI
NOXPAT (N)
NUX1 N)
-1CX fZ I N)
i0OXS (N)

NCXSB I N)
NCX1I N)

sPLC

Pi)R I NT
NPRC8
N4PRCB
NPRCPIN)
NPAMPN)
N04CPIN)
NPRCP N
NPU NCH
NVU NCH
'YPUNCH
NPUhCH
NR

NJ'E icri'L(T

NPt AC N

;,' E ACT N

RE C P E CT

NREAD
NRE AD

N RE CS

"iS
NS
1SAVE

NSEC
rJSEt.

NCDE FOR WHICH TINOOP21N)l 0tfTERMINES PROP NPROP(NI.
NCDE WHOSE TEMP DETERMINES PROP NPROPIN) OF NOnPlIN).
NUMBER CF SURFACE OUE CONNECTED T NOOSBIN).
NUMBER GF BOJNDARY NUCE CN4ECTEC TO NODSINI.
NUMBFR OF INTERNAL OR SURFACE NODE CNN. TO N02(1.
NUMBER OF INTERNAL OR SURFACE NODE CONN. TO NODIINI.
INDICATES A /*UFFMON/ CARC HAS BEEN READ IN, IF 1.
NUMBER OF MASS FLOW CONNECTIONS INPLT BLOCK IC).
NUMBER CF NODES ITH HEAT GENERATION.
NC. UF SURFACE-B3UNOARY CONN. WITH NON-ZERO POWERINI.
NUMBER OF NODE CONNECTIONS WITH NUN-ZERO RINTINI.
NC. OF SURFACE-BOUNDARY CONN. WITH NON-ZERO RSLRE(NI.
NUMBER CF EXTERNAL CONNECTIUNS (INPUT BLOCK t).
NUMBER CF SPECIAL NODES IN SYSTEM.
INDICATES BOTH LOG AND LINEAR NODE LOCATION SCALES AILL

BE USED ON CRT PLOTS IF 2 ONLY LINEAR SCALES IF 1.
INDICATES BOTH LOG AND LINEAR NODE LJCATION SCALES hILL

BE USED ON ISOTHERM PLOTS IF 2 ONLY LINEAR IF 1.
INDICATES BOTH LOG AND LINEAR TEMPERATURE SCALES WILL BE

USED ON CRT PLOTS IF 2 ONLY LINEAR IF 1.
INDICATES BOTH LOG AND LINEAR TIME SCALES WILL BE UScD ON

CRT PLOTS IF 2, ONLY LINEAR IF 1.
NUMBER OF NODE WITH INIT. COND. TT, AA, BB, AND S.
INDICATES PRINTOUTS ARE BEING PRODUCED FOR THE TIME STEP
JUST CCMPLETED, IF NONZERU.

INPUT VALUE OF NOTE(N).
INPUT VALUE OF NODEPIN).
INPUT VALUE OF NODFIIN).
INPUT VALUE OF NODF2N).
INPUT VALUE OF NODGN.
INPUT VALUE OF NODMATIN).
INPUT VALUE OF NODPIIN).
INPUT VALUE OF NODP2(NI.
INPUT VALUE OF NOOS(NI.
INPUT VALUE OF NOOSBINI.
INPUT VALUE OF NODIlNI.
INPUT VALUE OF NOOZIN.
TEMPORARY VALUE OF NPROPIN).
BCO CRC CONTAINING PERCENTAGES OF MACHINE TIME

CHARGED TO CPU, 1/0, AND SYSTEM CALLS SINCE THE
LAST CALL OF TIMER (6600 NLY, /8H UNKNOWN/ ON 36C0).

VALUE OF NPER OBTAINED JUST BEFORE OFFMON CALLED.
NC. OF TEMP VS NODE LOCATION CRT PLOTS MADE.
NC. CF TEMP VS NODE NUMBER PRINTOUTS MADE.
PROBLEM NUMBER, COUNTED FROM LAST /*DATA/, /*OFFMON/,

OR /*DISCONTINJE/ CARD.
NC. CF PRCPERTY EVALUATED AT TEMP OF NODE NODP2(NIt
USEC FCR NODE NOOPIIN. IS 1 FOR CAPT, 2 FOR CONT
3 FCR T 4 FOR ZT, 5 FOR ET, 6 FOR GT, 7 FOR
FLOWT, AND 8 FOR HSURT.

INDICATES FINAL VALUES OF T, A, B AND CONSTANT
VALUES CF G WILL BE PUNCHED IN THE FORMAT OF BLOCK
9 WHEN THE PROBLEM IS ENDED OR INTERRUPTED TO
ALLCW A CONTINUATION PROBLEM TO BE RUN.

INPUT UNIT NUMBER FOR DATA DECKS, NRS OR NUMBER IN
COLUMNS 7-8 OF /*INPUT/ CARD.

NUMBER OF NODES WITH AN INITIAL CONCENTRATION A OR B OR
OF A MATERIAL WITH HMELT(N) NOT ZERO. BEFORE FIRST TIME
STEP, NKEM IS ADDED TO NREACT.

MASTER MATERIAS DATA LIST INPUT UNIT ISEE *MASTI.
NREAO WILL NOT BE REWOUNO BEFORE OR AFTER BEING
REAC IF IT IS PRECEDED BY A MINUS SIGN. WHEN PRIME
IS CALLED FOR THE *OECKS JPTION9 NREAD IS NR.

NUMBER CF TAPE CHECK ERRORS IN BUFFERING IN A REORD.
NUMBER CF RECORDS BUFFERREC IN WITH APE CHECK ERROkS.
NUMBER OF REGULAR ODES IN SYSTEM.
NCRMAL MCNITOR INPUT UNIT NUMBER 102 AT LRLI.
ARRAY SUBSCRIPT OF PIN).
INDICATES A /*DECKS/ CARD HAS BEEN READ INt IF 1 ANO
UNUSED CATA DECKS ARE TO BE SAVED ON NIT NDATA.

NUMBER OF BLOCK ITEMS TO BE GENERATED IN ADDITION To THE
ITEM DESCRIBED. NODE NUMBERS WILL BE INCREMENTED BY THE
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w)C:

jSl

NSKIP
N~'I( I p
NS Trp

/ 4 ST CRt

*es r AR.,i
4 T A PLP

4 T Y F E (N I
rIT YFE (1

T Y FE S I(NI

N4U F'

NUM
NU F'
NU 

NUP
NU PI
NUI

.4UPI

NUT IAX
NUT S
NUT 
NU SUM'

NVA C
N VA 4EB
'4VARFL
N VA.,

i1VAR K
NVARK.
NIVA. r 
jV A1 I 
'4VAW

4W
'ihi3LI 2
NW8Ll

'4 WC~i F' A

/ .WF LCo
NWF LGW
NWG EN3

NW! NDRA
N I I A

I A Juh

'4W Nowq
4WP Lt:
Ni4PLCT
NWRECD
'Ja RE;C
NWSLR=-
NWSUR~
'4 x
'4 x X (N)
N4xi (NII
N K2 IN)
N4X 3 N I
NXJ4 (NI
NI

NI - 2
PIN)

Pi e

AMCUNTS NADOD ADI NAD2, AUS NAOSB, ETC., AS APPLICABLE,
AN. IF CRAD IS PRECECED BY A MINUS SIGN, DRAD VALLtS WILL
BE I'CCREMFNTED BY THE OIFFEREr4CE BETWEEN ORAD AND THE
VALUE CF ORAU FOR THE PRECEDING BLOCK ITEM.

NUMBER CF RF PLUT TIMES F WHICH NO DATA WAS PLOTftO, OUF
To LIMIT Ml N TOTAL NuMBt: F PLOT TIMES.

INDICArtES PROBLEM- TO EN WENi TIME SEP COMPLCIE.
NUM81-R CF ORUS F MLMORY USED BY ARRAYS THAT HAVE SIZLS
FIAED BY PARAMETFRS Ml TO M2.

TCTAL UMBER tF AHL S 11 IPUT CATA.
NUMBER OF NODES ITH REMOTELY DEPENDENT PROPERTIES.
INDICATES TMP VS NODE LJC. PLOTS TO BE MADE, IF 1.
NCODE TYPE, REGULAR 101, SURFACE (Ill ZERO-VOLUME (2),

KS=I SPECIAL 13), SPEC=O CONVERTEC SPECIAL (4),
OR KSPECzl CONVERTED SPECIAL (5).

INITIAL NODE TYPE . SEE NTYPE(N).
NUMBER F A NODE FOR HIC T DOT, A, 8 G AND SUMII? WILL

BE WRITTEN ON OUTPUT UNIT M EVERY TIME STEP. THIS IS IN
ADDITICN TO THE DATA WRITTEN OUT FOR ALL NODES AT
INTERVALS CONTROLLED BY IPRINT AND TIMEP.

INPUT VALUE OF NUM.
INDICATES CRT PLOTS WILL BE MADE, IF POSITIVE. EQUAL

TO NUPI + NTARP.
NUMBER OF NODES WHICH WILL BE ON TEMP VS TIME PLOTS,

ANC ISOTHERM PLOTS, IF LOGTIM IS OVER 100. SPECIFIED
BY LIST NODEPIN) IN BLOCK 11.

MAXIMUM ALLOWABLE NUMBER OF ITERATIONS OF THE HEAT BALANCE
EQUATICNS FOR INTER-CONNECTED SPECIAL NODES (801.

NUMBER OF ITERATIONS COMPLETED BEFORE CONVERGENCE. WILL
CAUSE NEXT TIME STEP TO BE REDUCED IF MORE THAN 40.

TCTAL NUMeER OF ITERATIONS USED IN PROBLEM.
MAXIMUM NUMBER OF ITERATIONS USED IN ANY TIME STEP.
NUMBER OF MATERIALS WITH VARIABLE HEAT CAPACITY.
NUMBER OF REACTANTS WITH VARIABLE ACTIVATION ENERGY.
NUMBER OF MASS FLOW CONNECTIONS WITH VARIABLE FLOW.
NUMBER OF NODES WITH VARIABLE HEAT GENERATION.
NUMBER OF SURFACE NODES WITH VARIABLE SURFACE COND.
NUMBER CF MATERIALS ITH VARIABLE THERMAL COND.
NUMBER OF AEACTANTS WITH VARIABLE HEAT OF RACTION.
NUMBER CF BOJNDARY NODES WITH VARIABLE TEMPERATURE.
NUMBER OF REACTANTS WITH VARIABLE COLLISION FREO.
NUMBER OF WORDS IN EACH RECURD BUFFERED IN (8 OR 9 Ci
6600 O ON 3600).

MEMORY USED FOR ADJUSTABLE ARRAYS FOR BLOCK 12 OPTIJN.
EQUALS 8*M4 5*M12.

MEMORY USED FOR ADJUSTABLE ARRAYS FOR BLOCK 3 OPTION.
EQUALS 4*M2 + 4 6 + 9*M9)*.M3 + 10*M4.

MEMORY USED FOR ADJUSTABLE ARRAYS FOR BLOCK 10 OPTIIN.
EQUALS 4M4 + (3 + 3*M91*M8.

MEMORY USED FOR ADJUSTABLE ARRAYS FOR BLOCK 8 OPTION.
EQUALS 2*M4 + (3 + 3*M9)*MB.

INDICATES, IF NEGATIVE, THAT UNIT NREAD WILL NOT BE
REWCUND EFORE OR AFTER IT IS READ.

INDICATES, IF NEGATIVE, THAT UNIT NLIST WILL NOT BE
REWCUNC BEFORE OR AFTER IS IS WRITTEN ON.

MEMORY USED FOR AnJUSTABLE ARRAYS FOR BLOCK 11 OPTION.
EQUALS 4*M4 + 3*M1 1 + 1 + M)*MII.

MEMORY USED FOR REQUIRED AOJUSTABLE ARRAYS.
EQUALS 18 + *M91*M2 * 28*M4 + 12*M5 3*M9.

MEMORY USED FOR ADJUSTABLE ARRAYS FOR BLOCK 6 PTIliN.
EQUALS 12 + 3*M91*M6 + (5 + 3M91*M7.

TEMPORARY VALUE OF NEWBL(N), OUTPUT LINE COUNTER.
A BCC UMEER TO BE TESTED FOR A DECIMAL PT. IN PATCH.
INPUT NUMBER HINTINI, HSUREIN), OR TT(N) IN BCD FORM.
INPUT NUMBER RINTIN)I RSUREIN)t OR AAIN) IN BCU FOR'.
INPUT UMBER POWERIN) OR BNI IN BCD FORM.
INPUT NUMBER GIN) IN BCD FURM.
INDICATES NADI, NAD2 ARE TO BE MULTIPLIED BY IC**NZ.
TEMPORARY VALUES OF VARIOUS INTEGERS.
A WORC BUFFERED INTO MEMORY, IN PRIME.
NUMBER OF TIME STEPS ESTIMATED TO REMAIN BEFORE TIMAX

REACHES AN INTEGRAL MULTIPLE OF TIMEP.
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PONE
PONE
PONE
POU T
Pa%~R(N)
POERINIPCWEI(NI
POWER (N
PRAC(N)
PRM*X
PRMIN
PROFIN)
PSI )
PTEPP(JNI
PTIVEN)
PX
Pl - P5

(jOIN)
iT IJ,M
RAD
RADIUS IN)
RATE
RATC
RATIO
KArIC
RATIC
RATI
RATZ
ROEtT
REX
RGAS
RIN r I N 
R I NIIX)Al K T N)

RI N I N)
RINTC
Al NIR
RINTS
RMA X
R14AXR
RMAIR
RMI N

RONE

RONE

PLCr(N)
KPLCT (N)
RPLCT IN)
RSURE IN)
RSUPE IN)
PtSU4E(N)
RX
SCALE
SCALE
SCALE
SCALE
SET
St ro
SE T S
SIGFA
SIGA
SLI (N)
SLI PI i)
SLCCIJ.N)
SLOE(J,N)
SLCFLIJ,N
SLCGIJvh
SLOFIJN)
SLOKIJoh
SLEPS

FREE CCNVECTION EXPONENT FOR ANY EXTERNAL CONNECTION
WITH PWERIN) BLANK, IN ANY BLOCK 6 READ IN AFTER
BLOCK 1.

FLOATING POINT VALUE GIVEN A BCD NUMBER NXX IN PAT'h.
FREE CCNVECTION EXPONENT FOR EXTERNAL CONNECTION

BETWEEN NOOSIN) AND NODS81NI, USED IN EQUATION
OF FORM HSURE*ITI - T2)**POWER. BLANK PONE.

ECUAL TO RPLOTIJ), WHERE J = NODEPIN).
LARGEST NCODE LOCATION ON ISOTHERM PLOT SCALE.
SMALLEST NODE LUCATION ON ISOTHERM PLOT SCALE.
TABULATEC CAPACITY OR CONDUCTIVITY, SED IN PRIME.
A WORD BUFFERED OUT, IN PRIME.
CRT PLOT TEMP FTEMPI+FTEMP2*T(NODEPIJ)) N NPLOT.
CRT PLOT TIME FTIMEl + FTIMEZ*SUMTIM, N NPLOT.
TEMPORARY VALUE OF POWERIN) OR CORDINI.
TEMPORARY VALUES OF SEVERAL INPUT VARIABLES.
HEAT CF REACTION OF REACTANT A IN NODEIN).
HEAT CF REACTION OF REACTANT B IN NODEIN).
HEAT CF ECOMPOSITION OF KEMIN) AT TARQ(JN).
RADIATION COEFFICIENT AT NODE CONNECTIONS.
RADIUS OF NOOEIN), ORAO*SCALE (POS) IN BLOCK 4.
AVERAGE RATE OF HEAT FLOW INTO NODE OR SYSTEM.
VALUE CF TVARY/OTEMP IN TIME STEP OELTG.
RATIO OF CELT TO DELTS. BEFORE RESTRICTING DELT TO LIMITS

SMALL AND OELTMX. RATIO IS TVARY/MAXIFIDTEMP,DTMAX),
RESTRICTED TO THE RANGE FROM 0.5 TO 2.0.

VALUE OF TVARY/OTEMP IN TIME STEP DELTS.
VALUE OF TVARY/DTEMP IN TIME STEP DELTSS.
VALUE OF IELT + DELTS)/IDELTS + DELTSS).
NCDEIN), IF XD IS 1, RADIUSIN), IF KO IS 2 OR 3.
GAS CCNSTANT, EQUAL TO 1.987 CAL/MOLE DEG K.
RADIATION VIEW FACTOR FOR CONNECTION BETWEEN NODIN)

AND N0021N), INCLUDING EFFECTS OF GEOMETRY AND
SURFACE EMISSIVITY. IF NEGATIVE, POS. VALUE USED
AS FREE CONVECTION EXPONENT, HINT*(T1 - T2)**RINT.

FREE CONVECTION EXPONENT DERIVED FROM RINT.
RADIATION TRANSPORT COEFFICIENT DERIVED FROM RINT.
INPUT VALUE OF RINTIN).
LARGEST VALUE OF RPLOTINI TO BE USED ON CRT PLOTS.
LARGEST VALUE OF RPLOT(N) TO BE USED ON CRT PLOTS WHEN

INFRA IS ZERO.
SMALLEST VALJE OF RPLOTIN) TO BE USED ON CRT PLOTS.
SMALLEST VALUE OF RPLOT(NI TO BE USED ON CRT PLOTS WHEN

INFRA IS ZERO.
RADIATION VIEW FACTOR FOR ANY EXTERNAL CONNECTION

WITH RSUREIN) BLANK, IN ANY BLOCK 6 READ IN AFTER
BLOCK 1.

NCDE LOCATION FRADI + FRAD2*REX, WHERE REX a NODEIN),
IF K = 1, OR RADIUSIN), IF KD IS 2 OR 3. RPLOT(N)
IS MULTIPLIED BY 0.5*SUMTIM**(-0.51 IF INFRA IS 1.

RADIATION VIEW FACTOR FOR EXTERNAL CONNECTION BETWEEN
NOOSIN) AND NODSBIN), INCLUDING EFFECTS OF GEOMETRY
AND SURFACE EMISSIVITY. BLANK = RONE.

TEMPCRARY VALUE OF RSURE(N).
REAC IN, TO CHANGE SCALE.

LINEAR SCALE FACTOR USED IN CALCULATING ALL LENGTHS,
AREAS, AND VOLJMES FOR BLOCKS 4, 5, AND 6 READ IN
AFTER BLOCK 1. BLANK 1. MORE THAN ONE BLOCK 1 MAY BE

TIME CR TEMP FOR TABLE LOOK-UP.
FACTCR DETERMINING EXPONENTIAL DECAY OF HEAT GEN.
FACTOR DETERMINING EXPONENTIAL DECAY OF HEAT GEN.
STEPHAN-BOLZMAN CONSTANT FOR THERMAL RADIATION, WITH VALUE

1.355E-12 FOR KT = 1 OR 2, OR .173E-e FOR KT 3 OR 4.
MAXIMUM STABLE TIME STEP FOR A REGULAR NODEINI,

EQUALS CAPIN/ZPIN).
SLOPE BETWEEN ENTRIES J AND J-1 IN CAPTIJNl TABLE.
SLOPE BETWEEN ENTRIES J AND J-L IN ETlJ,N) TABLE.
SLOPE BETWEEN ENTREES J AND J-1 IN FLOWTIJNI TABLE.
SLOPE BETWEEN ENTRIES J AND J-1 IN GTIJN) TABLE.
SLOPE BETWEEN ENTRIES J AND J-1 IN HSURTIJ,N) TABLE.
SLOPE BETWEEN ENTRIES J AND J-1 IN CONTIJ,NI TABLE.
RATIO OF MAXIMUM RATES OF TEMPERATURE CHANGE IN TIME STEPS
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SLOPS
SLCC(J,NI
SLCr(J,N)
SLOZ(JN)
SMALL

MA IL
SMALL
SMALT
S PEED

S I A
SUPJ I P
SI
S2
I (N)
TAU
r N)

TOASE
TBA !E
IBASE
TB SIN)
TCONT (N)
TCC1T (N)
TCCNT(N)
TEMFAD
TEFFB(J,N)
TEPFB I,NI
TEMFB (2 ,NI
TEMPER
TEMPLE
TEX
TEX
IHIGH
TrM
TIM
TIPS
TI M
TI X
TI MAX
TI POAx
TI MEd I J ,N)
TI MEB5 1 IN)
TIPOEB(2,N)
TIPEP
TIMEP
TI PEP
TI MEP
TI PEP
IINT
TINT
TINT
TL01%
rMAX
fMAR
TMA A
T MAXP N I
TMAXI
IPAXI
TMELT (N)

TMI N
TMI N

TMI NP(N1
TM I IN1
rmlhN
I VS
lON[
TrNE
rGNE
TPLCT(N)
TPMAX

DELTS AND OELTSS, RATI*OELTS)/(RAT2*DELTSS).
SLOPE ETeIEEN ENTRIES J ANO J-1 IN UTIJ,N) TABLE.
SLOPE BETWEEN ENTRIES J AND J-1 IN T MPB(JN) TABLE.
SLOPF BETWEEN ENTRIES J ANC J-l IN ZTIJ,N) TABLE.
MINIMUM ALLOWABLE TIME STEP. BLANK I.E-12, LATER
REPLACEC WITH 3.O1*DELTMX, AS LONG AS AT LEAST 1/4 OF THE
NODES ARE REGULAR IODES.

INPUT VALUE OF SMALL OR .OE-12, WHICHEVER IS LARGER.
FACTOR CCNTROLLING ACCELERATION OF ITERATION METHOD 0.2).
SMALLEST TIME TO BE USED ON CRT PLUT TIME SCALES.
TCTAL PROBLEM TIME, STARTING AT TAU. LIMIT IS TIMAX.
ITERATIC'4 ACCELERATION FACTOR, EITHER SPEED OR 0.0.
ITERATION ACCELERATION FACTOR, EQUALS S1 + 1.
TEMPERATURE IN NODEIN). SEE TONE, TTIN).
INITIAL VALUE OF TIME, AND LOWER LIMIT ON CRT SCALE.
TEMPERATURE AT BUNDARY NOCE NOOBIN). SEE TBONE,
LTABT(N), TEMPB(JNl, AND TIMEB(J,N).

TEMPERATURE DIFFERENCE BETWEEN SCALE IN USE AND ABSOLUTE
SCALE, 273.15 FOR KT = 1, 0.0 FOR KT 2 OR 4, AND
460.0 FOR KT 3.

AVERAGE VALUE OF TBIN) IN A TIME STEP.
TEMPS USED FOR ISOTHERMS ON NODE LOCATION VS TIME

PLOT. INTERVAL IS TINT, NUMBER IS NCUR, 10 TO 40.
TCONT(2) IS INITIALLY THE HIGHEST TEMP TO BE USED.

AVERAGE TEMPERATURE OF SYSTEM (CONSTANT CAP(N).
TEMPERATURE AT BOUNDARY NODE NOOBIN) AT TIMEB(JN).
AVERAGE VALUE OF TBIN), IF LTABT(N) IS 100.
APPLITUCE OF VARIATION OF TB(NI, IF LTABTIN) 1S 100.
CHANGE IN AVG TEMP OF SYSTEM DUE TO NET SURFACE FLUX.
CHANGE IN AVG TEMP DUE TO HEAT GENERATION.
AESOLUTE TEMPERATURE DETERMINING REACTION RATE.
DUMMY ARGUMENT IN CALL CARTMM AND CALL LOGMM.
LARGEST TEMPERATURE TO BE PLOTTED FOR A CRT NODE.
REMAINING TIME BETWEEN SUMTIM AND NEXT HIGHER INTEGER
MULTIPLE OF TIMEP FOR WHICH A PRINTOUT WILL BE MADE.

REMAINING TIME BETWEEN SUMr[M AND NEXT HIGHER INTEGER
MULTIPLE OF TIMEP.

MAXIMUM ALLOWED PROBLEM TIME (UPPER LIMIT ON SLMTIMI.
NEGATIVE WILL STOP PROBLEM AT END OF FIRST TIME
STEP, ZERO OR BLANK IS IGNORED.

TIME AT WHICH BOUNDARY NODE NOOB(N) IS AT TEMPB(J,N).
SINE WAVE PERIOD OF TB(N), IF LTABT(N) IS lOC.
SINE WAVE ADVANCE TIME OF TB(N), IF LTABTIN) IS 100.
INDICATES THAT DATA PRINTOUTS AND CRI PLOTS WILL BE MADE AT
PROBLEM TIMES HICH ARE INTEGER MULTIPLES OF TIMEP IN
ADDITICN TO THE FIRST, SECOND, AND LAST TIME STEPS,
AND OTHER TIME STEPS ACCORDING TO IPRINT AND JPIC. ALSO
SEE KATA, NUM, IRITE, ITAPE, MW, M, AND *OUTPUT.

INTERVAL BETWEEN ISOTHERMS ON NODE LOCATION VS TIME
PLOT, ECUAL TO S.O*TVARY*FTEMP2*2.C**N, WITH N SUCH
THAT FROM 10 T 40 ISOTHERMS ARE PLOTTED.

SMALLEST TEMPERATURE TO BE PLOTTED FOR A CRT NODE.
MAXIMUM ALLOWABLE TEMPERATURE. REPLACED wITH 1.0 12

IF NOT LARGER THAN TMIN. HMELT(N) WILL BE SET TO
ZERC FOR MATERIALS WITH TMELT(N) ABOVE TMAX.

MAXIMUM VALUE OF TPLUT(N) OURING PROBLEM.
MAXIMUM TEMPERATJRE IN SYSTEM AT SUMTIM.
LARGEST TEMPERATJRE o BE USED FOR A CRT PLOr SCAL-.
TEMPERATURE AT HICH MAT(N) HAS LATENT HEAT iMELT(N).
MINIMUM ALLOWABLE TEMPERATURE. REPLACED WITH -I.OE12

IF NOT LESS THAN TMAX. HMELT(NI WILL BE SET TO
ZERC FOR MATERIALS WITH TMELT(N) BELOW TMIN.

MINIMUM VALUE OF TPLOT(N) DURING PROBLEM.
MINIMUM TEMPERATURE IN SYSTEM AT SUMTIM.
SMALLEST TEMPERATURE TO BE USED FOR A CRT PLOT SALE.
AVERAGE TEMPERATURE OF A MATERIAL (CONSTANT CAPINI).
INITIAL TEMPERATURE ASSIGNED TO ALL N0ES IN ANY BLOCK 4

RFAC IN AFTER BLOCK 1, AND SUBSTITLTED FOR UNSPECIFIED
TTINI IN ANY BLOCK 9 READ IN AFTER BLOCK 1.

CRT PLOT TEMP FTEMPI + FMP2*T(N). SEE PLOT(N).
MAXIMUM OF ALL PLOT VALUES IN PROBLEM.



TPMI N
TAAN N)
TRANS (N)
TTN)
TVARCIJN)
TVARE(JN)
TVARFLEJh)
rVAG (I ,NI
TVARGIJN)
VA.H(J,Nl

TVARKIJ9N)
TVAPPtNI
TVAR4~t( JN)
rVA;Y
TVARY
TVA gY
TV -A~Y
[VA Y
TVARY
TVARLI JN)
TX
I X
TI
r2
VSL (N)
VOL (N)
VOLPS
VCLS

hS

XCxc
XC
XO
XD
XH
XH
XK
XK
XMA F
Ar
Er
X P
XTP
YMAP

LIP (N)
LI P (N)
ZIY I(N)
ZIP N)
Zr (C^

MINIMUM OF ALL TPLOT VALUES IN PROBLEM.
THERMAL CCNDJCTANCE ETWEEN 1001(N) ND NOD2(N).
THERMAL CCNOJCTANCE BETWEEN NODSIN) ND NODSBtN).
INITIAL TEMPERATJRE IN NOTEINI. BLANK TONE.
TEMP CR TIME AT WHICH MATIN) HAS CAPTIJ,N).
TEMP CR TIME AT WHICH KEMIN) HAS ET(J,N).
TEMP CR TIME AT HICH FLOWNIN) IS FLOWTIJ,N1.
HALF-LIFE OF HEAT GEN IN NGIN,1 WHEN LTABG(NI IS 0.
TEMP CR TIME AT WHICH NODGINI HAS GT(J,N).
TEMP CR TIME AT WHICH NOOStNI HAS HSLRTIJN).
TEMP CR TIME AT WHICH MAT IN) HAS CONT(J,NI.
TABLE TEMPERATURE, USED IN PRIME.
TEMP CR TIME AT WHICH KEM N) HAS QT(J,NI.
TEMPERATURE ACCURACY CONTROL. TIME STEPS ADJUSTED TO

KEEP MAXIMJM TEMPERATURE CHANGE NEAR TARY, AND NO
MORE THAN 2*TVARY. CONTROLS ITERATION CONVERGENCE
(SEE EMAX, ESUM, HSUM, ERRS). CRITERIA FOR STEADY
STATE INCLJDE TWO CONSECUTIVE TIME STEPS WITH TEMP
LESS THAN O.OO*TVARY.

TEMP OR TIME AT WHICH KEM (N) HAS ZT(J,NI.
HEAT CONTENT OF SYSTEM, BASED ON CONSTANT CAPINI, OR

TIME INTERVAL SUMTIM-TAU, OR TEMPORARY VALUE OF TT(N).
EST. AVG. ABSOLUTE TEMPERATURE OF A SURFACE NODE.
EST. AVG. ABSOLUTE TEMPERATURE OF A BOUNDARY NODE.
VCLUME OF NODEIN), BASED ON INPUT IN BLOCKS 1 AND 4,

EQUALS (GEOM*DWIDE*DLONG*DRAD**KSYM *SCALE**3.
TCTAL VOLUME OF A MATERIAL.
TCTAL VOLUME OF ALL NODES IN SYSTEM.
SENSIBLE AND LATENT HEAT CONTENT OF NODEINI ABOVE 0.
TOrAL HEAT CONTENT OF A MATERIAL.
SENS. HEAT CONTENT OF MATtN) AT TVARC(J,N), ABOVE 0.
CCNVERSION FACTOR FOR HEAT CAPACITY (SEE MUNCH).

NEW CAPT = XC*(OLD CAPT).
CCNVERSICN FACTOR FOR DENSITY ISEE MUNCH).

NEW DENS - XD*(OLD DENS).
CCNVERSICN FAGTOR FOR LATENT HEAT (SEE MUNCH).

XH * XC*XT, NEW HMELT XH*(OLD HMELT).
CCNVERSICN FACTOR FOR CONDUCTIVITY ISEE MUNCH).

NEW CONT = XK*IOLD CONT)
X COORDINATE OF NODE NUMBER ON TEMP VS TIME PLOT.
CCNVERSION FACTOR FOR TEMPERATURE (SEE MUNCH).

NEW TEMP XT*(OLD TEMPI XTP.
CCNVERSICN FACTOR FOR TEMPERATURE SCALE ISEE MUNCH).

NEW TEMP XT*(OLD TEMPI XTP.
Y COORDINATE OF NODE NUMBER UN TEMP VS TIME PLOT.
NATURAL LOG OF COLL. FREQ. F REACTANT A IN NDE(N).
NATURAL LCG OF COLL. FREQ. OF REACTANT B IN NOUEINI.
OVERALL CNDJCTANCE FOR NOOE(NI, EQUAL TO SUM OF

CONCUCTANCES OF ALL INTERNAL AND EXTERNAL THERMAL
CONNECTIONS TO NODE(N), AND CONDUCTANCES OF ALL
MASS FLOW CONNECTIONS LEADING INTO NODEINI.

NATL LOG COLLISION FREQUENCY OF KEMIN) AT TVARZ(JN).
**

4. TRUMP COMPCN BLOCKS.

/ ACHEM
/ ACHEMS

ACHEMS
/ AFLCW

AFLCWS
AFLCWS

/ AGEN
/ AGENS

AGE NS
/ APLCr

APL cT
/ APR IM

APRIl'
/ AREY0
/ ARE PS

AREPS

CCMMCN BLOCK OF ARRAYS USED ONLY IN CHEM (M3 NOT 0).
CCMMON BLOCK OF ARRAYS USED IN CHEM, THERM, FLOW,

AND TALLY, REQJIRED ONLY IF CHEM USED (M3 NOT 0).
CCMMON BLOCK OF ARRAYS USED ONLY IN FLOW (MIC NOT 0).
CCMMON BLOCK OF ARRAYS USED IN FLOW AND SPECK,

RECUIRED ONLY IF FLOW IS USED (MIO NOT 01.
CCMMCN BLOCK OF ARRAYS USED ONLY IN GEN tM8 NOT 0).
CCMMCN BLOCK OF ARRAYS USED IN THERM, GEN, AND TALLY

(MS NOT 0.
CCMMON BLOCK OF ARRAYS USED ONLY IN PLOT (MI AND Ml

NOT ZERG, KPLUTL, KPLOTR, KPLOTT NOT ALL ZERO).
CCMMON BLOCK OF ARRAYS USED ONLY IN PRIME KPRIME

NOT ZERO).
CCMMON BLOCK OF ARRAYS USED ONLY IN THERM (M12 NOT 0).
CCMMON BLOCK OF ARRAYS USED IN THERM, GEN, CHEM, FLOh,

ANO SURE M1Z NOT 0).
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AS C RE
ASLRE

/ A.L;ES
ASLAES

/ @,cdCct

(BLANKI
(dLANK)
(8LANK)

CCMMLN LGCK OF ARRAYS USED ONLY IN SURE M6, M7 NOI
BOTH ZERO).

CCMMON LCCK OF ARRAYS USED IN SURE AND SPECK,
REI;UIREC OLY IF SURE IS USED M6, M NOT ZERO).

CCMMON BLOCK OF SYMBOLS RECEIVE) FROM TTY IN KITTY
(MACHINE NOT ZERO, K66ST OR K66DS NOT ZERO).

CCMMGK BLCCK CONTAINING ARRAYS AND UNSLBSCRIPTED
VARIABLES JSED IN UNE OR MORE NON-OPTIONAL TRUMP
SUbROUTINES.

**

5. RUFP SUBRCUTINES AND CLICHES.

CHEF'
CHEF'
FINK
FIhN
FINK
FLCWA
FLCh
FLL%
GE/
GE h
GE N
tEtART
HEART
HEART
HEART
HEART
KITTY
KITTY
KI TTY
PATCH
PATCH
PA TCH
PL01
PLC I
PL01
PLC I
PLET
PAPE/
FRI E
PRI E
PRIFE

PE
PRI FE
REFER
REFER
REFER
REFER
REFER
SEEKI
SEEPI
SEEKI
SEE 2
SEEK2
SPECK
SPECK
SPECK
SPECK
STORE
S TORE
STORE
STORK
STORK
STCPt
STCOM
SURE
SURE
SURE
SURE
SURE
TALLY

SUBROUTINE OF TRUMP FOR CHEMICAL REACTION. USES DATA
FROM BLCCK 3 (OPTIONAL, SKIPPED IF M3 ZERO).

SUBROUTINE OF TRJMP FOR HEAT FLOW BETWEEN NODES BY
CONCUCTION, CONVECTION, AND RADIATION. USES DATA
FROM BLOCK 5. TREATS ALL NODES AS REGULAR NODES.

SUBROUTINE OF TRUMP FOR MASS FLOW BETWEEN NODES.
USES ATA FROM BLOCK 10. TREATS ALL NODES AS
REGULAR NODES (OPTIONAL, SKIPPED IF MID ZERO).

SUBROUTINE OF TRJMP FOR INTERNAL HEAT GENERATION.
USES DATA FROM BLOCKS I, B AND 9 (OPTIONAL,
SKIPPED IF M IS ZERO).

SUBROUTINE OF TRUMP FOR READING IN TRUMP CONTROL CARDS,
PRCOLEF NAME CARDS, BLOCK NUMBER CARDS, DATA END CARDS,
AND MAKING SUBROUTINE CALLS FOR DATA INPUT AND TIME STEP
CALCULATIONS. CONTROLS PROBLEM INTERRUPTION AND RESTART,
MONITORS CLOCK.

SUBROUTINE OF TRUMP/6600 FOR CONTROLLEE ENTRY POINT,
SAVING CONTROLLEE FILE, GETTING DATA FILE NAME.
USED CNLY AT LRL IN OCTOPUS CONTROLLEE VERSION.

SUBROUTINE OF TRUMP TO CONVERT A NUMBER FROM BCD TO
FLOATING POINT IF IT CONTAINS A DECIMAL POINT, OR
SUBSTITUTING A SPECIFIED FLOATING POINT NUMBER.

SUBROUTINE OF TRUMP FOR MAKING CRT PLOTS AND TABLES
OF TEMP VS NODE LOCATION, TEMP VS TIME. AND NODE
LOCATION VS TIME. CONTROLLED BY BLOCK 11 INPUT
(OPTIONAL, SKIPPED IF Ml OR NIl IS ZERO, PARTS ARE
SKIPPED IF KPLOTR, KPLOTLP OR KPLOTT IS ZERO).

SUBROUTINE OF TRUMP FOR READING IN LIST OF SELECTED
MATERIALS AND COPYING THEIR PROPERTIES FROM THE
MASTER MATERIALS DATA LIST TO A SECONDARY DATA LIST
AND INTC MEMORY. ALSO USED FOR COPYING UNUSED DATA
DECKS FROM THE INPUT UNIT ONTO ANOTHER UNIT TO BE
SAVED (OPTIONAL, SKIPPED IF KPRIME IS ZERO).

SUBROUTINE OF TRUMP TO FIND ARRAY SUBSCRIPTS OF
MATERIALS, REACTANTS, NODES, OR BOLNOARY NODES
REFERREC TO BY IDENTIFICATION NUMBER IN ANOTHER
DATA BLCCK, AND TO WRITE OUT DIAGNOSTIC STATEMENTS
WHENEVER ONE CANNOT BE FOUND.

SUBROUTINE OF TRUMP FOR FINDING AN IDENTIFICATION
NUMBER OF A MATERIAL, REACTANT, NOCE, OR BOUNDARY
NODE IN A BLOCK ITEM LIST.

SUBROUTINE OF TRJMP FOR FINDING THE IDENTIFICATION
NUMeERS OF A PAIR OF NODES IN A BLOCK ITEM LIST.

SUBROUTINE OF TRJMP FOR HEAT FLOW BETWEEN SPECIAL
NODES AND OTHER NODES OR BOUNDARY NODES. ITERATES
TO SOLVE SET OF IMPLICIT DIFFERENCE EQUATIONS WHEN
SPECIAL NODES ARE CONNECTED TO EACH OTHER.

CLICHE CCNTAINING LAST PART OF BLANK COMMON, USED IN
rEART, rHERM, GEN, CHEM, FINK, FLOW, SURE, SPECK,
TALLY, AND PLOT. DEFINED IN MAIN.

CLICHE CNTAINING PARAMETER AND DATA STATEMENTS, AND
BANK STATEMENTS 3600 ONLY). DEFINED IN MAIN.

CLICHE CCNTAINING FIRST PART OF BLANK COMMON, SED IN
ALL SUBROUTINES BUT PATCH. DEFINED IN MAIN.

SUBROUTINE OF TRUMP FOR HEAT FLOW BETWEEN SURFACE
NODES, BOUNDARY NODES BY RADIATION, FREE AND FORCED
CONVECTION. USES DATA FROM BLOCKS 6 AND 7. TREATS
ALL SURFACE NODES AS REGULAR NODES. SEE SPECK.
(OPTICNAL, SKIPPED IF M6 UR M7 1S ZERO.)

SUBROUTINE OF TRUMP FOR INITIALIZATION, TOTALING AND
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T6LLY CHECKING RESULTS, FINDING NEW ELTMX AND DELT,
TALLY CONVERTING REGJLAR TO SPECIAL NODES, TESTING FOR
[ALLY ENDING THE PROBLEM. USES DATA FROM BLOCKS 1 AND 9.
TALLY1 ENTRY POINT IN TALLY FOR PUNCHING BLOCK CARDS.
rHcRM SUBROUTINE OF TRUMP FOR MATERIAL PROPERTIES AND NODE
THEFM DESCRIPTIONS. USES DATA FROM BLOCKS 2 AND 4.
THERMI ENTRY POINT IN THERM FOR EST. LATENT HEAT EFFECTS.
THEFM2 ENTRY PINT IN THERM FOR FINAL LATENT HEAT EFFECTS.
rIMER SUBROUTINE OF TRUMP FOR OBTAINING TIME CHARGED TO THE
TI ER PROeLEM, IN SECONDS, SINCE LAST CALL OF TIMER.
TFIER CALLS TICHEK (6600) OR CLOCKI 1360C).
TRUWP A COMPUTER PROGRAM FOR TRANSIENT AND STEADY STATE
TRUPP TEMPERATURE DISTRIBUTIONS IN MULTICIMENSIONAL
TRMLP SYSTEMS WITH CONDUCTION, CONVECTION, RADIATION,
[RUPP HEAT GENERATION, CHEMICAL REACTION, PHASE CHANGE,
TRUMP ANn MASS FLOW, AND VARIABLE PROPERTIES AND
TRUPP BOUNCARY CONDITIONS.

b. SYSTEM SUBROUTINES AND STATEMENTS.
* *

ABSF(X) FINDS ABSOLUTE VALUE OF A FLOATING POINT ARGUMENT X.
ASSIGN ASSIGNS LOGICAL 1/0 CHANNEL TO AN 1/0 HARDWARE TYPE.
6ANK IN) ASSIG.NS STORAGE OF SUBROUTINE OR LABELLED COMMON X TO
BAN% X (N) 3600 MEMORY BANK N.
BSPACEIK BACKSPACES UNIT K ONE RECORD.
BUFFER IN READS CATA IN, USING A BUFFER, ACCORDING TO ARGUMENT LIST.
dUFFER CUT WRITES OUT DATA, USING A BUFFER, ACCORDING TO ARGUMENT LIST.
CARIP'M FINDS MAXIMUM AND MINIMUM ARRAY VALUES LCPLOT1.
CHAR x TYPE SPECIFICATION DEFINING X AS A 6-BIT INTEGER.
CLICHE X DEFINES GROUP OF STATEMENTS FOR LATER INSERTION IN
CLICHE X THE PROGRAM BY MEANS OF A /USE X/ STATEMENT.
CLCCK FINDS MACHINE LETTER, DATE AND HOUR.
CLCCK1 FINDS CLCCK TIME IN SECONDS 36CO ONLY).
CRTID ICENTIFIES 0080 OUTPUT (LCPLOT AND 801.
DATA SPECIFIES VALUES OF VARIABLES, TO BE SET AT LOAD TIME.
uECtUE CCNVERTS ARGJMENT LIST FROM ONE FORMAT TO ANOTHER.
DIFIK)ABC CAUSES COMPILER TO SKIP ALL STATEMENTS THROUGH
DIFIK)A,8,C STATEMENT A, 8, OR C IF K IS -, 0 OR +, RESP.
ENOCLICHE END CF A CLICHE DEFINED IN A PRECEDING STATEMENT.
ENDFILE K WRITES AN END-OF-FILE ON OUTPUT UNIT K.
ENTRY X DEFINES LOCATION WHERE SUBROUTINE WILL BE ENTERED
ENTRY X WHEN A /CALL X STATEMENT IS EXECUTED.
E6UIVALENCE ASSIGNS SAME MEMORY LOCATION TO TWO VARIABLES.
ERRCRS SETS FLOATING POINT UNOERFLUWS TO ZERO.
EXIT ENDS JOB, TRANSFERS CONTROL TO MONITOR.
LXVF(AX FINDS EXPONENTIAL FUNCTION OF ARGUMENT X.
FRAME RESTORES FRAME ON 0080 PLOT FILM (0080).
FSPACE(K) FCRWARD SPACES UNIT K TO NEXT RECORD.
IFIECF,- TESTS TO SEE IF AN END-OF-FILE HAS BEEN READ.
IFIICCHECK,- TESTS TO SEE IF A TAPE CHECK ERROR HAS OCCURRED.
IFILNIT,- TESTS TO SEE IF BUFFER OPERATION IS COMPLETE.
IF(XJAtC CAUSES EXECUTION TO JUMP TO STATEMENT A, B OR C, IF
IFIX)A,aC X IS -, 0, OR . x MAY BE AN EXPRESSION.
INTEGER X TYPE SPECIFICATION DEFINING ARGUMENT X AS AN INTEGER.
INFF(X) FINDS INTEGER EQUAL TO OR LESS THAN X.
LOGM10 MAXIMUM AND POSITIVE MINIMUM ARRAY VALUES LCPLOT).
MAPX SETS COSO PLOT SCALE POSITIONS AND RANGES (08C.
MAXIFIXtY1 FINDS MAXIMUM VALUE OF FLOATING POINT ARGUMENTS X, Y.
MINIFIX,Y) FINDS MINIMUM VALUE OF FLOATING POINT ARGUMENTS X, Y.
MODF(xYI FINDS MODULUS OF FLOATING PUINT ARGUMENT X WITH
MCOF(XY) RESPECT TO FLOATING POINT ARGUMENT Y.
UFF MGN DUMPS MEMCRY AND POINTERS ONTO TAPE FOR RESTART.
0NM(N RESTORES MEMORY AND POINTERS FROM OFFMON TAPE.
ONMCNS SAME AS ChMON, BUT UNLOAUS TAPE BEFORE EXECUTING.
UuHOCP CCPIES CCNTROLLEE FILE, EXECUTES COPY.
UOL206 BUFFERS OUT ARGUMENT LIST ONTO TAPE MW.
PARaMETER SPECIFIES CONSTANT VALUES TO BE SUBSTITUTED FOR
PARAMETER ARGUMENTS WRING COMPILATION OF PROGRAM.
PLCTE CCMPLETES 0080 OUTPUT FILE, GIVES TO SYSTEM (0080).
PCINTC PLOTS CHARACTERS AT DATA POINTS IOD0C).
eR(Nt L, PRINTS ARGUMENT LIST ON ON-LINE PRINTER, USING FORMAT L.
PUNCH L, WRITES ARGUMENT LIST ON AN OUTPUT TAPE, TO BE PUNCHED
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PUNCH L, OFFLINE, ACCORDING TO FORMAT L ILIMIT 72 CHARATERS).
ACcNt`4 MAKES CNTOUR PLOT uO80).
/ -A (.KL) READS ARGUMENT LIST FROM UNIT K ACCORDING TO FORMAT L.
<EAINO K REWINCS UIT K TO LOAD POINT.
StT .H SErS CRT PLOT POSITION FOR CD OUTPUT (080).
St;Hll DOETERMINES DD80 CHARACTER StT (CO)I.
b-fL0i SETS SCALED CRT PLOT POSITION FOR BCC OLTPUT (DD80).
SETPCri DETERPMINES SIZE, ORIENTATION, TYPE SET OF CHARACTERS
S-TPCri PLOTTED BY POINTC.
SINFIx) FINDS SINE FJNCTION OF ARGUMENT X.
I IFEK RETURNS MACHINE TIME CHARGE AND PERCENTAGES OF THAT
ICHEK TIME USED BY CPU, I/O, AND SYSTEM SINCE LAST CALL.

TIChEK TIME IN MICROSECONDS, PERCENTS IN BCD. 1660C ONLY)
TRACEP TRACES CURVE BETWEEN DATA PUINTS (DDeO).
UNLEAC K REWINCS AND JNLOADS UNIT K.
USE X INSERTS CLICHE X INTO PROGRAM AND COMPILES.
wRITE(KL) WRITES ARGUMENT LIST ON UNIT K ACCORDING TO FORMAT L.
wRTECFIKI WRITES ENC-OF-FILE MARK ON UNIT K.
XABSF(KI FINDS ABSOLUTE VALUE OF AN INTEGER ARGUMENT K.
XMAX0FIKL) FINDS MAXIMUM VALUE OF TWO INTEGER ARGUMENTS K AND L.
XPINOFIK,L) FINDS MINIMUM VALUE OF TWO INTEGER ARGUMENTS K AND L.
XMOOF(K,L) FINDS MOCULUS OF INTEGER K WITH RESPECT TO INTEGER L.
X.IT.Y RESULT HAS POS BITS WHERE BOTH X, Y HAVE POS BITS.
X. SH L.Y RESULT IS X SHIFTED LEFT Y BITS.
X.ShR.Y RESULT IS X SHIFTED RIGHT Y BITS.
X.UN.Y RESULT HAS POS BITS WHERE EITHER X OR Y HAS POS BIT.
.LOC.X MEMORY ACCRESS OF VARIABLE X.

7. CHANGES IN TRUMP SINCE MAY 1, 1968.
(CHANGES PRECEDED Y * ARE REQUIRED IN ALL VERSIONS.)

* 5/8/68
* 5/8/6d
* 5/14/o8

5/14/68
* 'i/20/b8
* /28/68

5/2E/a8
5/2e/68
7/1 1/6d
7/12/68
9/30/68
9/3C/68
9/3C/ba
9/30/68
11/1/68
11/1/68
11/1/68
[1/1/68
11/1/68
[1/ 1/68
IL/d/68

* 11/11/68
11/15/68
11/15/68
12/4/68
12/4/68
12/4/68
1/8/69
1/8 /69
I / 8169
1/8/69
1/8/69
1/8/69

1/8/69

i /81 /6 )1/8/69
[/8/69
1/9/69

1 /9/61

CHANGED WIN) TABLE INTERPOLATION FROM LINEAR TO QUADRATIC.
REPLACED SLCWlM9,M2) WITH SLOWIM9), MADE RELATED CORRNS.
CHANGED TALLY TO RESTORE SMALL TO SMALT IF POSSIBLE

AFTER SMALL REDUCED BELOW SMALT FOR STABILITY.
REPLACED SLCW(M9) WITH F3(M9), CORRECTED NSTORE IN TALLY.
CORRECTED ENTHALPY REFERENCE CORRECTION IN THERM.
ADDED PATCH TEST OF HMELT INPUT BEFORE ASSIGNING VALUE.
MOVED ZEROING OF KA, KB WHEN HMELT NOT ZERO TO INPUT.
PUT LABELLEC COMMON ATHERM AND ATALLY INTO BLANK COMMON.
ADDED HELTX(M2), TMAX, AND TMIN TO COMMON.
MOVED HMELTX(M2) TO COMMON LIST USED ONLY IN THERM.
MODIFIED ThERM TO DELETE PHASE CHANGE CALCULATION AND

TABLE PRINTOJTS OF CNCENTRArIONS FOR NODES OF
MATERIALS WITH TmELT NOT BETWEEN TMIN AND TMAX.

AODEC *MAST CONTROL CARD OPTION IN BLOCK 2 INPUT IN
THERM, ANC NEW SUBROUTINE PRIME. THESE ALLOW DATA
FCR SELECTED MATERIALS TO BE TRANSFERRED FROM MASTER
MATERIAL ATA TAPE TO SECONDARY TAPE, WITH OPTIONAL
UNIT CONVERSION, AND USE OF THE SECONDARY TAPE FOR
INPUT OF BLOCK 2 ITEMS.

CHANGED HEART TO PREVENT CALL PLOT WHEN KIT -1.
CHANGED MAXIMUM NUMBER OF ITERATIONS FROM 200 TO 80.
CHANGED THERM TO ALLOW ZERO TEMP INTERVAL IN C AND K

TABLES, AND MAKE KIT = 12 FOR NEGATIVE INTERVALS.
CHANGED THERM, CHEM, FLOW TO ALLOW MATERIALS TO HAVE

A CHEMICAL REACTANT SPECIFIED WITH K8 WHEN HMELT IS
NCNZERO. IN LATTER CASE, KA IS SET TO ZERO.

REMOVED STACKS SJBROUTI.'4E, CHANGED HEART AND PRIME SD
THAT PRIME WOULD DO JOB PREVIOUSLY DONE BY STACKS.

CHANGED ALL STATEMENTS OF TYPE READ INPUT TAPE AND
WRITE OUTPUT TAPE INTO READ(MN) AND WRITE(M,N) FORMS.

PUT LABELLED COMMON BLOCKS AGEN, ACHEM, ACHEMS, AFINK,
AFLOW, AFLOWS, ASURE, ASURES, ASPECK, AND APLOT
INTO SUBRCUTINES WHICH USE THEM. ACED LABELLED
CCMMCN APRIM TO SUBROUTINE PRIME.

REPLACED CLCCKI CALLS WITH TICHEK CALLS IN 6600 VERSIONS.
REMOVED SENSE SWITCH 3 EST OPTION IN HEART/6600.
ADDEC IRITE, ITAPE SPECIAL OUTPUT OPTION TO TALLY/STD.
ADDEC DIF STATEMENTS TO ALLOW CHOICE OF SELECTION OF

OPTIONAL FEATURES IN TRUMP TO BE MADE AUTOMATICALLY
DURING COMPILATION ACCORDING TO THE VALUES OF THE
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1/9 /69
1 /1 C/69

I /1 C/69
1/I009
1/1C/69

I /1 C/69
11 10/69

L/IC/69
1/14/69
1/14/69
1/24/69
1/24/69
1/24/69
/30/69

L /3C/69
I /iO/69
1 / 3 /69
2/10/69
2 C/69
2/l C/69
ZU 14/69
/14/69

* /14/69
2/14/69
2/14/69

z 2/15/69
2/15/69
2/1 7/69
2/17/69
2/1 7/69
2/17/69
2/ 169
2 /20/69

* 2/22/69
2/22/69
2/25/69
2/2)/69
2/2 5/69
2 /25/69
3/3/69
3/3/69
3/6 69
3/6/69
3/6/69
3/1 1/69
3/11/69
3/11/69
3/1 1/69
3/1 1/69
3/1 1/69
3/12/69
3/12)/b9
3/13/69
3/1E/b9
3/2 2/69
3/22/b9
3/22/69

* 4/3/69
* 4/4/69

4/4/69
4/4 /69
4/4/6 
4/4 /6 
4/4 /69
4/4 /69
4/4 /69

* 4/1E/b9
4/18/69
4/1 E/69
4/18/69
4/1 e/69

INTE5ERS IN THE PARAMETER STATEMENT IN CLICHE STORAGE.
ADOEC DUMMY ARGJMENT FIN TO ALL WRITE STATEMENTS WITH

NC ARGUMENT LIST, TO AVOID NCOMPATIdlLITY BETWEEN
LRLTRAN AND CHAT ON USE OF /FIN/ STATEMENT. FIN IS
MADE A BLANK WORD IN /ATA/ STATEMENT BELOW, AND
SPECIFICATION /AL/ ADDED TO CORRESPONDING FORMATS.

CHANGED NSTORE CALCJLATION TO ShOW TOTALS DEPENDING ON
EACH PARAMETER WHICH MAY BE MADE ZERO.

ADDED PARAMETER KPRIME Fo STORAGE, TO ALLOW OPTION OF
CCMPILING CONTENTS OF SUBROUTINE PRIME OR NOT.

ADDEC ARRAY CRD(M3) TO COMMON ACHEM IN CHEM, INPLT
IN BLCCK 3 To SPECIFY REACTION ORDER P IN
RATE EQUATION A/DT - A**P *EXP(Z - E/RT).

ADDED SueROUTINE TIMER FOR USE IN HEART AND TALLY TO GET
MACHINE TIME CHARGED TO EACH PROBLEM.

REPLACED CLICHE STORAGE WITH CLICHES STORK, STORM, AND STORE.
PUT ALL PARAMETER STATEMENTS INTO CLICHE STORK.
ADDED NEW CCNTINUATION PROBLEM OPTION. 4 IN COLUMN 72

CF PRCBLEM NAME CARD LIKE OPTION 3, EXCEPT TAU IS SET
TC SUMTIM OF PRECEDING PROBLEM.

ADDED INPUT OPTION TIMEP IN BLOCK 1, TO GET PRINTOUTS AT
SPECIFIED PROBLEM TIME INTERVALS.

ADDEC NEW CCNVERGENCE CRITERION FOR ITERATION SCHEME SO
ERROR IN TEMPERATURE CHANGE OF ANY FINITE-VOLUME NODE
CANNOT BE MORE THAN 10 TIMES AVERAGE ERROR.

ADDED N CCNTROL TO REDUCE DELT WHENEVER MORE THAN 40
ITERATICNS ARE REQUIRED FOR CONVERGENCE IN SPECK.

ADDEC NEW VARIABLES DTEMP, OELTG, RATG, RATS, MSS,
CHANGED METHOD OF CALCULATION OF RAT1i RAT2, DELTSS,
DELTSX, FOR, AND STEADY STATE CRITERIA, TO FURTHER
CPTIMIZE CONTROL OF THE TIME STEP AND ACCURACY OF THE
INITIAL GUESS FOR THE ITERATION SCHEME.

ADDED TEMP, DTMAX, MSS, NUTS, NUTSUM, NUTX TO PRINTOUTS.
ADDED SAFEGUARDS TO CHEM REACTION CALCULATION TO PREVENT

DIVISION BY ZERO, NEGATIVE CONCENTRATIONS.
CHANGED PLOT TO MAKE ANY CONVERSION OF LOG SCALES TO

LINEAR ONLY TEMPORARY, AND TO ALWAYS INCLUDE ANY
NEGATIVE TEMPERATURES IN PLOT OF MAXIMUM AND MINIMUM
NCDE TEMPERATURES VS NODE LOCATION.

CHANGED TALLY, PLOT TO GET CRT PLOTS AT TIME INTERVALS
TIMEP, IN ADDITION TO THOSE EVERY JPIC TIME STEPS.

REMADE ONMCN RESTART TAPES CE403 AND CE404 FOR TRLMP/36009
CE408 AND CE409 FOR TRUMP/6600/STO, AND CE411 AND CE412
FCR TRUMP/6600/DS.

ADDEC VARIABLES NOSRv NOSRTt KR, LASR TO PLOT, CHANGED
TC PRCCUCE BOTH LOG AND LINEAR NODE LOCATION SCALES
WHEN LOGA IS NEGATIVE, ELIMINATE ALL DUPLICATE PLOTS
WHEN LOG SCALES ARE REJECTED.

CHANGED SEQUENCE OF DELT ADJUSTMENTS IN TALLY TO IMPROVF
EFFICIENCYt LOGIC. REMADE ALL ONMON RESTART TAPES.

CHANGED PLOT, HEART TO ALLOW JPIC = 0 STILL GET PLOTS ON
CYCLES 0, 1 AND LAST, AND WHEN DETERMINED BY TIMEP.

ADDED OPTION OF ADDING 1000 TO LOGR, TO MAKE INFRA 1 TO
MULTIPLY NODE LOCATION SCALE BY 0.5*SUMTIM**1-0.5).

CHANGED PLOT TO ELIMINATE DUPLICATE TABLES.
REMACE 1600 RESTART TAPES CE403 AND CE4C49 AND 66C0 RESTART

TAPES CE408 AND CE409.
CHANGED FLOW TO ALLOW SPECIFICATION OF NEGATIVE FLOW RATES.
CHANGED FLOW TO CORRECT ERROR PROPORTIONAL TO FRACTIONAL CHANGE

IN HEAT CAPACITY OF FLOWING MATERIAL, WHEN CAPT TABULATED.
CHANGED ETHOD OF CALCULATION OF FLINT AND FLOUT IN FLOW TO

ELIMINATE ACCUMULATION OF NUMERICAL TRUNCATION ERRORS.
CHANGED METHCD OF CALCULATION OF ZIP IN THERM, FINK, FLOW, AND

SURE TO ELIMINATE ACCUMULATION OF NUMERICAL TRUNCATION
ERRORS AFFECTING FOURTH OR FIFTH SIGNIFICANT FIGURE.

REMACE ALL CMON RESTART TAPES.
CORRECTEC ERROR IN REFER CAUSING INCORRECT REFERENCES IN A

CCNTINUATION PROBLEM WITH A NEW BLOCK 2 3, 4 OR 7 WITH
A DIFFERENT NUMERICAL SEQUEACE OF IDENTIFICATION NUMBERS,
AND USING OLD BLOCK 1 4 5 6 8, 9, ICE 11, OR 12.

REMOVED ARRAYS DEPENDENT ON M FROM BLANK COMMON, PUT INTO
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4/1'6/b GEN, THERM, ANO TALLY AS LABELLEC COMMON AGENS.
4/le/b9 REMCVED ARRAYS DEPENDENT ON M12 FROM BLANK COMMON, PUT INTO
4/1d/u4 THERM AS LABELLED COMMON ARLM, INTO HERM, CHEW, GEN,
4/1I/6'4 FLOW, AND SURE AS LABELLED COMMON AREMS.
4/1/E9 REMCVEO COMMON AFINK FROM FINK, PUT INTO BLANK COMMON.
4/LE/69 REMCVED COMMCN ASPECK FOM SPECK, PUT INTO BLANK COMMON.
5/2/69 CHANGED TIM, P CALCULArION I TALLY TO SPEED P.
5/C/9 CHANGED ALL TABLE SLOPE CALCULATIONS TI ALLOW T CONSECUTIVE
5/2C/69 TABLE TEMPERATURES OR TIMES To BE THF SAME, BUT MAKE
5/2C/69 KWIT = 12 IF IN DESCENDING ORDER.

*3/6/70 ADDED 1.OE-12 to HMX FOR ZV NODE IN THERM2,
3/6/70 TO PREVENT DIVISION BY ZERO, RESULTING IN A
3/6/70 DUMP.
7/22/70 CHANGED HEART TO END PROBLEM SOONER IF
7/22/70 KWIT = 11 OR 12.

*2/4/71 CORRECTED BRANCHES IN TALLY TO ALLOW
2/4/71 OUTPUT ON TAPE ITAPE EVERY IRITE TIME STEPS.
2/4/71 ADDED HEADER RECORD CONTAINING PROBLEM
2/4/71 NAME TO OUTPUT ON TAPE ITAPE.

*2/4/71 CHANGED FORMAT OF OUTPUT OF NEWBL ARRAY
2/4/71 IN TALLY, TO PREVENT OVERFLOW.

*4/14/71 ADDED TEST IN TALLY TO SEE IF BLOCK 7 IS
4/14/71 MISSING WHEN BLOCK 6 IS USED. CHANGED
4/14/71 FORMAT IN HEART TO LIST THE ERROR UNDER
4/14/71 KWIT = 9.
7/1/71 CHANGED THERM, FINK, AND SURE TO CORRECT
7/1/71 THE CALCULATION OF VOL(N), AREA(N), AND
7/1/71 AREAS(N), RESP., WHEN KD IS 3 AND SCALE IS
7/1/71 NOT 1.0.

*7/1/71 CHANGED TALLY TO CORRECT THE TESTS FOR
7/1/71 PRODUCING OUTPUT BASED ON TIMEP, WHICH
7/1/71 FAILED IF SUMTIM WAS NEGATIVE. DELETED
7/1/71 THE ASSIGN8 OPTION TO PRODUCE TWO DISK
7/1/71 FILES IN TWO CABINETS.
7/1/71 ADDED AN OPTION FOR THE USER TO KEEP THE
7/1/71 DDBO OUTPUT FILES AT THE END OF THE RUN,
7/1/71 BY PUTTING A CARD WITH ASSIGN8 IN
7/1/71 COLUMNS 1-8 IN FRONT OF THE FIRST PROBLEM
7/1/71 NAME CARD. THE DD80 FILES WILL HAVE
7/1/71 8-CHARACTER NAMES, BEGINNING WITH TRUMPD.
7/1/71 REMADE ONMON RESTART TAPES FOR
7/1/71 TRUMP/6600/STD (CE408 AND CE409), AND FOR
7/1/71 TRUMP/6600/DS (CE411 AND CE412).

*2/10/72 ADDED 1.OE-24 TO DIVISORS CONTAINING BET IN
2/10/72 THERM, TO AVOID DIVISION BY ZERO FOLLOWING
2/10/72 CERTAIN TYPES OF INPUT DATA ERRORS.

*2/10/72 ADDED A TEST IN FINK TO AVOID INCREMENTING
2/10/72 ARRAY FI AFTER TIME STEPS FOR WHICH
2/10/72 KWIT WAS -1.

*2/10/72 CORRECTED ROUTINES SEEK1 AND SEEK2 TO
2/10/72 SET K = 0 WHEN THE NUMBER OR NUMBERS
2/10/72 SEARCHED FOR ARE NOT FOUND, WHEN AN
2/10/72 INPUT DATA BLOCK OF TYPE B IS USED. THESE
2/10/72 ROUTINES PREVIOUSLY ALWAYS SET K = 1
2/10/72 WHICH COULD CAUSE ERRORS UNDER CERTAIN
2/10 /72 IMPROBABLE CIRCUMSTANCES.
4/7/72 ADDED ARRAY DFB, AND CODING IN FINK AND SURE, TO PRINT

HEAT FLOW RATES FOR LAST TIME STEP FOR INTERNAL CONNECTIONS,
EXTERNAL CONNECTIONS.
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H. TRUMIP PROGRAM LISTING

* FORTRAN TRUMP/MASTER/MAIN
C********VERSIOh 5/20/69.
CCC
CCC DEVELCPEO BY ARTHUR L. EDWARDS, LAWRENCE RADIATION LABORATORY,
ccc P.O. BOX 808, LIVERMORE, CALIFORNIA, L-437, BLOG TIC2, RM 115,
CCC PHONE 447-1100 EXTENSICN 7886.
CCC
C********PRESENTLY AVAILABLE SUBROUTINES INCLUDE HEART, THERM, FINK,
C******** SPECK, TALLY, PATCH, EFER, SEEKI, ANC SEEK2 (REQUIRED),
C******** KITTY, GEr, CHEM, FLOW, SURE, PLOT, PRIME, AND TIMER (OPT)
CCC
C********LAhGUAGE IS LRLTRAN LRL VERSION OF FORTRAN), AND CHAT.
CCC
C********STATEMENTS OST LIKELY REQUIRING CHANGES FOR OTHER LANGUAGES...
C*** **** PRINT, PUNCH, .INT., UN., IF,
C******** PARAMETER, CLICHE, ECODE, SUBSCRIPTED SUBSCRIPTS,
C******** STATEMENTS OF TYPE AsBC/, IF TESTS WITH ARGLMENT OF TPE
C******** /N-IH*/, CC-LOOP INDICES USED OUTSIDE LOOP, AND FORMATS OF
C******** TYPES E AC PE USED INTERCHANGABLY.
C********STATEMENT LABELS USED IN IF STATEMENTS DELIMIT GROUPS OF
C******** STATEMENTS WHICH ARE TO BE COMPILED OR NOT DEPENDING CN
C** C**** THE VALUE CF THE PARAMETER IN THE INITIAL DIF STATEMENT.
C******** THIS ALLOWS SELECTION OF OPTIONAL PARTS OF THE PROGRAM TC
C******** BE DETERMINEC BY THE PARAMETERS IN CLICHE SORK.
CCC
C********ALL CLICHES USEC IN PROGRAM ARE DEFINED IN MAIN.
CCC
C********STCRK USED IN MAIN, HEART, TERM, GEN, CHEM, FINK, FLOh, SURE,
C******** SPECK, TALLY, PLOT, PRIME, PATCH, KITTY, AND TIMER.

CLICHE STCRK
C********FARAMETERS CONTROLLING SIZE OF VARIABLE ARRAYS AND CPILAlICh
C******** OF CORRESPCNCING PARTS OF THE PROGRAM. . .
C******** Ml CRT FLOT TIMES IBLOCK 11), M2 MATERIALS (BLOCK 2),
C******** M3 = REACTANTS (BLOCK 3, M4 x NODES IBLOCKS 4 AND 9,
C$******* MS - INTERNAL CONNECTIONS (BLOCK 5),
C******** M6 SURFACE CONNECTIONS (BLOCK 6, M7 BOUNDARY NODES
C******** (8LCCK 7, MS - HEAT ENERATING NODES (BLOCKS 8 1 AND 9,
C******** Y9 = TABLE LENGTH BLOCXS 2, 3, 6, 7, 8, AND 101,
C******** MI0 = MASS FLCW CONNECTIONS (BLOCK 10), Mll CRT PLOT
C******** NCOES (BLCCK 11), AND M12 a NODES WITHPROPER71ES DEPENDENT
C**** *** Ch REMCTE TEMPERATURES (BLOCK 12).
C*******TC ELIMINATE BLOCK 3, SET M3 O. RECOMPILE MAIN, HERM, CHEM,
C*** **** FLOW (IF L0 NOT 0, AND TALLY.
C********TC ELIMINATE BLCCKS 6 AND 7, SET M6 O M7 0, AND RECOMPILE
C******** MAIN, SURE, ANC SPECK.
C** *****TC ELIMINATE BLCCK 8 1 ANO CONSTANT G SPECIFIED IN BLOCKS I OR
C******** 9), SET M8 = 0, AND RECOMPILE MAIN, THERM, GEN, AND TALLY.
C********TO ELIMINATE BLCCK 10, SET M10 - O AND RECOMPILE MAIN, FLOW,
C******** AND SPECK.
C********TO ELIMINATE BLCCK 11, SET MI - 0 Mll - O AND RECOMPILE AIN
C******** AND PLCT.
C********TC ELIMINATE BLCCK 12, SET M12 0, AND RECOMPILE AIN, THERM,
C***$**** CHEM (IF 3 NOT 0, GEN (IF M NOT 0, FLOW IF M NT 01
C******** !NO SURE (IF M6 IS NOT 0.
CCC
C********PARAMETERS CONTROLLING COMPILATION OF MACHINE-SPECIFIC
C******** STATEMENTS AND SOME OPTIONAL PARTS OF PROGRAM.....
C******** MACHINE IS 0 FOR 3600, 1 FOR 6600 OR 7600.
C******** KPRIME IS POSITIVE TO COMPILE SUBROUTINE PRIME.
C******** KPLOTR IS POSITIVE TO COMPILE TEMP VS RADIUS OPTION IN
C$***** SUBROUTINE PLOT. (MI AND ll MUST ALSO BE POSITIE.)
C******** KPLOTT IS POSITIVE TO COMPILE TEMP VS TIME CPTION IN
C**$***** SUBROUTINE PLOT. (Ml AND Mll MUST ALSO BE POSITIVE.)
C**$***** KPLOTL IS POSITIVE TO COMPILE RADIUS VS TIME OPTION IN
C******** SUBROUTINE PLOT KPLOTT, Ml, AND Mll MUST ALSO BE PCSITIVE
C********PARAMETERS CETERMINING MACHINE VERSION DESIRED. MAKE ALL ZERO
Cs******* EXCEPT ONE DESIRED.

PARAMETER MV36ST O MV66ST O MY660S a 11
CCC PARAMETER (MV36ST * 0, V665T 1, MVe6OS - 0)
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* Al
* 12
* 13
* 14
* 15

* 16
* 17

* 18
* 19

20
* 21

22
23

* 24
* 25
* 26

27
* 28
* 29
* O
* 31
* 32
* 33
* 34
35

* 36
* 37
* 38
* 39
* 40
* 41
* 42
* 43
* 44

* 45
46
* 47
* 48
49
50
* 51
* 52
* 53
* 54
* 55
56
57

* 58
59
bO

* 61
62
* 63
64
* 65

* 66
* 67

* 68
* 69
* 70
* 71
* 72
* 73
* 74
* 75
* 76
* 77
* 78
* 79



CCC PARAMETER MV36ST = 1, MV66ST 0, MVt6DS a 0 * 80
C***.*****PRAPETER ETEKPINING COMPILATION F KITTY FOR FCR SPECIAL * 81
C******** CCNTROLLE VERSION OF TRUMP (0 TO SKIP, I TO CCMPILE). * e2

PARAPETER IKITTEN -0 * 63
DIF(PV36ST)982,982,981 * 84

981 CONTINUE * 85
C********VERSICK 3600/src * 86

PARAMETERIMI = 200, P2 * 25, 3 4, 144 = 250, M5 6CO. 6 125. * 87
I t7 = 20, 1 50, 9 12, M 8C, Mll 12, M12 250) * 88
PARAPtTEA(MACHINE * OKPRIME = IKPLOtL = 1,KPLOTR 1,KPLOTT = 11 * 89

C-------ASSIGN COC-3600 BANK I STORAGE. * 90
BANK HEARTIh) * 91
BANK THERM(l) * 92
BANK GENhI) * 93
BANK AGEN(l) * 94
BANK FIK(I) * 95
BANK AGENS(1) * 96
BANK FLCW(1) * 97
BAN$ AFLOWII) * 98
BANK AFLOS(1) * 99
BANK SUREI) * 100
BANK ASURfIl) * 101
BANK ASURESI1) * 1C2
BANK SPECKI11 * 103
BANK AREMIl) * 104
BANK TALLY(II * 105
BANK PLCT() * 106
BANK APLCTI) * 107
BANK THERPIhl) * 108
BANK THERP211) * 109
BANK TALL1111) * 110
BANK AREM11) * 111

982 CONTINUE * 112
DIFI1V66ST)984,984,983 * 13

983 CONTINUE * 114
C********VERSIGN 6600/STC * 115

PARAMETER(1M- 200, 2- 40, M3v 5, M4 4eo. 15- 12CC, 6- 125, * 11h
1 M7- 209 MB- 100, M9s 12. M10. 80, Mll- 129 M12 48C) * 117
PARAPETER(MACHINE 1,KPRIME KPLOTL z 1,KPLOTR ,KPLOTT = 1 * 118

984 CONTINUE * 119
OIF 1V660S)986,986,985 * 120

985 CONTINUE * 121
C********VERSICN 6600/DS * 122

PARAPETER (1=200, M2= 50, 3- O M4= 600, 5=1750, 6=150, * 123
1 M7- 20, M4-150, 9z 12, 10= O 111= 16, 12= 6CC) * 124
PARAPETERIMACHINE IKPRIME = 1,KPLOTL = C,KPLOTR CKPLOTT - 1 * 125

986 CONTINUE * 12b
C------ENC CF CLICkE STORK. t 127

ENDCLICHE * 128
USE STORK * 129

CCC * L30
C********STCRE USED IN MAIN, HEART, THERM, GEN, CHEF, FINK, FLOb. SLRE, * 131
C**$***** SPECK, TALLY, PLOT, PRIME, REFER, SEEK1, AND EEK2. * 132

CLICHE STCRE * 133
C********BLANK (UNLAeELLED) COMMON RLOCKS. * 134
CCC INTEGER VARIABLES CONTROLLING /O CHANNELS, OATA INPLT OPr!CNS. v135

COMPCN KLUCGE, NRS, NR, NB, M, , NOATA, IBLOCK, MOD, KIT, * 136
1 ITEMS(151, NEWEL1151, NAME120) * 137

C********FIN IS BLANK WCRD ACDED TO ALL FINAL LINES OF OUIPLT LISTS NCT * j34
C******** HAVING ANY OTHER LIST ELEMENTS, TO AVOID INCOMPATIBILITY * 139
C******** BETWEEN VARIOUS LANGUAGES IN USE AT LRL. * 140

DATA (FIN = OH) * 141
C - ENC CF CLICHE STORE. * 142

ENDCLICHE * 143
USE STORE * 144

CCC * 145
C********STCRP USED IN AIN, HEART, THERM, GEN, CHEM, FINK, FLO%, SLRF, * 146
C******** SFECK, TALLY, AND PLOT. * 147

CLICHE STCRA * 148
C********CCUNTERS FR BLOCK ITEMS, VARIOUS TYPES OF INPUT. * 149
C********THIS CCHNON STATEMENT MUST NOT BE ALTERED IN ANY kAY. * 150

COMOh NCSPECIlIhNMAT,NKEM,NOES,NOCON,NOSCONNOOBS,NVARGhiT, * 151
I NCFLOWNUV*,NTA8SNVARCNVARKNMELTNREACT,NVARQ, * 152
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2 NVARZNVARENORADtNVARHNORADS,NOPOWSNVARTNVARFL
CCC OTHER INTEGER VAR1ABLES USED N TWO OR MORE SUBROUTINES.

COMCh JFICtKCYCKCKCATAKSECStKSYMNOGENNOWiNPRCBNUPNUTS
CCC FLOArING OINT VARIABLES USED IN TWO IR ORE SUBROUIINES.

COMPCN ALCNE, BONE, CAPS, CLOCKA, CLOCXB, DELT, OELIS,
1 OSTAB, OTMAX, FONE, FOR, GEOM, GCNE, HONE, PCNE,
2 RCNE, SCALE, SIGMA, SMALL, SUMTIM, TAU, TASE,
3 TVAX, TMIN, TCNE, TVARY

CCC
C*******REYAINCER CF CLICFE STORM IS NOT NEECED IN SUBROLTINE HEART.
CCC
C*****s**CPTICNAL ARRAYS NCT NEEDED FOR TEMPERATURE CALCULATION ARE...
C****** OF, CFI, CFS, F FB, Fl, FS, Hi FLAPS, FLIN1, FLIPS,
C******** FLOPS, FLCUT, AND IF SUBR FLOW NOT USEO, h AND T, AND IF
C******** SUBROUTINE PRIME NOT USED, MATP AND MATS.
C********ARRAYS CNLY NEtCEC FOR REMOTE TEMPERATURE CEPENDENCE OPTION ARE
C******** NLOOK, NOCPI, OOP2, NOXPI, NOXP2, ANC NPROP.
C********ARRAYS CNLY NEECEC FOR VARIOUS CRT PLOTTING OPTIONS ARE...
C******** NCDEP, NOXEP, PRAD, PTEMP, PTIME, RADIUS, RPLOT, TCONT,
C******** TYAXP, TMINP, AND TPLOT.
C********ARRAYS USED ONLY TO SAVE CALCULATION TIME IN TIME STEPS ARE...
C******** SLOC, SLOE, SLOFL, SLOG, SLOH, SLOK, SLOQ, SLOT, AND SLCZ.
CCC
CCC VARIARLE RRAYS USEC IN TWO OR MORE SUBROUTINES RECUIREDI.

CCMCN HMELT(P21, LTAeK(M22,
I A(M4), CAP(M4), CON(M4), DA(M4), DOA(M4), OCT(M4),
2 OFIM4), DT(M4X, HEFT(M419 NDEtM4),
3 NCOMATIM4)p NTYPE(M4), RAOIUSM41, SLIM(M41, 71:4),
4 VCLCM4), W(M4), ZP(M41,
5 OFIIMS), FIIY5I, NODI(M51, N02(M5), TRAN(M5I,
6 FI(M9), F2(fM9), F31M9), NXI(10), NX210C), NX3410), NX4110)

CS******LSED ChLY IN TFERM.
C********CCULC E REPLACED BY A DIMENSION STATEMENT IN THERY.
CCC FORMERLY LABELLED CCYMON ATHERM IN UCRL-14754 REV I CF MAY 1,1968)

COMCN APAT(M2), CAPT(M9tM2), CONT(M9,02), DENS(M2), HMELTX(02),
I LTABCIYZ), MAT(M21, SLOC(M9,M23, SLOK(M9,M2),
2 TPELT(M2)tTVARCIm9,M2),TVARK(M9,M2),WT(M9,M2),NOXMAT(M4)

C********USED DALY IN TALLY.
C*******sCCULO eE REPLACED BY A DIMENSION STATEMENT IN TALLY.
CCC (FORMERLY LABELLED CCMMCN ATALLY IN UCRL-14754 REV I CF MAY 1,1568)

COMMCN AA(M4), F4), HM41, NOTE(M41,NOXEIM4), NTYPES(M4),TTIM4)
C********USED CNLY IN FINK.
Ct*******CCULC E REPLACEC BY A DIMENSION STATEMENT IN FINK.
CCC (FORMERLY LABELLED CCMCN AFINK IN UCRL-14754 REV I CF MAY 1,1566)

COMICN AREA(MS), CEL1(M5), EL2(MS), HINTIMS),
I NCXIIM5), NOX2(95), RNTIMS)

C********LSfG CNLY IN SPECK. COULD BE REPLACED BY A DIMENSION STATEMENT
CCC (FORMERLY LABELLED CCMMCN ASPECK IN UCRL-14754 REV I CF MAY 1,19681

COMPON ERROR(P4), ERRCRXIM41
C-------END CF CLICHE STORM.

ENDCLICHE
C********CLICHE STCRY USEC HERE ONLY TO CHECK DURING COMPILATION.

USE STORM
C*S******hCRPAL INPUT ANC CUTPUT UNITS.

NRS = 2
MW = 3

CCC IDENTIFY CUTPUT WEN LCADING FROM FORTRAN, BINARY, CR CHAIN TAPE.
COCATE = 8H 5/20/69
WRITE ( MW,5800 COMOATE
PRINT 5800 , CCMDATE
CALL HEART

C********NErURNS HERE ONLY WIEN /*SPLIT/ CARD IS READ IN FROM DATA DECK.
C********EXIT RELEASES FILES, /O CHANNELS, RETURNS CONTROL TO MONITOR.
580C FORMATIIO(1H*),191-COYPILATION DATE IS,2X,A8)

CALL EXIT
END

* 1,3
* 154
* 155
* 156
* 157
* 158
* 1i9
* 160
* 161
* 162
* 163
* 164
* 165
* 166
* 167
* 168
* 169
* 170
* 171
* 172
* 173
* 174
* 175
* 176
* 177
* 178
* 179
* 180
* 181
* 182
* 183
* 184
* 1d5
* 186
* 187
* 188
* 169
* 190
* 191
* 192
* 193
* 194
* 195
* 196
* 197
* 198
* 199
* 200
* 201
* 202
* 203
* 204
* 205
* 206
* 2C7
* 2C8
* 209
* 210
* 211
* 212
* 213
* 214
* 215
* 216
* 217
* 18
* 219
* 220
* 221
* 222
* 223
* 224

* CARCS CCLUMN
* LIST 8
* FORTRAN

SUBFCUTINE KITTY
C********VERSICh 4/18/6S

K ITTY

KITTY/6600 (ENTRY POINT FOR TRUMP CCNTRCLLEE.)
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C***4***LLlq'LEU CNLY FCR CCNTROLLEE VERSIlnN FOR LIVERMORE TIMESHARING
C******** StSTEM, WEN PARAMETER KITTEN IS POSITIVE.
C**4****INITIAL ENTRY PCINT WHEN EXECUTED N 66Co hITH * CCNTROLLEE CAR

USE STCRK
USE STCRK
OIF (KITTEN)982,982,981

981 CONTINUE
OIF(IMACHINE)92,92,91

91 CCN1INUE
CGF'Ch /GCBCCM/-IKTEGER-X(3)
UATA (FIN OH

CCC CCPY TRUPF INTC *TRUP, MAKE +TRUMP NEW CONTROLLEE.
CALL COCRCP(5RTRUMF,6R*TRUMPplER)
IF(IER)4700t 6100,4700

6100 CCNTINUE
CCC GET CATA FILE NAME FROP TELETYPE XEO LINE.

TYPE ACtRESS ZERO
ZERC = 0
NSYFBCL (10046.SHL.I8).UN.(.LOC.NSYN)
NSYP = 2001B.SHL.48).UN.((.LOC.BADI.SHL.30).LN.(lCCB.SHL.1).uN.

I (.LCC.hFILE)
X = NSYPeBL
GO TC ZERC

BAD GC TC 4700
GO 1C ec
IF(hFILE - 3RTTY)2100, 6105,2100

6105 CALL ASStGN(2,3)
CCC LOGICAL I/O CHANNtL 2 IS ASSIGNED TO USERS TTY.
CCC LOGICAL /O CHANNEL 59 IS ASSIGNED TO USERS TTY.

WRITE 59,5800 FIN
GO TO 2105

2100 CALL SSIGN(2,0,NFILEO)
CCC LOGICAL I/O CHANNEL 2 IS ASSIGNED TO CISK FILE NFILE, NFILE OPENED

CALL ASSIGNI14,16)
C ASSIGN /PUNCH/ CUTFUT TO SYSTEM PUNCH FILE.
2105 CALL HEART

GO TC 4705
4700 WRITE I 59,5e05 I FIN
4705 CALL EXIT
580C FOROAT(lOX.17HSTART TYPING DATA,A11
5805 FoRCArI(ox32HRETYPE, FORMAT TRUMP DATA / T V,AI)
92 CCNTINUE
982 CONTINUE

RET LRN
END

* 225
* 226
* 227
' 228
* 229
* 230
* 231
* 232
' 233
* 234
* 235
* 238
* 237
* 238
* 239
* 240
* 241
* 242
* 243
* 244
* 245
4 24b
* 247
* 248
* 249
* 250
J 251
* 252
* 253
* 254
* 255
* 256
* 257
* 258
* 259
* 2bC
* 261
* 262
* 263
* 264
* eb5
* 266
* 26?
* 268
* 269

* 271
* 272
* 273
* 274
* 275
* 276

2 277
* 278
* 279
* 280
* 281
* 282
4 283
* 284
* 285
* 2d6
* 287
* 288
* 289
* 290
* 291
* 292
4 293
* 294
* 295
0 296
4 297

4 CARCS CCLUMN I-EART
4 LIST 8
4 FORTRAN PEART TRUMP LO

SUBPCUTINE HEART
C********VERSICN 5/20/6Y.
C*S******HEART IS A REQUIRED SUBROUTINE.

INTEGER AeLCCK
DIMENSICN ABLCCK(12), NAMES(201
USE STORK
USE STORE
USE STCPM

GIC CONTROL SUBROLTINE.

CCC
NAMESI - OH
KLUDGE = 6600
IFIPACHINE) 6100, 6100,2100

6100 KLUCGE 3600
C********CLCCK CALLS IN HEART ARE OPTIONAL, FOR INFORMATICN ONLY.
2100 CALL CLCCK(HOURDATE)

NCFF = I
C*******ERRORS CAUSES ALL UNDERFLOWS (LARGE NEGATIVE EXPCNENT) TO BE
C********SET TC ZERO. rFIS IS REQUIRED.
2105 CALL ERRORS
C********CC80 CRT SUEROUTINES CRTID, FRAME, SETCHM, SETCH, AND PLGTE
C********USED ONLY AT LRL. REMOVE IF SUBROUTINE PLOT IS REPLACED WITH A
C********CUP'Y SUBROUTINE. FIND SUBSTITUTES IF PLOTTING CPTIONS ARE
C********TO BE KEPT.

CALL CRTIC(2HAE1Il
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CALL FRAME
CALL SETCHM41)
CALL SETCH1 6.0,64.0,1,0,0,0)

C*******REPCVE FCLLCWING STATEMENT IF OFFMON-ONMON OPTION IS REMCVED.
IFINOFF) 6105,4400, 6105

6105 CONTINUE
C********START HERE FOR EW SERIES OF PROBLEMS.
Zl10 NPRCe s 0

NR RS
Y PW
NSAVE NCATA 0 

CCC INITIALIZE PROELEP TIMING, SET TOTAL TIME CHARGED TC ZERO.
CALL TIPENINPERMICS)
KSECS 0 O

CCC STAPT HERE FGR EACF ACCITIONAL PROBLEM IN A STACK OF CATA DECKS.
2115 NPRCB = NPROB I

KCYC -1
CCC INITIALIZE CNTROL PARAMETERS.

IBLCCK KWIT NSTOP NISC NOUMP a NOFF a NOW a
DO 2120 N a 1,15
NEW8Li{) 0 O

2120 CCNTINUE
CALL SETCI( 6.0,64.0,1,000,0)
WRITE M,5890 FIN

CCC SAVE CLO PACHINE. I-OUR IDENTIFIER, GET NEW IDENTIFIE
C8 =CLCCXB
CA CLCCKA
CALL CLCCKICLCCK8,CLOCKA)

CCC FIND TOTAL TIME ClARGEC TO PROBLEM.
CALL TIPERINPER,MICSI
KSECS KSECS MICS
WRITE P ,5845 )CLOCKAKSECSNPER
WRITE I MW,5845 CLOCKAKSECSNPER
PRINT 5845 ,CLOCKAKSECSNPER
PRINT 5885
WRITE I 4,5805 ) FIN
WRITE I MW,5805 ) FIN

C------ -READ IN CCNTROL CARCS AND PROBLEM NAME CARO.
2125 READ I NR,5875 I NAME

WRITE MW,5875 )NAME
PRlhT 5875 , NAME
IFNAPE(11 - l*12125, 6110,2125

6110 IFINAPE121 - 5ISPLIT) 6115,4600, 6115
61L0 IF(NAPE(2) - 5F-DISCO) 6120,2125, 6120
6120 IF(NAPE(Z) - 5FOECKS)2130, 6125,2130
6125 NSAVE = 1

DIFIPACHINE)972,972,97 1
971 CONTINUE

WRITE 63,59051 NAPE(31
REAC 163,5910) NOATA

972 CONTINUE
DIF(IACHINE)973,973,97 4

973 CONTINUE
910 FORPAT(12,IXR5)

DECCDE 5905,(NAME(31),910,lNDATA)
974 CONTINUE

WRITE C MW,5940 )NCATA
PRINT 5940 ,NOATA
GO TC 2125

2130 IF(NAPE(2) - 5FOFFM0I 6130,4320, 6130
6130 IFIMAPEIZI - 5hINPUT)2135, 6135,2135
6135 DIFIPACHINE)976,976, 975

975 CONTINUE
WRITE (63,5905) NAPE(3)
REAC (63,5910) NK

976 CONTINUE
DIFINACHINE0977,977,978

977 CONTINUE
DECODE 5905,(NAME(3))99109NRI

978 CONTINUE
GO TC 2125

2135 IFINAPE421 - 5OUTPUI214O 6140,2140
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* 298
* 299
* 300
* 301
* 302
* 303
* 304
* 305
* 306
* 307
* 308
* 3C9
* 310
* 311
* 312
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* 314
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* 316
* 317
* 318
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* 322
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* 324
* 325
* 326
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* 349
* 350
* 351
* 352
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6140 DIF110ACHINE)9710,9710,979 * 370
979 CONTINUE * 371

WRITE 163,5905) NE(3) * 372
REAC (63,5920) M * 373

571u CCNTINUE * 374
OIFIACHhE)9 l1,971197l2 * 375

9711 CONTINUE * 376
92U FORPATflX,13) * 377

DECCOE 5905,(NAHE(3)1,920,1)M * 378
9712 CONTINUE * 379

GO TC 2125 * 380
2140 IF(KAPE(2) - 5CHECK)2145, 6145,2145 * 381
6145 NCHECK - 1 * 382

GO C 2125 * 383
2145 IF(fAPE(2) - 51-FINIS)2155, 6150,2155 * 384
6150 CONTINUE * 385
CCC ENDFILE AND UNLOAI: TAPE WITH LABEL N2 ASSIGNED TO liD CHANNEL NI. * 386
C********ASSIGN STATEMENTS ELOW ARE USED TO CONTROL HANDLING OF TAPES * 387
C*******ANC CISC FILES, ALL OPTIONAL PROCEDURES. THESE AY BE * 388
C********ELININATED, OR SUBSTITUTES FOUND. * 389

DIF FACHIKE)982,9829981 * 390
981 CONTINUE 8 391

WRITE 63,5905) NAFE(3), NAME141 * 392
REAC (63,5910) N, N * 393
CALL RTECF (Ni) * 394
CALL ASSIGNtNllh2,-2) * 3S5

982 CONTINUE * 396
DIF(PACHINE)983,983,984 * 397

983 CONTINUE * 398
DECODE 5905,(NAME(3),NAME141),910,(NI,N2I a 399
CALL WRTECF (NI) * 400
CALL UNLCAD NI) * 401
WRITE I MW,2150 )NlN2 a 402
PRINT 2150 ,NN2 * 403

2150 FORPAT(//,I1HUNLOAC UNIT,13,12H, LABEL TAPE,IX,R5,1CH AND SAVE.) * 404
984 CONTINUE * 405

GC C 2125 * 406
2155 IF(NAPE(2) - 5HOUNT)2165, 6155,2165 * 407
6155 CONTINUE * 408
C MCUNT NEW TAPE. * 409
CCC ASSIGN LCGICAL /C CHANNEL Nl TO TAPE LABELLED N2. * 410

DIFIPACHINE)986,9e6,985 * 411
985 CONTINUE * 412

WRITE (63,5905) NAIE13), NAMEt4) * 413
REAC (63,5910) N, N2 * 414
CALL ASSIGNINI,1,P2) * 415

986 CONTINUE * 416
DIFIPACHINE)987,987,98e a 417

987 CONTINUE * 418
DECCOE 5905,INAME(3),NAME14)),910,(NIN2) *419
WRITE I MW,2160 NlN2 a 420
PRINT 2160 ,NI,N2 * 421
PAUSE * 422

2160 FORPAT(//,9HLCAD uNIT,13,10H WITH TAPE,IX,RS,15H ANC HIT START.) * 423
988 CCNTINUE * 424

GO TO 2125 * 425
2165 IFINAVEIZI - 5ASSIG)2195, 6160,2195 * 426
6160 DIF(PACHINE)9810,9elO,989 a 427
989 CCNTINUE s 428

WRITE (63,5875) (NAMEIN%, N 1,121 * 429
REAC (63,5915) NRG, NXI(K) K 1,8) * 430
GO TC 2125,2170,2175,2180,2125,2125,2125,215),NARG * 431

CCC ASSIGN LOGICAL I/C CHANNEL NXlIl) TO ARDWARE TYPE NXI(2). * 432
2170 CALL ASSIGNINXI(l),NX112)) * 433

GO TC 2125 a 434
CCC ASSIGN I/C CHANNEL NXIII) TO TAPE WITH WIDTH NXI21, LABEL hXt(3). * 435
2175 CALL ASSIGN(NX1I1)shXl(21NXl(3)) * 436

GO TC 2125 * 437
CCC ASSIGN I/C CHANNEL NXIII) TO DISK FILE WITH NAME NX1(3), LENGTH * 438
CCC CR CFERATION NX1(4). NX112) SHOULD BE C. * 439
2180 CALL ASSIGN(NXI(l),NX1(2INXl(3)INXI(4)) * 440

GO TO 2125 * 441
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CCC GIVE THE DD80 OUTPUT FILES TO THE USER.
CCC FILE NAMES WILL HAVE 8 CHARACTERS. BEGINNING TRUMPD.
2185 CALL KEEP80 (8RTRCNIPDDA)

IF (NX1(l) GT. 0) CALL KEEP80(0)
9810 CONTINUE

DIF (ACHIlE)9811,9811,9812
9811 CON71NUE

WRITE ( MW,2190 ) FIN
PRINT 2190

2190 FORPATI/,5X,5H*****,38P-REPLACE ASSIGN WIT- *OUNT CR FINIS.)
9812 CONTINUE

GO C 2125
C------CCNTINUE HERE wI-EN A PROBLEM NAME CARD HAS BEEN READ IN.
2195 WRIIE MW,59Z5 )NNM

PRINT 5925 ,R,M
WRITE I M,5830 )CUROATENPROBNAMECLOCKXBCLOCKA
WRITE I M,5885 FIN
IF(P - PW) 6165,2200, 6165

6165 WRIE I MW,5830 )HGUR,0ATENPROBNAMECLOCK8,CLOCKA
WRITE ( MW,5845 CLOCKAKSECSNPER
WRITE ( MW,5885 ) FIN

CCC SET TCTAL ELAPSED PRCBLEM TIME TO ZERO FOR THIS PROBLEM.
CCC CGNTRCL CRRYOVER CF DATA FROM PRECEDING PROBLEM.
2200 KSECS 0

IF(NAFE(16 - 1H2)2205, 6170,2205
6170 NOW Z

WRITE I P15895 I FIN
PRINT 5895
GO TC 2230

2205 IF(NAPEI6 - IH3)2210. 6175,2210
6175 NOW = 3

GO C 2215
2210 IFINAME(16 - H412220, 6180,2220
6Id0 NOW 4

TAU = SUPTIM
2215 WRITE I 1,5900 1 TAU

PRINT 5900 , TAU
GO TC 2230

2220 WRITE I M,5840 I FIN
CCC ZERC ALL CCUNTERS WHEN NO DATA IS CARRIED OVER FROM LAST PRCBLEM.

DC 2225 N * 1,25
NOSFEClN) = 0

2225 CONTINUE
NUP 0

CCC SAVE INITIAL NUMBER OF ITEMS IN EACh BLOCK.
2230 DO 2235, a 1,12

ITEPSIN NOSPECIN)
2235 CONTINUE

IFINCW)2245,2245, 6185
6185 IF(hAPESIL) - IH*I 6190,2240, 6190
6190 WRITE ( 14,5960 1 FIN

PRINT 5960
KWIT = 5
G TO 2220

2240 WRI7E ( P,5935 NAPES, CB, CA
PRINT 5935 , NAMES, C CA
CALL TALLY
NOW = 0

C------REAO I BLOCK UMeER CARDS.
2245 WRITE I 1,5885 ) FIN
2250 REAC I NR,5860 )ACATAIBLOCKMOD,ABLOCK

IFII8LCCK)2255, 6195,2255
6195 WRITE I 1,5870 ABLOCK

GO TC 2250
2255 WRITE I ,5865 ADATAIBLOCKMOCABLOCK

IF(IOLOCK)2320,Z250, 6200
62UO MODS = 0

IFIMCC - IHAI2260, 6205,2260
6205 MODS - 1

WRITE I ,5850 FIN
GO TC 2265

2260 IFI(CC - IH812265, 6210,2265
6210 MODS 5 -1

WRITE I Y,5855 ) FIN
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* 445
* 446
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* 448
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* 450
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* 452
* 453
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* 458
* 459
* 460
* 461
* 462
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* 502
* 503
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* 50a
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* 512
* 513



2265 rCo FCCS 4 514
N8 R . 51S
NEWEL(IELCCK) * NBLIIBLOCK) * 1 * 516
IF(CC)2270, 6215,2270 * 517

6Zli ITEPS(IOLCCK 0 518
CCC FINC CUT IF INPUT TAPE FOR BLOCK ITEMS AS BEEN SPECIFIED. * 519
2270 IFIAOLCCK(l) - 6H*INPUT)2275, 6220,2275 * 520

6220 DIFIPF'CHiNE)97149714,9713 * 521
9713 CCNTIhUE * 522

WRITE 163,5905) ALOCK(21 * 523
REAC 163,5910) NE * 524

9714 CCNIINUE * 525
DIF(PACHINE)9715,9715,9716 * 526

9715 CCNIINUE * 527
DECCOE 59C5,(AELOCKI2H),910, NlB * 528

9716 CCNYIIUE * 529
WRITE I Mw,5950 )IeLcCKNB * 530
PRINT 5950 ,IBLOCK,NB * 531

C------GC TC SUBRCUTINES TC READ IN BLOCK ITEMS. * S32
2275 GO TC(2310,2280,2290,2280,2295,2305,2305.22e5,231C,23CC,231S,228CI * 533

x,18LGCK * 534
2280 CALL HERP * 535

GG C 2245 * 536
2285 CALL GEN * 537

GC TC 2245 * 538
2290 CALL CHEM * 539

GO TC 2245 * 540
2295 CALL FINK * 541

GO IC 2245 * 542
2300 CALL FLCN * 543

GG TC 2245 * 544
2305 CALL SURE , 545

GO TC 2245 * 546
2310 CALL TALLY * 547

GO TC 2245 6 548
2315 CALL FLCT . 549

GO IC 2245 * 5so
C------- CCPE HERE AFTER ALL ATA ANC DATA NC CARD HAVE BEEN READ IN. * 551
C-------INITIALIZE EFCRE FIRST TIME STEP. * 552
2320 IBLCCL = IBLCCK * 553

WRITE I M,5885 FIN * 554
WRITE I P,5885 ) FIN s 555

CCC SAE NAPE FCR IDENTIFICATION IF DATA FOR CONTINUATICN PROBLEMS. * 556
DO 2325, h 1,20 * 557
NAMESlh) a AFE(N) * 558

2325 CCNTINUE , 559
CCC FINC TIME CHARGES FOR INPUT PHASE OF PROBLEM. * 560

CALL rTPER(NPER,MICS) * 561
KSECS = MICS * 562
wRITE I ,5845 )CLCCKAtKSECSoNPER * 563
PRINT 5845 ,CLOCKA,KSECSNPER * 564
IFIP - M)W 6225,2330, 6225 * 565

6225 WRIlE I PW,5845 CLOCKAKSECSNPER * 566
2330 CALL TALLY , 567

IF(KWIT - 9) 6230,4500, 6230 * 568
6230 CALL SPECK * 569
C INITIALIZE. * 570
C------- INCREMENT CYCLE CCUNTER, 00 NEXT TIME STEP. * 571
4200 KCYC = KCYC + 1 * 572
CCC GO IC SUERCUTIKES TC CC TIME STEP CALCULATIONS AND RITE OLT DATA. s 573
C------- FETURN HERE AFTER A TIME STEP IS REJECTED. * 574
4205 CALL HERP * 575

IF{NCGEN)4210,421Ct 6235 * 57t
6235 CALL GEN 6 517
4210 IFIhKEP)4215,4215, 6240 * 578
6240 CALL CHEF * 579

4215 IFINCCCh)4220,422U, 6245 * 0 C
62'5 CALL FINK , -)i
4220 IF(KCFLCWi4225,4225, 6250 * ji.2
6250 CALL FLCW S 541
4225 IF(NCSCCK)4230,4230, 6255 * 'C.
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6255 CALL SURE * 565
4230 IFIfPELT)4235,4235, 6260 * 586
6260 CALL HERPI *587
4235 IFINCSPECI424O,4240, 6265 *588
62b5 CALL SPECK *589
4240 IF(hIPELT14245942459 6270 *590
6270 CALL THERP2 *59t

C -PAKE CPT PLCTS WHEN REQUIREC. * 592
4245 IFliUP1425S,4255* 6275 * 593
6275 IFIXWIT)4255, 6280, 6280 * 594
6280 IF(NSTCP14600, 6285,4250 * 595
6285 IFINC - 2) 6290,4250, 6290 * 596
6290 IFI(KCYC - l)*(KCYC - 21) 6295,4250, 295 * 597
6295 IFIJPIC)4255,4255, 6300 * 598
6300 IF(XPCDFIXCYC - 1JPIC)) 6305, 305,4255 * 599
6305 IF(KCYC)4255,4255, 6310 * 600
6310 CChTINUE * 601
4250 CALL PLCT * 602
4255 IFINSTOP14600, 6315,4500 * 603
6315 IFtbCISC) 6320,4260, 6320 * 604
6320 KWIT 6 * 605

4260 CALL TALLY * 606
IF(KwIT)4205943009 6325 s 607

6325 IF((KWIT - 51*(KWIT - 91) 6330,4500, 6330 * 608
6330 NSTCP I * 609

GO TO 4200 * 610
C------- TEST FCR PRCBLEP PREPROCESSING ONLY. * 611
4300 IFICHECX14305,4305, 6335 * 612
6335 KWI 6 * 613

NSTCP I * 614
GO TC 4200 * 615

C * 616
C********INTERRUPT-RESTART CCNTROL SECTION. * 617
Cs*******PEPOVE IF NC SUgSTITUTE FOR OFFMON-ONMON AVAILABLE. * 618
C * 619
C------ -TEST FCR PRCBLEF INTERRUPTION BY SENSE SWITCH 1. * 620
4305 IF(SENSE SWITCH 114310,4200 * 621

6340 CONIINUE * 622
CCC COPE HERE WHEN OFFPCN IS TO BE CALLEC. * 623
4310 lF(IeLCCL + ) 6345,4315,4315 * 624
6345 KIT = 6 * 625

NOUPP I * 626
6G TC 4260 * 627

C********TALLYt IS SPECIAL ENTRY POINT IN TALLY. * 628
431) CALL ALLVI * 629
C PCH LCCX 9. * 630

GO TC 4325 * 631
4320 WRITE I MW#5835 I FIN * 632

PRINT 5835 * 633
NCFF = I *634
SUMIM 2 0.0 * 635
NSAVE NCATA 0 * 636

4325 WRITE I MW,5810 IKCYCSUMTIMKWIT * 637
PRINT 5810 ,XCYCSUMTIMKwIT * 638

CCC SAVE NREAO CATA CECKS ON TAPE 6A FOR NEXT JOB. * 639
IFINSAVE[4330,4330, 6350 * 640

6350 NI R * 641
N2 - hOATA * 642
WRITE I MW,5945 ) NTA * 643
PRINT 5945 , NCATA * 644
CALL PRIME NI, N2, 1, O 0.0, 0.0, 0.0, 0.0, C.0 * 645

4330 WRITE I MW,5800 FIN * 646
CCC FINO TOTAL TIME CARGES UP TO TME OFFMON CALLED. * 647

CALL TIPEa(NPERtMICS1 * 648
KSECS = KSECS MICS * 649
WRIlE I MW,5845 )CLOCKA,KSECS,NPER * 650
PRIAT 5845 CLOCXA,KSECSNPER * 651
IFI - 100)4335 635S,4335 * 652

6355 CALL FRAME * 653
WRITE I M,5810 )KCYCSUMTIMKWIT * 654
WRITE M,5800 ) FIN * 655
WRITE I F,5845 CLOCKAKSECSNPER * 656
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CCC EMPIY CC8C eUFFER, GIVE CC80 FILE TO SYSTEM.
4335 CALL fLCTE

WRITE I MW,5805 ) FIN
CALL CLCCKlHCUPXCATEXI

CCC DUPF CCA MECRY CN LCGICAL 1/0 CHANNEL 5.
CALL CFFPCN

C PCbLEM CAN BE RESTARTEC FROM 5A WITH ONMCN.
C***$****s*********TtIS IS CMON RESTART ENTRY POINT. *************

REWINC 5
WRITE I MW,5820 )HOUROATE
PRINT 582C ,HOURCATE
WRITE I MW,5815 )HCURXOATEX
PRIM 5815 ,hCURXCATEX
GO C 2105

C - TEST FCR CCNTINUATION OF INTERRUPTED PROBLEM.
CCC TEST FCP A /*OISCCNTINUE/ RESTART OPTION CARD.
4400 REAC I NRS,5875 )(NXI(Ni, N = 1201

WRITE I YW,5875 )(NXIINl, N = 1,20)
PRINT 5875 ,(NXIIN), N * 1,20)
IF(hXIII) - IH*14400, 6360,4400

6360 NDISC = 0
IF(NX112) - 5HCISCC)4405, 6365,4405

6365 NDISC = I
C********START A NEW SERIES CF PROBLEMS, BEGINNING PROBLEM COUNTER AT 1.

WRITE I MW,5930 ) FIN
PRINT 5930
GO TC 4410

4405 CALL SPACEINRS)
CCC INITIALIZE PROELEM TIMING WHEN RELOADING WITH CNMON CR ONONS.
4410 NPEFS = NFER

CALL TIFEP(NPERMICS)
WRITE I ,5845 )CLCCKAKSECS,NPERS
PRINT 5845 ,CLCCKA.KSECSNPERS
PRIT 5830 ,HCURCATENPROB,NAME,CLOCKBCLOCKA
WRITE ( F,5805 I FIN
IFI - W)4200, 670,4200

6370 WRITE I MW,5845 CLCCKA,KSECSNPERS
WRITE I MW,5805 ) FIN

C GG CN WITH PREVIOUSLY INTERRUPTED PROBLEM.
GO IC 4200

C****S***ENC CF INTERRUPT-RESTART SECTION.
C
C-------CCYE HERE AT ENC CF PROBLEM. IOTHERS MAY FOLLOW.I
4500 KCYC = KCVC - I

WRITE I M,5825 NPRCB,KCYC,KWITSUMTIMCLOCKBCLCCKAFIN
PRINT 5825, NPPOBKCYCKW ITSUMTSM,CLOCKBCLOCKA,FIh
IFIM - MW) 6375,4505, 6375

6375 WRITE ( MW,5825 )NPROBKCYCKWITSUMTIM,CLOCKBCLCCKA,FIN
4505 IF(NOISC) 6380, 6380,2110
6380 IFfhOUMP2I5,21154320
C--------CCFE HERE WHEN A /*SPLIT/ CARD HAS BEEN READ IN FROM DATA DECK.
4600 WRITE ( V,5955 ) FIN

IFI - W) 6385,4605, 6385
6385 WRITE MW,5955 I FIN
4605 PRINT 5955
5800 FORMATI//IOX,40HCALLEC OFFMON. SAVE A AND LABEL TRLMP.//////,Al)
5805 FORPATIIHIAl)
5810 FORMATI /,lOX.6HKCYC =,16,2X,8HSUMTIM =q1PE12.5t2XqtIKWIT ,16)
5815 FORPAT(IOX,19HTAPE 5A WAS MADE AT,2(2XoA6))
5820 FORFAT(//,I0X,37HCNMON RESTART ON 5A. PROGRAM DATE IS,2I2XA6l)
5825 FORIATIOX,1OHENDEC PROB,15,5X,7HKCYC - ,I,55X,7HKWIT = ,12,5X,9HS

1UFTI - ,IPEI2.5,12X,2(2XA6),/,IOX,92HKWIT... ITIMAX, ZTMAX, 3T
2MIN, 4=S.S., 5DATA, 6zCARD OR KEY, 7MCYC, 8MSECt 9=BLKS 2,4,7,
3 /5Xt72HIIOCONVERGENCE FAILURE, ll=PROBLEM SIZE LIMIT, 12-TABLE
4 LENGTH CR CRCER.,Al)

5830 FORMATClHl,9XI7HIRUFP CUTPUT CTA,13X,12HPROGRAM DAlE,2(2X,A6),
I 28X99HCATA CECKt5I//1OXA1,14A5,Al,4A2,4X,2(2XA6)I

5835 FORPATI//IOX,46HNL MCRE DATA ECKS, RESTART FROM 5A ITH CONAI)
5840 FORPATI//,IOX,4IHNC CATA CARRYOVER FROM PRECECING PROBLEM.,AI
5845 FORPATIIOX,14HFACHINE TIME ,A6,4H) * ,15,2X,

1 33HSECCNOS. CPUI/CSYS PERCENTS ,ALO)
5850 FCRPAT(38X,34HCATA ACCS TC DATA ALREACY READ IN.,AI)

* 657
* 658
* 659
* 660
* 661
* 662
* 663
* t64

* 665
* 666
* 667
* 668
* 669
* 670
* 671
* 672
* 613
* 674
* 675
* 676

* 677
* 678
* 679
* 680
* 681
* 682
* 683
* 684
* 685
* 686
* 6ei7
* 688
* 689
* 690
* 691
* 692
* e93
* 694

*696

* 97
* 698
* 699
* 700
* 701
* 702
* 703
* 704
* 70j
* 706
* 707
* 708
* 7C9
* 710
* 711
* 712
* 113
* 714
* 715
* 716
* 717
* 718
* 719
* 720
* 721
* 722
* 723
* 724
* 725
* 726
* 727
* 728
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58-5 FORtAT138X,46HCAT.1 MOCIFIES OR ADDS TO DATA ALREADY READ IN,AI)
5860 FORPAT(A5,12,Alo12A61
5865 FORMAT(IOX,4HCATA,1XA5,13,AI,14X,12A6I
5870 FCRPAT(38Xl2A6)
5875 FCRPAT1AI,14A5,A1,4A2)
5880 FORMATI1OX,12A6)
5885 FORPAT1OX,100IIH-IA1)
5890 FCRPAT(//////////,AlI
5895 FORMATI/,tOX,36HWILL USE DATA AND INITIAL CONDITIONS,

I 43H FRCM PRECECING PROBLEM WITH NAME, DATE ---tAll
5900 FCRPAT(/,I0X,46HWILL USE CATA AND FINAL CONDITIONS, 6ITH TAU 2,

1 E13.5,43H FROM PRECEDING PROBLEM WITF NAME, DATE ---I
5905 FCRVAT(2A51
5q10 FORMAT(12,1XR51
5915 FCRPAT(7Xllt21lXIZtlX,12,1X.AlO*lX916lI
5920 FORFAI(IX,13)
5925 FORtAT(lOX,L2HINPUT UNIT ,14,16H. OUTPUT UNIT =,15,1H.l
5930 FCRPAT(IOX,79HFREVIOUSLY INTERRUPTED PROBLEM ILL BE ENDED. DATA

IFOR LAST TIME STEP FOLLOWS.,Al)
5935 FORPAT(IOX,A1,14A5,A1,4A2,4X,212X,A62)
5940 FORPAT(LOX,39HUNUSEO ATA DECKS WILL E SAVED ON UNIT,14,1H.)
5945 FCRPATI/,1OX,29HFCLLCWING DATA CECKS SAVED ON,I4, iH.,//)
5950 FORYAT(38X,20HINPUT CATA FOR BLCCK,14,23H WILL BE READ FROM UNIt,

1 14,IH.I
5955 FCRPAT(10X,17HEND CF TRUMP JOB.,AI)
596U FCRPAT(lO(lH*),21FKC DATA IS IN MEMORY.,A1)

RETURN
CCC END CF HEART. RETURN TO MAIN PROGRAM TO CALL EXIT.
CCC (RETURN TC KITTY IF THIS IS A *CONTROLLEE JOB.)

END

* CARDS CCLUMN THERM
(Nb * LIST 8

t2 * FORTRAN THERM TRUMP MATERIAL AND NODE SLBROUTINE.
SUBPCUTINE THERM

C********VERSICK 5/20/69.
C********IHERM IS A REQUIREC SUBROUTINE.

USE STCRK
USE STCRE
USE STORM

C********RECUIRED WHEN CEM IS USED, USED IN CEM, THERM, FLOW, TALLY.
DIF(3)92,92,91

91 CONTINUE
COMICN /ACHEMS/ KM2), KAXIM2I, KBIM2I, KBXIM2
I BIM4), B81M41, DOBM4), CDBIM4)

92 CCNTINUE
DIF(MP8982,982,981

981 CONTINUE
C**S***S*ARRAYS USEC ONLY IF SUBROUTINE GEN IS USED, G IN 1HERM,
C******** GEN, AC TALLY, GG IN TALLY ONLY.

COMPCh /AGENS/ G41, GG(M4)
982 CONTINUE

DIF(P12197209720971
971 CONIINUE
C********ARRAYS USED ONLY IF THE REMOTE TEMPERATURE DEPENDENCE OPTICN IS
C******** USEC (BLOCK 12). USED IN THERM, CHEM, GEN, FLOW, AND SRE

COMPCh /REPS/ NLCOKtM4,8)
C********USED CKLY IF REMOTE TEMPERATURE DEPENDENCE OPTION IS USED
C******** (BLCCK 12). USED ONLY IN THERM.

CCMMCN/AREM/NCCP1I 12),NOOP2(M12),NOXPI1121 ,NOXP2(M12),NPRCP(1M12)
972 CONTINUE

INTEGER Al, AT
DIMENSICN APRCP18)
DATA (AFRCPII = 1CAPT), IAPROP(2) z 4CONTI, IAPRCP13) 2HCT),
1 (APRCP(4I = 2HZT), APROP151 2HET), APROP(6) 2HGT),
2 IAPRCP(7) = HFLOWT), IAPROP(8 S 5HHSURT)
IF(KCYC) 6100,3100,4200

6100 IFIBLCCK - 2 61C5,2135, 6105
6105 IF(IBLGCK - 4) 6110,2275, 6110
6110 IFIItLCCK - 122130, 6115,2130
6115 DIFPIM219140914913
413 CONTINUE

* 729
* 30
* 731
s 732
* 733
* 34
* 735
t 736
* 737
* 738
* 739
* 740
* 741
* 742
* 743
* 744
* 745
* 146
* 747
* 748
* 749
* 750
* 751
* 752
* 753
* 754
* 755
* 756
* 757
* 158
* 759
* 760
* 761
* 762
* 763
* 764
* 765
* 766
* 767
* 768
* 769
* 770
* 771
* 772
* 773
* 774
* 775
* 776
* 777
* 778
* 779
* 780
* 781
* 782
* 783
* 784
* 785
* 786
* 787
* 788
* 789
* 790
* 791
* 792
* 793
* 794
* 795
* 796
* 797
* 798
* 799
* 800
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CCC INPUr CATA ELCcK 12. ;EMOTE TEMPERATURE OEPENDENCES. * 801
N NTAES * 802
L * 6C3
IFIPCC)2100, 6120,2100 * 804

612o N NTAES = 0 * 805
2100 REAC t Ns,5860 3Nlh2,NPNSEI,NAOPINAOP2,NADPR s eo6

IF(NIU 6125,2130, 6125 * 807
6125 CCNIINUE 808

2105 IF(PCC) 6130,2110,2110 * 809
6130 CALL SEEK21NNlN2,NCXPI,NOXP2,NTA8SKI * 810

ITEFS(12) = XINOF(N - 1, ITEMS( 1211 * 811
GC TC 2115 * 612

2110 N = NTAES = N 1 * 813
2115 IF( - 12)2120,2120, 6135 * 814

6135 N - NTAES = 12 * 815
KWI = 11 * 816
WRITE I MW,5900 )NIELOCK 4 817
PRIhT 5900 ,hIBLCCK * 8S

2120 NOOPICNI hCXF11) N 819
NOOP2(hl a NGXP2(h) a N2 * 820
NPRCPIN) -NP * 821
L L 1 * 822
IFIXsCCF(L-l,57))2L25, 6140,2125 * 823

6140 WRIlE K,5855 FIN * 824
2125 WRITE I ,S865 NCCPIIN),NUOP21NINNPROPIN),APRCPINP) * e25

IFIMSEC)2100,2100, 6145 * e26
6145 NSEC = SE - 827

N1 N + ACPI * 828
N2 = 2 t NACP2 * e29
NP aP + NACPR * e3C
GO TC 2105 * d31

2130 CONTINUE * 832
914 CCNIIhUE * 833

RETURN * 834
C CMPLETED LCCK 12. * 835
CCC IPUT CATA BLOCK 2. PATERIAL PROPERTY LIST. * 836
2135 N KMAT * 637

LABEL = I 4 838
IFIPCC)2140, 6150,2140 * 839

615Q N NPELT = NVDRC NRK a NMAT - 0 e4C
2140 REAC I N85eOO )AlNlKlK2,LlL2.PtP2,P3,P4,NXI * 841

IFINI) 655,2270' 6155 * 842
6155 CALL PATC-1NX1,0.0,PSLBX) * 643

CCC SEE IF *ST CCNThCL CARD HAS BEEN REAC IN.- * 844
IF(Al - 5*MAST)2150, 6160,2150 * 845

6160 CALL PRIPEINl KIlL1,L2,PlP2tP3,P4,Ps) * 846
CCC FINC CUT HAT NEXT INPUT UNIT FOR BLOCK ITEMS IS. * 847

I((K - W*(KL - 1001*(K - M112145, 6,2145 * 848
6165 KI - NB * 849
2145 N K * eso

IF(K2 - 2)2140, 60, 6170 4 851
6170 N = 2 4 852

GO TC 2140 4 853
2150 IF(PCC) 6175,2170,2170 * 854
6175 CALL EEKI(NNlMATvNMATK) 4 855

IFIK)2165,2165, 6180 4 856
6180 IFthPELT(h)) 6185,2155, 6185 * 857
6185 NMELT NELT - * 858

2155 IFILTABC(h)) 6190,2160, 6190 859
6190 NVARC NVARC - I * 860

2160 IF(LTA8K9(Al 6195,2165, 6195 * 861
6195 NVARK - NVARK - 1 * 862

2165 ITEFSI 21 XNOF(N - 1,ITEMSI 2)) * 863
GO TC 2175 4 864

2170 N = NPAT N + I * 865
2175 IFIN - 2)2180#2180t 6200 * 866
6200 N = NJAT - P2 * e67

KWIT = 11 * 868
WRITE M W,5900 )NIBLOCK * 869
PRINT 5900 NIBLCCK 4 870

2180 AMATIN) Al e 871
MATIN) * NI 4 872
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DIF I3)94,94,93 * 873
93 CcNlINUE * 74

KAMI K * 875
KAXIhl Mi * 876
KB(h) K2 * 87?
K8Xth) K2 * 878

94 CONTINUE * 879
LTAEC(N) s LI * 880
LTABKlN a L2 * 881
DENSI - P * e82
CAPTllh) P2 * 883
CCN1I1,h) - P3 * 884

TMELT(NI - P4 * 885
C********FCLLCWING STATEPENT ADDED AFTER UCRL-14754 REV 1. * 886

HMELTX(RI HMELTl (N A8SF(P51 * 887
IF(LA8EL)2185,2185, 6205 * 888

6205 LABEL - 0 * 889
WRITE I ,5805 I FIN * 890

2185 WRITE I P,5810 )ANATIN),NATIN),N,#KK2,LTABCINI, * 891
S LTABKI),DENS(NlhCAPT(IN)CONT1,N)TELTIN),HMELTINI * 892
IF(HPELT(hil 6210,2190, 6210 * 893

6210 NMELT - hELT + I * 894
DIP13)96,96,95 * e95

95 CONTINUE * 896
KBIN) a * 897

96 CONTINUE * 898
2190 LTAE - XAISFILTABC(N)) * 899

IFILTA - 2) 6215,2195,2195 g 900
6215 LTAECINI 0 * 901

GO TO 2250 * 902
2195 NVAFC - VARC * 1 * 903

LABEL 1 * 904
REAt I NB,5815. )(CAPTIJ,N),TVARC(J,NI, J,LTABI * 905

C*******OAEXT 5 STATEMENTS REVISED SINCE UCRL-14754 REV 1. * 906
DO 2205 J 2LTAE * 907
DIX TARC(JN) - TVARCIJ-1,NI 1.OE-12 * 908
SLOCIJ,N) a CAPTIJN) - CAPTIJ-IN))XDTX * 909
IFICTX) 6220, 6220,2205 * 910

6220 KWIT 12 * 911
2205 CONTINUE ' 912

SLOClh) a SLCCI2,N) * 913
CCC FIND ENERGY REFERRED TO TVARC(1,N) * 914

IF(LTABCNI))2245,2245, 6225 * 915
6225 WT(Ih) - 0.0 * 916

DO 2215 J 2LTAe * 917
F31J) = .5*(CAPTIJN) CAPTIJ-l,NI * 918
WTIJh) WTCJ-1,Ih + F3(J)*ITVARCIJ,N) - 7VARCIJ-1,N)) * q19

2215 CONTINUE * 920
F311) F312) * 921

CCC FINO CALCULATEC EERGY AT ZERO DEGREES * 922
DO 2220 J a lLTAe * 923
J J * 924
IFITVARCIJN)I 6230,2230,2225 * 925

6230 CCNTINUE * 926
2220 CONTINUE * 927
2225 CAPX CAFTIJN) - 0.5*SLOCIJNI*TVARCIJN) * 928

CORP W WTIJN) - CAPX*TVARCIJ,N) * 929
GO C 2235 * 930

2230 CCRP - hT(JN) * 931
CCC CALCULATE HEAT CONTENT RELATIVE TO ZERO EGREES. * 932
2235 DO 2240 J 1,LTAe * 933

WTIJN) WT(JN - CORR * 934
2240 CONTINUE * 935
2245 WRITE ,5905 (CAPTI(J,N),SLOCIJ,NIWT(JNIF3(J), * 936

S TVARC(J,N), J 1,LTABI * 937
IF1LTA - 912250,2250, 6235 * 938

6235 KWIT 12 * 939
2250 LTAB XAESF(LTASK(NII * 940

IFLTA - 2) 6240,2255,2255 * 941
6240 LTA8K/N 0 * 942

GO TC 2140 * 943
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2255 NVARK = NVARK + I * 944
LAEEL I * 945

REAC I N8,5815 )ICCNTIJN), VARK(JN) JLTAB) * 946
DC 2265 - 2,LTAe * 947
DTX ITVARK(JNI - TVARKIJ-h,)) + .OE-12 * 948
SLOKIJ,KI - ICCNTIJh - CONT(J-1,N))/CTX * q49
IFICrXR 6245, 6245,2265 * 950

624) KWI = 12 * 95L
2265 CONIINUE * 952

SLOKIlAI a SLCKI2,N) * 953
WRITE I P,5880 )ICCNTIJN),SLOKIJNJTVARKIJN),J=ILTABI * 954
IF(LTAe - M912140,2140v 6250 * 955

6250 KiI- = 2 * 956
-- 7 ~~* 957

2270 NEWeL4) * NEWEL4) + 1000 , * 958
RETLRN * 959

C CMPLETE BLCCK 2. * 960
CCC IKPUT CATA ELCCK 4. hOCE LIST. * 961
2275 N NCOES * 962

L * 963
IFIPCC)22e0, 6255,2280 * 964

6255 N NCDES NCSPEC = 0 * 965
226u REAC I NB,5820 N1,NSEQNAOCN2,KSOLONGOWIDEIORAD * 966

IFINI) 6260,2330, 6260 * 967
6260 OLONG CLONGSSCALE * 968

DWICE = CICE*SCALE * 969
DRAC = CRAO*SCALE * 970
AD = 0.0 * 971
IFICRAC) 6265,2285,2285 * 972

6265 ADD -ICPAC * ORACS) * 973
DRAD = CRADS * 974

2285 IFIPCO) 6270,2295,2295 * 975
6270 CALL SEEKl(N,N1,NCCE,NCOESK) * 976

IFIK)229oP2290, 6275 * 977
6275 IF(NTYPE(N)) 6280,2290, 6280 * 978
6280 NOSPEC NOSPEC - I * 979

2290 ITEPSI 4) = XNOF(N - ITEMSI 4)) * 9ao
S0 TO 2300 * 98L

2295 N - NCOES = h 1 * 982
2300 IFN - 4)2305,2305, 6285 * 983
6285 N NCCES '4 * 984

KWIT 11 * 985
wRITE ( MW,5900 NIELOCK * 986
PRItT 5900 ,N,IBLCCK * 987

2305 NCDEIK = N * 988
NCOPATI) = h-CXMATIN) N2 * 989
OIF1P121916,916,915 * 990

915 CCNTINUE * 991
DO 2310 J = 1,8 * 992
NLOCK(NJ - N * 993

2310 CONTINUE * 994
916 CONIINUE * 995

TIN) = TCNE * 996
AIM ALCNE * 997

OIF(P3)98,98,97 * 998
97 CONlINUE * 999

BIN) = ECNE *1000
98 CONTINUE 100

DIF(8)910,910,99 *1002
99 CONTIUE *IC03

G(N) GCNE '1004
910 CCNTINUE *1005

NTYFEIN) 0 *1006
DRADS = CRAC = ORAC A D *1007
RADIUSIN) CRAD *1008
VOLCNI = GECl*CLO0G*C1IDE*SCALE*(DRAD/SCALE)e*KSYM *1009
IFIVCLIN))2315, 6290,2315 *1010

6290 VOLIN) = I.OE-24 *1011
NTYPEh) 2 *1012
NOSPEC = NCSPEC + 1 *1013
GO TC 2320 *1014

2315 IFIKS) 6295,2320, 6295 *1015
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6295 NTYPEIN) = 3
NOSPEC OSPEC + 1

2320 L L + I
IFIXPCDFIL-1,57))?325, 6300,2325

6300 WRITE I P,5825 I FIN
2325 WRITE I ,5830 NOCEIN), N, NOCMATIN), NTYPE(N),

S OLCNG,CWIDEORAO,VCL(N)
IFINSECI2280,2280, 6305

63U5 NSEC SE - I
NI N + NACC
GO TO 2285

2330 NX = NEWBL(71
DC 2335 N 5,12
NEWeLIN) NEWeLIK) 1000

2335 CCNTINUE
NEWeL(7) = NX
NEWeLII) a NEWBLUl + 1000
RETLRK

C CPLETED BLCCK 4. RETURN TO HEART.
3100 IBLCCK 4

CALL EFER(NCCPATCXMAT,NOOES,MAT,NMAT)
DIF I12)918,918,917

917 CCNTINUE
IFINTABS)3110,3110, 6310

6310 IBLCCK = 12
CALL REFEP(NCDP1,NCXPINTABSNOCENOCES)
CALL QEFERINCCP2,KCXP2,NTABSNOCENOCES)
IFtiPIT)45009 6315,4500

6315 DC 3105 N * 1,NTABS
J NCOPLIN)
K - NPRCPIN)
NLOCK(JKI NCCP21N)

3105 CCNTIhUE
918 CCNlINUE
CCC CALC. CCE ASSES, CAPACITIES, CONCUCTIVITIES.
3110 IF(NWIT)4500, 6320,4500
6320 DO 3125 N INOCES

J = CCPATIN)
ZIPIN C.0
HEFTIN) = VOL(K)SCENS(J)
IFIHEFTIN)) 6325, 6325,3115

6325 HEFTIN) 1 I.OE-36
3115 CAPI) = I-EFT(N)*(APTIIJ)

IF(CAP(h)) 6330, 6330,3120
6330 CAPIN) = 1.OE-36
3120 WIN) = CAF(N)*T(NI

CCNIN) - COhT(JI
IFICCNlh)) 6335, 6335,3125

6335 CCNIN) = .OE-24
3125 CCNTlhUE
CCC FINt ANC RITE OUT TOTAL NODES, VOLUME, MASS, CAP OF EACH ATL.

WRITE I ,5870 I FIN
CAPS = HEAT u VOLS HEFTS - d.O
DC 3135 - INMAT
NOObS VCLPS HEFTMS = CAPMS = WMS C.0
DO 3130, N a 1,NOCES
IFINCOMATIN) - K3130, 6340,3130

6340 NCOPS NCOYS I
VOLOS VCLMS VELIh
CAPPS = CAPPS CAP(NI
HEFTPS = EFTMS + FEFT(N)
WMS WMS + WIN)

313U CONTINUE
CAPS = CAFS CAPPS
VOLS = VCLS VOLPS
HEFTS = HEFTS HFTPS
HEAT EAT + MS
IF(CAPPS)3135,3135, 6345

6345 WRITE I M,5875 AMATIKIMATIK),NOCMSDENSIK),
SCAPTLIK),VCLMSHEFTPSCAPMStWMS

3135 CCNTINUE
WRITE I ,5890 )NODESVOLSHEFTSCAPSHEAT

*1016

* 1018*IC19
*1019
'1C20
*IC21
* 1022
*1023
*1024
*1C25
*IC26

*1028

*1C29
*1030
*1031
*1032

*1033
*1034
*1035
*l036
*IC37
*1038
* 1039
IC4C
* 1041
*1042
* 1043
* 1044
*1045
*1C46
1047

* 1048
* 1049
* 1050
*1051

*1052
*1053
*1C54
* 1055
*1056
*1057
*IC58
*1059

*1C60
*1061
*1062

*1063
'1064
*IC65
*1066
*1067
*1068
*IG69
'1070
*1071
*1072
*1073
*1074

*1075
*1076
*1077
*1078
*IC79
*1080
'1081
*1082
* 1083
*1084
*1085
*1086
*1087
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CCC UELETE PHASE CI-AN(,E CALCULATION FOR MATERIALS WHOSE PHASE CHANGE *ICb"
CCO-c lEPPER9TURE IS NOT ETWEEN TMIN ANC TMAX. *Icag

NRE9Cf = NREACT - MELT * Ioo
NPOILT = *1C91
DC 3140 K = 1,NMtT . c'I1

HPELTIK) = 0.0 *IC93
IF(ITIELTIK) - TMIK)*ITMAX - TMELT(K133314C, 6350, 3!0 *1C94

63U0 HPELTIK) a HELTXIK) *IC95
NPELT = NPELT 1 *1C96

314U CONTINUE 1097
NREACT NREACT + MELT *1098

CC. START EACH NEW PROtLEF WITH PHASES IN EQUILIBRIUM. *IC99
IFINPELTI 6355,42009 6355 *lICO

6355 IFINAPE116 - 1H3I 6360,4200, 6360 *1101
6360 IF(NAPE16 - IH4) 6365,4200, 6365 *1102
636t IF(NAPE(15 - 5HA=eL9) 6370,42009 637c *1103
6370 CCNTINUE *1104
C CLLUMNS 67-71, RETAIN LCCK 9 A. *1105

DO 3145 N = 1NOCES *11C6
J = CCPATIN) 1107

IFII-PELT(J33 6375,3145, 6375 *1108
6315 AIN = I.C *11C9

IFlI(IK - TELTIJI)3145,3145, 6380 *1110
6380 AIN = O.C *1111

3147 CCNTINUE *1112
4200 FORC = FCP*OELT *1113

IFtKWIT)43009 6385, 6385 *1114
6385 IFthCW74300,4300, 6390 *1115
6390 IFIKCYC - 14300,4205, 6395 *1116
6395 IF(KDATAI4300v 6400, 6400 *1117
6400 CONTINUE *lil
CCC FINC, WRITE TOTAL CAP HEAT CONTENT, AVG TEMP OF EACH PATL. *1119
4205 WRIE I P95885 ) FIN *1120

00 4215 K a NMAT *1121
CAPPS = PS - TMS a 0. *1122
DC 4210 - 1NOCES *1123
IF(NCOPATIN - K4210, 6405,4210 *1124

6405 CAPPS = CAPPS CAPIN) *1125
%PS = kWS * WIN) *t126

TMS TPS CAPIN)*TIN *1127

4210 CCNTINUE *1128
IFICAP)54215,4215, 6410 *1129

6410 TPS = TS/CAPPS *113C
WRITE P,5e95 JAPATIK IMATIK),CAPMSWMSTMSTMELTIK) HMELT(K) *1131

4215 CONTINUE *1132
WRITE I P,5835 3 FIN *1133

CCC iRIlE CUT ATA FOR NCCES ON PRINTOUT CYCLES. *1134
IF(KCYC - 1)4300,4230, 6415 *1135

6415 IFIKOATA)4300,4300t 6420) *1136
6420 IFINVARC + NVARK * NVARH * NAC * NORACS)43OC943C00 *425 *1137
6425 CCNTINUE *1138

CCC WRITE CUT PRCPERTIES OF EACH NODE. *113J
4230 WRITE I P,5840 FIN *1140

DO 4240 h IoNOCES *1141
IFIXFCDF(K-1,57))4235, 6430,4235 *1142

6430 WRITE I P,5845 I FIN *1143
4235 WRITE I M,5850 NCCEIN), NOXMATIN), NTYPEIN)v RACILSN), *1144

I VCLlh), HEFTIN19 CAPIN), CONIN3, ZIPIN), SLIMIN) *1145
4240 CCNTIUE *1146

WRITE I P,5835 3 FIN *1147
CCC INITIALIZE HEAT CCNTENT, CONDUCTANCE, CHANGES IN T A, B AND FLUX *1148
4300 DO 4302 h = NOCES *1149

OAlh) = OIN) - DIN) = ZIPIN = 0.0 *1150
DIF1P3)912,9129911 *1151

Sl CCNTINUE *1152
5B(h) = . *1153

S12 CCNTINUE *1154
IFILTABCINOCPATIN1)43029 6435,4302 *1155

641J WIN) z CAFINI*TINI + PELTiNOCMATINI3*HEFTINI*Ol. - AIN)) *1156
43u0 CON1IKUE *1157

IFINVARC04400,440, 6440 *115H
6440 CCNINUE olls
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CCC FIND NEW NOCE I-EAT CAPACITIES, EAT CONTENT *1160
DO 4345 - 1,NOCES *1161
J h NCCMAT(N) *1162
Km h $1163
DIF(F12)920,920.919 *1164

919 CONTINUE *1165
K NLCCKIN,1) *1166

920 CCNTINUE *1167
IFILTBCIJ) 6445,4345,4305 *1168

6445 SET - SUPTIP + FORC *1169
GO TC 4310 *1170

4305 EX * FCRC*OCTIK) *1171
SET - TIKI EX *1172

4310 CAPS CAFS - CAPIN) *1173
BET CAFNI *1174

BETW WIN) *1175
MIN 1 *1176
MAX XSF(LTAC(IJ)) *1177

4315 MID (PIN + MAXI/2 *1178
IFISET - TVARCIMICJ)143209433094325 *1179

4320 MAX - MID *1180
IFIMAX - 2)4330,4315,4315 *1181

4325 MIN - IC *1182
IF(MAX - MIN - 24330,4315,4315 *1183

4330 CAPX - CAFTIMICJ) + SLOCIMID+IJ2*ISET - TVARCMID,J)) *1184
CAPIN) - EFTIN)*CAPX *1185
IF(CAPIN)) 6450, 6450,335 *1186

6450 CAPIN) - I.OE-36 *1187
4335 IFILTABCIJ))4340,4345, 6455 *1188
6455 CAPX - 0.5*fCAPTIMIOJ) + CAPX - SLOCIMID+J)*EX) *1189

WIN = HEFTlhl*IWTIMlCJ) + CPX*ISET - EX - TVARCI)IDJ)l) *1190
WIN) = WIN) + EFTIN)*I-MELTJ)*I.O - AINII *1191

4340 CAPS = CAPS CAPIN) *1192
BET = ASSFlBETW - WIN)I/(BET+ 1.0E-24) *1193
BET 100.O*ABSF( eET - CAPIN)I/IBET + 1.OE-24) *1194
OTMAX AXlF(CTMAX,8ET*TVARYl *1195
DTMAX PAXIFICTMAXBETW) *1196

4345 CONTINUE *1197
CCC FINC NEW OE THERPAL CONDUCTIVITIES. *1198
4400 IFIhCCCh*NVARK)4500,4500, 6460 *1199
6460 DO 4440 N 1,NOCES *12CO

J OCPAT(h) *1201
K *120Z

DIF(F12)922,922,921 *1203
921 CONTINUE *1204

K NLCCXIN,2) *1205
922 CONTINUE *1206

IFILTABKIJ)) 6465,4440,4405 *1207
6465 SET SUPTIP * FCRC *1208

GO TC 4410 *1209
4405 SET TIN) + FCRD*COTIK) *1210
4410 MIN 1 *1211

MAX = XARSFILTABK(J)) *1212
BET a CCN(N) *1213

4415 MID = MPIN + X)/2 *1214
IFISET - TVARKIMICJ))44204430,4425 *1215

4420 MAX MI *1216
IFIPAX - 2)4430,4415,4415 *1217

4425 MIN - MID *1218
IFIPAX - MIN - 2)4430,4415,4415 *1219

4430 CONIN) = CCNT(PID,J) + SLOKIMIDIJ)*ISET - TVARKIMIO,J)) *1220
IFICCNIN)) 6470, 6470,4435 *1221

6470 CON(h) I.OE-24 *1222
4435 BET 100.0*ABSF(eET-CCNIN /(BET + .OE-24) *1223

OTMAX - ?DX1F(CTMAXEET*TVARY) *1224
4440 CONIlNUE *1225
4500 RETLRh *1226
C********ENTRY POINT FOR FIRST ESTIMATE OF PHASE CHANGE. TO DELETE *1227
C********PHASE CHANGE CALCULATIONS REMOVE REMAINING STATEMENTS IN THERM, *1228
C********REPCVE ARRAYS TELT, HMELT, HMELTX FROM COMMON AO REMOVE *1229
C********THEIR SUBSCRIPTS WHEREVER THEY APPEAR IN THERM, FLOW AND TALLY. *1230

ENTRY THERMI *1231
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IF(KWIT) 6475, 6415,4500
6475 DO 4605 = ,NOCES

J CCPATr(N)
IF(HMELTIJ)) 648C,4605, 6480

64dO IF(FTYPE(h - 24600, 6485,4600
64cb DDAWtI = C.0

GC C 4605
4600 HMX = HFTINI*HMELT(J3/CAP(N)

DTX = T) + ELT*(DCT(N - HMX*DDAINI) - TMELTIJI
CCC ODA S TEPPCRARY VALUE OF ESTIMATED TEMP CHANGE FROM PHASE CHANGE.

ODAI) = I-MX*PAXIF(-A(NMINlF(-DTX/hMX,1.C-A(NI)I
OTINh) CTIN) + OCAIN)

4605 CONTINUE
RETURN

C CCPPLETEC TEPMI. RETURN TO hEART.
C********ENTRY FINT FOR FINAL CALCULATION OF AMOUNT OF PASE CHANGE.

ENTFY TERM2
IFIMWIT) 6490, 6490,4500

6490 00 4620 N 1,NOCES
J z NCOMAT(N)
IF(HrELT0JI1 6495,4620, 6495

6495 DTIN) = CTIN) - DCANl
DOAINI = C.0
DTX TN) + OTIN) - TELT(J)
HPX = HEFT(N)*HMELT(J/CAPN)
IFINTYPEMI - 24615, 6500,4615

6500 HPX = .OE-6*AESF(CTX)+ 1.OE-12
4615 DAX = MAXIFI-AIN),PINIF(-OTX/HMX,1.O-AIN))

IFICAX) 6505,4620, 6505
6505 DTMAX = AXlF(CTMAXABSFIOT(N)))

oDIM - (N) * DAX*MYX
DAIM) - CN) * DAX

4620 CONTINUE
RETURN

5800 FORMAT(AS,515,4E10.3,10A1)
5805 FORPATI/OCX95HNAME MATL INDEX KA KB LTABC LTABK DENSITY C

SAPACITY CONCUCTIVITY TMELT HMELTAI)
5810 FCRIAT 1OXA5,215,214,216,1P5EI3.4)
5815 FORMAT 18E10.31
5820 FORPAT(5I5,5X,5E10.31
5825 FORPATI//,12X,22HNCCE INDEX 4ATL NTYPE,4X,5HCLONG,lCI,5HDkIDE,

S IOX,4HCRAClX,6HVOLUMEAL)
5830 FORlMATI 0X,416,1P4E15.5)
5835 FCR0ATI1OX,I0O(lH=),Al)
5840 FCRMATIlOX,69HNOOE CATA. CHECK TOTAL CONDUCTANCES (ZIP) AND TIME

ICONSTANTS SLIP).,/,15X,88HLARGE DIFFERENCES BETWEEN NODES MAY BE
2DUE TC PCCR ZCNING, ANC MAY PRODUCE POOR RESULTS.,Al)

5845 FORPATI/,IOX, 9HNCCE MATL NTYPE RADIUS VOLLME MASS
S CAPACITY CONCUCTIVITY ZIP SLIM,Al)

5850 FORPAT1I(X,315,1X,7E12.4)
5855 FORPATI//,lIX,29HN13DPl NOCP2 INDEX NPROP PROP,Al)
5860 FORPATI715)
5865 FORPATIlOX,416,2XA6)
5870 FGRFAT(//,LOX,16HMATERIAL SUMMARY,//,12X,92HNAME MAIL NODES DEN

SSITV CAPACITY TOT VOL TOT MASS TOT CAP TCT
SHEAT,Al)

5875 FGRMATIlOX,A6,216,1P6E13.5)
5880 FCRPAT(/17X12HCONLUCTIVITY5X5HSLOPE9X5HTVARK/,I15XlP3E15.6))
5885 FORFATI1OX,13HPATERIAL DATAv//,12X,lOHNAME MATL,5X,7HTOT CAP,

1 8X,8HTCT HEAT,7X,8HAVG TEMP,7X,5HTMELT,10X,5HHMELIAL)
5890 FORIATI/,lOX,12HSYSTEM TOTAL,16,26X,IP4E13.51
5895 FRPAT(l0XA6,I6,1P5E15.5)
590G FCRMAT(I5(lH*),17VM0RE THAN ALLOWECI5,15H ITEMS IN 8LOCK,13)
5905 FCRPATI/19X65HCAPACITY SLOPE ENERGY SLCPE

s TVARC/,Il5XlP5E15.6))
C CCPPLETEC TEPP2. RETURN TO HEART.

END

* CARCS CCLUPN CHEM
* LIST 8
t FGRTRAN CHEM TRUMP CHEMICAL REACTION SLBROLTINE.

SUBFCUTINE CHEP

*1232
*1233
*1234
*1235
*1236
*1217
*1238
*1239
*1240
*1241
* 1242
*1243
*1244
*1245
*L246
*1247
*1248
*1249
*1250
*1251
*1252
*1253
* 1254
* 1255
*1256
* 1257
*1258
*1259
* 1260
*1261
* 1262
*1263
*1264
*1265
*1266
*1267
* 1268
*l269
*12r0
*1271
*1272

*1273
*1274
*1275
*1276
*1277
*1278
*1279
*1280
*1281
*1282
*1283
*1284
* 1285
* 1286
*1267
*1288
*1289
*1290
* 1291
* 1292

*1293
* 1294
$1295
*1296
*1297
*1298

* 1300
*1301
*1302

*1303

&- 1~A
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C********VERSICK 52C/6S. *1304
C********CHEM IS AN CPTICNAL SUBROUTINE. IF NOT NEECED, ET M3 C. *13C5

USE STGRK $1306
USE STORE *1307
USE STCRA *1308
DIF(03)982,982,981 *1309

981 CONTINUE *1310
C***$****USEC CLY IN CEM. COULD BE REPLACED BY DIMENSICN STATEPENT. *1311

CCMPCN /ACHEM/ AKFP(M31, CORO4M3I. ET(M9,M3) KEM(M3), LTABEIM31, *1312
1 LTASCIP3), LTABZIM3I, CT(M9,M3), SLOE(M9,M31, SLOG(P9,M3), *1313
2 SLOZIP9d431, TVAREIM9,Y3), TVAR0149,M3), *1314
3 TYARZ(P9,F3), ZTM9,M3), *1315
4 EAIM4) EM43g QAIM41* QB(M41, ZAIM4), ZB0041 *1316

C********RE0UIREO WHEN CEM IS USED, USED IN CHEM, THERM, FLOW, TALLY. *1317
COMPCN ACHEMS/ KM2), KAXIM2I KM2), K8XII2)t *1318
I BIM4), B(M4), B(M41, DB(M41 *1319
DIF (112)972,972,971 *1320

971 CONTINUE *1321
C********AARAS USED ONLY IF THE REMOTE TEMPERATURE DEPENDENCE OPTION IS *1322
C******** USED (eLOCK 121. USED IN THERM, C-EM, GEN, FLOW, AND SURE *1323

CCMICK /AREPS/ NLCCK(M4,8) *1324
$72 CGNIINUE *1325

IF(XCYC) 6100,3100,4200 *1326
6100 CCNTINUE *1327
CCC INPUT CATA ELCCK 3. REACTANT PROPERTY LIST. *1328

N KEP *1329
LABEL 1 *1330
IF(PC1)21CO, 6105,2100 *1331

6105 N - KE a NVAR = NVARZ - NVARE a 0 *1332
210U REAC ( NB,5840 )A1,NIL1,L2,L3,PlP2,P3,NXI *1333

IFINI) 6110,2180, 6110 *1334
6110 IF(CCI 6115,2120.2120 *1335
elS CALL SEEKI(NNIKE',NKEMK) *1336

IF(K)2115,2115, 6120 *1337
6120 IFILTABC(lh) 6125,2105, 6125 *1338
6125 NVARC = NVARC - 1 *1339

2105 IF(LTABZ(h)) 6130,2110, 6130 *1340
6130 NVAP = NVARZ - 1 *1341

2110 IF(lTABE1)) 6135,2115, 6135 *1342
6135 NVARE = NVARE - 1 '1343
2115 ITEtSI 3) = XINOF(N - lIvTEMSI 311 *1344

GO TC 2125 *1345
2120 N - KE = N + 1 *1346
2125 IFI - 3)2130,2130, 6140 *1347
6140 N NKEt a 43 *1348

KWIT = 11 *1349
WRITE I AW,5835 )IIleOCK *1350
PRIAT 5835 ,NlBLCCK *1351

2130 AKEPI00 = Al *1352

KEM(N) a NI *1353
LTAeC(NI LI *1354
LTABZCN) a L2 *1355
LTABE(hN = L3 *1356
wT(IN) - P1 *1357
ZT(,h) P2 *1358
ETI1,N) = P3 *1359
LXX 0 '1360
CALL PATCFHNXI,1.0,P41LXXI *1361
CORDIN = MAXIF(I.OE-24tP4) *1362
IFILA8EL)2135,Z135, 6145 *1363

6145 LABEL = 0 *1364
WRITE I M,5845 I FIN *1365

2135 WRITE 3,5850 )AKEDI(N),KEMNINLTA8Q(NlLTABZ(N), *1366
S LTABEIh, CT(I1NDZTI1,NIET(l,N), CROIN) *1367

LTAE = AeSF(LTAB6(N)) *1368
IFILTAB - 2) 6150,2140,2140 *1369

6150 LTABC~() 0 *1370
GO TC 2150 *1371

2140 NVAPC NVARC 1 *1372
LAeEL t 1 *1373

REAC I N8,5800 )(QT(J*N),TVARQIJtNI, J31,L7AB) *1374
DO 2145 J=2,LTAO *1375
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DTX TVAPC(JN)-TVARCtJ-l,N)) + I.CE-12 *1376
SLOC(J,K) (TlJh)-CTJ-lvN))/CTX *1377
IF(CTXI o155, 6155,2145 *1378

615b KWIl 12 *1379
2145 CCN1IKUE *1380

SLOCIIPd = SLCQ(2,hI *1381
WRITE I Y,5820 )(CT(JtN),SLOQ(JN),TVARQ(JN),JlLTABI *1382
IF(LTA8 - M9[2150,21509 6160 *1383

61tO KWI = 12 *1384
2150 LTAE XAESF(LTABI(N)) 013b5

IF(LTA - 2 6165,2155,2155 *1386
6165 LTABlhI - 0 *1387

GO TC 2165 *1388
2155 NVARZ = N'ARZ * 1 *1389

LA8EL 1 I *1390
REAC I N,5800 )IZTIJ,N),TVARZ(J,N), J,LIAB) *1391
DO 2160 J=2,LTAe *1392
DTX - TVARL(JN)-TVARZ(J-1,N) + 1.0:-12 *1393
SLOZ(J,h) - ZTIJ,N)-ZT(J-1,N)I/DTX *1394
IF(DTXl 6170, 6170,2160 *1395

6170 KWI - 12 *1396
2160 CGNTINUE *1397

SLOZItNJ - SLCZ(2,N) *1398
WRITE ( P,5825 )(ZT(JN),SLOZ(JNITVARZ(JNIJzlLTA8I *1399
IF(LTAB - M912165,21659 6175 *1400

6175 KwIT = 12 * 1401
2165 LTAe XAeSFILTABE(N)) *1402

IFILTAB - 2) 6180,2170,2170 *1403
6180 LTAEEIh) a 0 *1404

GO TC 210C *1405
2170 NYAPE * NYARE + 1 *1406

LABEL = 1*407
REAC C N8,5800 )IETIJNITVARE(JNI JoLTAB) *14ey
00 2175 J - 2LTAE *14C9
DtX (TVAREIJ,N)-TVAREIJ-1sN)) + I.CE-12 *1410
SLOEIJ,h) (ET(J,N)-ETCJ-1,NI)/OTX *1411
IF(ETX) 6185, 6185,2175 *14L2

6185 KWIT = 12 *1413
2175 CONTINUE '1414

SLOElI,h) x SLCE(2,N) *1415
WRITE M,5830 IETIJN),SLOEIJN),TVARE(JN),JlLTAB) *1416
IF(LTA - M912100,2100, 6190 *1417

61,0 KWIT = 12 *1418
GO IC 210C ,1419

218U NEWEL(2) NEWELM2) 1000 *1420
RETLRN *1421

C CPLETEC BLCCK 3. *1422
31Co IBLCCK - 2 *1423

CALL REFEP(KAKAX,KYATKEMNKEM) *1424
CALL REFEP(KeqKeXNMATKEK#NKEMI *1425
IFKIT14700v 6195,4700 *1426

6195 RGAS 1.987 *1427
CCC FIND NCCE REACTION EATS, COLL. FREO., AND ACTIVATICN ENERGIES. *1428

00 3110 a 1,NOCES *1429
CAMN) - . *1430
Calh) - C. *1431

ZAIN) = 0. *1432
MN - . *1433
EAN a 0. *1434
EBINM = 0. *1435
LA a KAIK(DPA*TIN) *1436
IF(LA13105,3105, 2O 1437

6200 QAMN) CILAI *1438
ZAIM) - ZTIILAJ *1439
EA(N) = EIILA) *1440

3105 LB a B(KCCPAT(N) $1441
IF(LB13110,3110, 6205 *1442

6205 QWMNI CT(,LE) *1443
ZB(ft) Z1,LeJ *1444
EBINM - ETIILe) *1445

3110 CONTINUE *1446
42o FORC = FOP*CELT 1447
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IF(ACW)4300,4300, 6210 *1448
6210 IF(KCYC - 14300.4205, 6215 *1449
6215 IF(IKOTA)4300,430O, 6220 *1450
6220 IFINVARZ NVARQ * NVARE)4300,4300, 6225 *1451
6225 CCNTIhUE *1452
4205 WRITE I m,5810 1 FIN *1453

00 4215 A a NOCES *l454
J NCDPATIN) *1455
IFIXAIJ)) 6230, 6230,4210 *1456

6230 IF(K8JI)4215,4215, 6235 '1457
6235 CONTINUE *1458
4210 WRITE I ,5815 NGOENNKAXIJ),KBXtJ),HEFTIN), *1459

I CAlhI,ZA(h),EA(NI,QS(N ,ZBIN),E8(NI *1460
4215 CCNTINUE *1461

WRITE I P,5805 I FIN *1462
4300 IFtNVARC4400v44OC 6240 *1463
6240 CCNTINUE *1464

CCC FINC NEU I-EATS OF REACTION. *1465
DC 4360 N a INOCES *1466
IFIKAIhCCMATINI0) 6245,4305, 6245 *1467

6245 NM 1 *1468
K - KAINCCMATlI)) *1469
LTAS LASClI) *1470
BETA CAIN) *1471

GO TC 431C *1472
4303 IFIKBlNCOPAT(N))) 6250,4360, 6250 *1473
6250 NN 2 1474

K KCCMATlI)) *1475
LTAB LTABCIK) *1476
BETS C(N) *1477

4310 IFLTAR) 6255,4355,4315 *1478
6255 SET SUPTIP * FCRC *1479

GO TC 4320 *1480
4315 L *1481

DIF1M12)94,94,93 *1482
93 CCNTINUE *1483

L - LCCKIN,3) *1484
S4 CCNTINUE *1485

SET TIL + FCRO*CCTIL) *1486
432u MIN *1487

PAX = XAESF(LTABI *1488
4325 MID (Pik * MAX)I2 *1489

IFISET - TVARC(MtICK)14330,434094335 *1490
4330 MAX = 10 *1491

IFIPAX - 2)4340,4325,4325 $1492
4335 MIN = IC *1493

IFIPAX - MIN - 214340,4325,4325 *1494
4340 SET = T(PID.K) + SLCCIMIO+1,K)*(SET - TVARQ(l0lK)) *1495

GO IC 4345,4350),NN *1496
4345 QAIh = SET *1497

BETA - ICO.O*ABSFI(eETA - QA(N)I/l.CE-24 BETA)) *1498
OTMAX AXIFICTMAX,8ETA*TVARY) *1499
GO TC 4305 *1500

4350 QMIN) = SET *1501
BETS LOO.O*ABSFIIEETB - QB(N))/l1.CE-24 + ET8)) *1502

DTYMAX XIFICTMAXeET8*TVARY) *1503
435i GO TC 4305,4360),NN $1504
430 CCNTIhUE *1505
CCC FINC NEW COLLISION FRECUENCIES. *1506
4400 IFlhVARZ)4500,4500, 6260 *1507
6260 00 4460 N a 1,NOCES *1508

IFIKAINCCPAT(h))) 6265,4405, 6265 *IS09
6205 NN = *1510

K KA(KCCMATIN)) *1511
LTAB = LTABZIK) *1512
BETA AIN) *1513
GO TC 4410 *1514

4405 IF(KB(NCCPATINI)J 6270,4460, 6270 *1515
6210 NN 2 *1516

K KCMATINI) *1517
LTAB LTABZtK) *1518
BETS ZeIN) *1519
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4410 IFfLTA8I 6275,4455,4415
6275 SET SUPTIM FCRC

GO TC 4420
4415 L 

DIF(I'12)96,96,$5
95 CON7INUE

L LCCKIN,4)
96 CONTINUE

SET = TIL) + FCRD*COT(L)
4420 MIN I

MAX XAESFILTAB)
4425 MID = IPIN + MAX)/2

IF(SET - TVARZ(MIC,K))4430,4440,4435
4430 MAX MID

IF(FAX - 24440,4425,4425
4435 MIN = MID

IFIMAX - FIN - 214440,4425,4425
4440 SET = ZT(IIOK) * SLCZIMID+l,KI*(SET - TVARZEMID*KIll

GO TC (4445,4450),N
4445 ZAIN) - SET

BETA - CO.O*ABSF((EETA - ZAIN))/II.OE-24 BETA))
OTMAX z MXIFICTMAXEETA*TVARY)
GO TC 44CS

4450 ZBIK) = SET
BETE s 100.O*AESF((BET - ZB(N)l/(l.OE-24 4 BETBI)
OTMAX MAXFICTMAXEETB*TVARY)

4455 GO TC 4405,44601ohN
4460 CCNTINUE
CCC FINC NEW CTIVATICN ENERGIES.
4500 IF(NVARE)4600,4600, 6210
6280 DO 4560 N - 1,NOCES

IFIKAINCCMAT(h))) 6285,4505, 6285
6265 NN I

K KEMATEN[)
LTAe LTAEE(K
BETA EAMN)
GO TC 4510

4505 IF(KBINCCtAT(N))) 6290,4560, 6290
6290 NN 2

K - KMOCMATIN))
LTAB LTABEIK)

BETt EBIN)
4510 IF(LTABI 6295,4555,4515
6295 SET SUPTIM + FCfC

GO TC 4520
4515 L N

DIF1M1298,98,97
97 CONTINUE

L - NLCCKIN,5)
98 CONTINUE

SET = TIL) FCRO*COTIL)
4520 MIN 1

MAX = XAESFtLTABI
4525 MID MIN MAX)/2

IFISET - TVARE(MlCKfl4530,4540t4535
4530 MAX = I

IFEPAX - 2)4540,4525,4525
4535 MIN - MID

IFIPAX - MIN - 24540,4525,4525
4540 SET (ETIMICK) SLGEIMID+IK)*ISET - TVAREEMID*KlI)

GC TC (4545,4550),hN
4545 EA(h) - SET

BETA 10C.O*AESMESET - EAMNMl/El.OE-240BETA))
DTMAX = FAXlFECTMAXEETA*TVARYl
GO TC 4505

4550 EB4N = SET
BETE - 100.0*AESFU(BETe - EB(N2I/(l.0E-24+SET8JJ
OTMAX - MAXlF(CTMAXeETB*TVARY)

4555 GO TC 4505p4560,NN
450 CONTINUE
CCC FIND CCNCENTRATION ANC TEMP CPANGE IN NODES.
4600 00 4630 A - 1gNOCES

*1520
*1521
*1522
*1523
*1524
*1525
*1526
*1527
*1528
*1529
*1530
*1531
*1532
*1533
*1534
*1535
*1536
*1537
*1538
*1539
*1540
*1541
*1542
*1543
*1544
*1545
*1546
*1547
1548
*1549
*1550
*1551
*1552
*1553
*1554
* 1555
*1556
*1557
1558
*1559
*1560
*1561
*1562
*1563
*1564
*1565
*1566
* 1567
*1568
*1569
*1570
*1571
*1572
*1573
*1574
* 15 75
*1576
*1577
*1578
*1579
*1580
*1581
* 15 82
*1583
*1584
*Is59
*1586
*1587
*1588
*1589
*1590
*1591
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KI a KAICOATIN)I
K2 KNCDPAT(N))
TEX = PAXIFI1.OE-12,RGAS*ITlN) 4 FORC*CCTIN) TBASEI
IFIKI 6300,4615. 6300

6300 IF(A(h))4605t46I5 6305
6305 DEXA CELT*AIN)**CORC(Kl)*EXPF(MINIFI5C.0,ZA(N) - EA(N)/TEX))

- IF(A(h) - OEXAI4605,4610,460--
4605 DEXA A t-
4610 DYIM) = 01(N * QM(NI*CEXA*HEFTIN)/CAP(N)

DAID = DAIN) - DEXA
4615 IFIK2) 6310,4630, 6310
6310 IF(BNf)4620,4630, 6315
6315 DEXE = CELT*e()**CoRC(K2)*EXPF(MINIF(5C.0,ZB(N - EN)/TEX))

IfMEIN) - DEXB)4620,4625,4625
4620 DEXE =elh
4625 DT(IP) CT(N) + Gt(N)*CEXB*HEFT(N)/CAP(N)

08(h) = CE(N) - tXB
4630 CCNIINUE
5800 FGRPAT 18E10.3)
5805 FORPAT(IOX,IOO(Hz),AI)
581u FORPAT(OX,13HREACTANT DATA,//, IIX,4HNOOE,4X.6HA B,4X,4HPASSv

I 8Xt2HCA,1OXt2HZAlOX,2HEAlOX2-QBlCX2HZB,IOX,2-EB,Al)
58L5 FCRPAT(I0X,315,1X,lP7E12.4)
5820 FOROATt2CX2HcT12x5HSLCPEIOx5HTvARg/,(l5xlp3El5.6))
5825 FCR'AT(/2OX2HZT12xsHSLCPEIOXSHTVARZ/,tl5Xg1P3E5S.6))
583u FORPATI(2OX2HET12X5HSLCPEOX5HTVARE/,(ISX,P3EI5.61)
5835 FORI'AT(15(lH),177PRE THAN ALLOWED*I5tI5H ITEMS IN BLOCK913)
5840 FORPATfA5s415,5X3E10.3vIOAI)
5845 FoRPATf//,IOX,36HNAME REACT INDEX LTA8Q LTABZ LTA8E,8X,2HQT~lIXv

1 2HlTIIX,2HET, llXv5-ORDERAI)
5850 FORPA IIOXAs5l7,4l6,3XlP4EI3.5)
S8Z CCNTIKUE
4700 RETLRN
CCC END C CHEM. GG tACK TO HEART.

END

* CARCS CCLUMN GEN
* LIST 8

<B * FORTRAN GEN TRUMP HEAT GENERATION SUBROLTINE.
SUBRlCLTINE GEN

C**'*****VERSICK 520/6q.
C*******CEN IS AN CPTICKAL SUBROUTINE. IF NOT NEEDED, SET M 0.

USE STORK
USE STCRE
USE STAP?
DIF(08)9a2,982t98

981 CONTINUE
C********LSEC CLY I GEN. COULD BE REPLACEC BY A CIMENSICN STATEMENT.

CCMPCK /AGEN/ GTI09,081, LTA8GIMS, NODGMe), NOXG(Pel,
I SLOG(P.9,M81, TVARG(M9,M81

C*******SARRAYS USED CNLY IF SUBROUTINE GEN IS USED, G IN THERM,
C******** GEN, AC rALLY, GG IN TALLY ONLY.

COMPCh /AGENS/ G(IP4), GGIM4)
DIf lP12)972,972,971

971 CONTINUE
C*******ARRAYS USEC ONLY IF THE REMOTE TEMPERATURE CEPENCENCE OPtlCN IS
C******* USED (ELOCK 12). USED IN THERM, CEM, GEN, FLOW, AND SLRE

COPPON /REMS/ NLCCKIP498)
972 CONTINUE

IF(KCVC) 6100,310C,4200
6100 CONTINUE

CCC INPUT DATA eLCCK 8. INTERNAL VARIABLE HEAT GENERATICN LIST.
N NARG
LA8EL 3 
IF(FCC)2LCO, 6105,2100

6105 N = VARG = 0
210L REAC I NB,5815 )NIthSEQvNAOGvLlsFI(J)vF2(J)9J 1,3)

IFINI) 6110,2165, 6110
61lu LTAB a XESFILI)

IFILTAB - 2) 6115,2105,2105
6115 L = LTAB = 0

IF(F211)2125, 6120,2125

* 15*§2
* 193
*1594
*15q5
* 1 396
*1597
'1598
*1599
*160C
* 1601
*1602
*L603
*1604
* 1605
*1606
'1607
*1608
$1609
*1610
*1611
* 1612

*1613
*1614
*1615
*1616
*1617
*1618
'1619
*1620
'1621
*1622
'1623
*1624
* 1625
'1626
* 1627
*1628
* 1629
*1630
*1631
$1632
*1633
*1634
*1635
*1636
*1637
*1638
*1639
*1640
*1641
* 1642
* 1643
*1644
* 1645
* 1646
*1647
* 1648
* 1649
*1650
*1651
* 1652
* 1653
*1654
'1655
*1656
*16t7
*1658
* 1659
*1660
*1661
* 1662
*1663
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612U F2(1) 1.OE-24 *1664
GC C 2125 01665

2105 IF(LTAe - 42115, 6125, 6125 $1666
6125 lF(LT3E - 9)2110921109 6130 *1667
613u KhIl 12 *1668
211C REAt I NE5800 IFlUI F2IJ) J 49LTAS) *1669
2115 DO 2120 J 2LTAE *1670

DIX (F21JI) - F2(J-1fl + 1.0!-12 $1671
F31J. = If1lJ) - FI(J-ll/OTX *1672
IF(CfX) 6135, 6135,2120 *167

6135 KWIh = 12 *1674
2120 CCNIINUE *1675

F3111 F312) *1676
2125 IF(PCC) 6140,213092130 *1677
6140 CALL SEEK1INhINCXGNVARGK) *1678

ITEPSI 81 = XINOFIN - ITEMSI 8)) *1679
GC C 2135 *168C

2130 N NVARG = N * 1 *1601
2135 IFIN - P812140,2140, 6145 *1682
6145 N NVARG = Pt *1683

KWhT 11 *1684
WRITE I MW,5830 INIELOCK *1685
PRIbT 5830 ,NBlLCCK *1686

2140 NOOGIN = NCXGIN) = NI *16e7
LTAEGIN) s LI *1688
GT(lNI FI) *1689
TVARGI1lhl = F211) *1690
IFILI)2145t 615092145 *1691

6150 LABEL 1 *1692
WRITE I Y,5825 ) FIN *1693

2145 IF(LAeEL)2150,2150, 6155 *1694
6155 LABEL =0 *l95

WRITE I M,5820 ) FIN *1696
2150 WRITE I "95805 )NCOGININLTABGIN),GT(1,N),TVARG(1,N) *1697

IFILTAB)2160,21609 6160 *1698
6160 00 2155 J a 2,LTAe *1699

GT(JNhI * FIJ) *1700
TVAPGIJN) s F21J) *1701
SLOGIJvh) - F31J) 01702

2155 CONTINUE *17C3
SLOGI1lN) = F3(1) 1704
WRITE ( P'5810 )(GT(JN),SLOGIJN),TVARGIJN),s 2,LTAB) *1705

2160 IFINSEQ)2100,2100, 6165 *1706
6165 NSEC = NSEQ - 1 *17C7

NI NI * NACG *1708
GO C 2125 *17C9

2165 RETLRN *1710
C CPLETEC LCCK 8. *1 11
310(0 IFINVAAG)3105,31059 6170 *1712
6170 IBLCCK 8 *1713

CALL REfEPINCCGNCXGNVARGNOCENOCES) *1714
3105 IF(KWIT)4700, 6175,47CO *1715
6175 DO 3110 - 1,NOCES *171b

GI = GINI*VCLIN) *1717
3110 CONTINUE *1718
4200 FORC a FGP*CELT *1719

IFINVARG)4300,4300, 6180 *1720
6180 CONTINUE *1721
CCC FINC NEo FEAT GENERATICN RATES. *1722

00 4255 N a INVARG *1723
J CCGIN) *1724
K K *1725

DIF(P12194t94,93 *t1726
93 CGNTIKUE *1727

K a LCCKIJ,6) *1128
S4 CCNTINUE I 72,s

IFILTAGIKI) 6185,4235,4205 *1730
61c5 SET SUPTI * FCPD *1731

GO TC 4210 '1732
4205 SET - TIK) + FCRD*CCT(KI *1733
4210 MIN = 1 1734

MAX XAeSFILTABGCN)) *1735
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BE! s GJI *1736
4215 MI - 4'I + MAXI/2 *1737

IFISET - TVARG(MiCN)4220,4230,4225 *1738
4220 MAX 10 *1739

IFIPAX - 2)4230,4215.4215 *174C
4225 MIN IC *1741

IF(PAX - MIN - 2)4230,4215,4215 *1742
4230 G(J - VCL(J)*(GTIMIC9N) + SLOGIMID1+,N*( SET - TVARGIHIDN1)I *1743

BET 100.O*ABSF(IIET - GIJ))/IBET * I.CE-121) *1744
OTMAX MAXFICTMAX,8ET*TVARY1 *1745
GO TC 4255 *174b

4235 SET 0.69314718/TVARGlIN) *1747
SETt P MAXIF(-60.0,MINlFISET*OELT,60.03) *1748
SETS s MAXIF(-60.0,1MNlF(SET*SUMTIM,60.C3) *1749
IF(ABSF(SETC - .OE-51 6190, 6190,4240 *1750

6190 SET = EXPFI-SETS)*(I.O - 0.5*SETDI *1751
GO TC 4245 *1752

4240 SET - EXPF(-SETS)*(I.O - EXPFI-SETD))/SET*DELT1 *1753
4245 IFISET - .OE-24) 6195, 6195,4250 *1754
6195 SET 0. *1755
4250 G(J) = VCLIJ)*GTII,N)*SET *1756
4255 CONTINUE *1757
CCC FINC TEtPERATURE CANGE FROM INTERNAL HEAT GENERATICN. *1758
4300 DO 4305 N - INOCES *1759
4305 OTMI OTIN) OELT*G(N)/CAP(N) *1760
5800 FCRPAT (8E10.3) *1761
5805 FORMATIIOX,316,3X, PEIS.6,15XE15.6) *1762
5810 FORPATI3lX,1P3El5.6) *1763
5815 FORPAT 415,6E10.3) *1764
5820 FORPAT(//,12X,16HNCODG INDEX LTABG,8X,2HGt,12X,5HSLOPE,11X,5HTVARG, *1765

I Al) *1766
5825 FCRMATI/,IOX,66HFCLLCWING NODE HAS GIN) GTIvN)*E)PFI-0.69315*SU *1767

lMTIl/TVARGlIN)3,A1) *1768
5830 FCRPAT(15(IH*17HMORE THAN ALLCWECI5,15H ITEMS IN BLOCK,13) *1769
982 CONTINUE *1770
4700 RETLRh *1771
C CCMPLETED GEN. RETURN TO EART. *1772

END *1773
*1774

* CARCS CCLUPN FINK *1775
j sS)J * LIST 8 *1776

g * FCRTRAN FINK TRUMP INTERNAL HEAT FLOW LBROLTINE. *1777
SUBRCUTINE FINK *1778

C********VERSICA 5/20/69. *1779
C********FINK IS A REQUIRED SUBROUTINE FOR HEAT CONDUCTION PROBLEMS. *1780
C********A NUPBER CF PRCELEMS INVOLVING FLOW, CHEMICAL REACIION, HEAT *1781
C********GENERATION, CONVECTIVE AND RADIATIVE TRANSPORT, ETC., MAY BE *1782
C********SCLVEO WHICH DC NOT RECUIRE FINK. *1783

USE STORK *1784
USE STCRE *1785
USE STOR *1786
IFIKCYC) 6100,3100,4200 *1787

6100 CONTINUE *1788
CCC INPUT CATA eLCCK 5. INTERNAL THERMAL CONNECTION LIST. *1789

N CCCN *1790
L 0 *1791
IF(PCC)2100, 6105,2100 *1792

6105 N NCCCN - ORAD - 0 *1793
2100 REAC I NB,5805hlN2,NSEQNACINA02,NZPlP2,DLONGORAONXlNX2 *1794

IFhl) 6110,2155, 6110 *1795
6110 P1 PSCALE *1796

P2 P2*SCALE *1797
DLONG = OLCNG*SCALE *1798
DRAO = ORAO*SCALE *1799
IFINZ)2105,2105, 6115 *1800

6115 NZ 0**1Z *1801
NADI NACl*hZ *1802
NAD2 - NAC2*NZ *1803

2105 CALL PATCPklNXll.E12,HINTSLBH) *1804
CALL PATCI(NX2oO.0,RINTSLBR) *1805
IFIL8R) 6120,2110, 6120 *1806

6120 NORAD NCRAD * I NSEQ *1807
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FI1l8P) 6125,2115, 6125 *1808
6125 CCNTIUE '1809
2110 IF(PINTS)2120, 6130,2120 *1810
6130 CONlINUE *1ell

2115 HINTS 1.OE-24 *1812
212u ADD - 0.0 *1813

IF(CR6D1 6135,2125,2125 *1814
6135 ADD -(RAC + ORhCSI *1815

DRAC CRADS *1816
2125 FOCCI 6140,2135,2135 *1817
6140 CALL SEEK2(N,NN2,NCXl,NOXZ,NOCON,K) *1818

IFIK12130,2130, 6145 *1819
6145 IFlRINTINI) 6150,2130, 6150 *182C
6150 NORAO NRA - 1 *1821

2130 ITEVS( 5) XINO0IN - 1,ITEMSI 5) $1822
GO C 2140 *1823

2135 N itNCCCN N + 1 *1824
2140 IFI - P52145,2145, 6155 *1825
6155 N NCCCN 5 *1826

KWIT = 11 *1827
WRITE I PW,5835 INIeLOCK *1828
PRINT 5835 thI8LCCK *1829

2145 NCD1(N = NCXl(NI = NI *1830
NGD21N) = NCX2(N) = 2 *1831
DELlCNI = PI *1632
DEL2(N) * P2 *1833
HINT(K) = HINTS *1834
RINT(N) - RINTS *1835
DRAC CRAOS = ORAC ADD *1836
AREAI GECM*OLCNG*SCALE*(DRAD/SCALE)**KSYM *1837
L - L * 1 *1838
IFIXPCCF(L-1,57))2150, 6160,2150 *1839

6160 WRIlE I M,5810 FIN *1840
2150 WRITE ( 1',5800 )NCCI(NiNO021NtNCELIIN),CEL21NI, *1841

I OLCNGCRAD.HlT(NlRINTIN),AREA(NI *1842
IFSEL32100,2100, 6165 *1843

6165 NSEC = SEQ - I *1844
NI NI * NACI *1845
N2 2 * NC2 *1846
GO ItC 2125 *1847

2155 RETLRN *1848
C CPLETED BLCCK 5. *1849
3100 18LCCK 5 *1850

CALL REFER(NCGeNCX1,NCCONNOGENODES) *1851
CALL REFER(NG2,NCX2,NOCONNOOENOCESI *1852
IFIKWIT)4700, 6170,4700 *1853

6170 CONTINUE *1854
CCC CALCULATE CCNDUCTANCE OF INTERNAL CONNECTIONS. *1855

DO 3105 N - NOCCN *1856
NI NCC1(NI *1857
N2 a NCC2IN) *1858
T = TASE TINI) *1859
T2 a TEASE + TN2J *1860
012 = PAXlF(1.OE-24,AeSFfTl - T2)) *1661
RINTR MXlF(0.0,PINT(N)l*SIGMA *1862
RINTC = PAXlF0.u,-RIhTIN)I *1863

RAD x RINIR *(T1 T2)*(TL*Tl + T2*T2) *1864
RAD a .O/(RAC hINTIN)*CT12**RINTC) *1865
TRANIN) * AREAINl/CEL1INl/CONIN1l + OEL2INI/CONIN2) * RADI *1866
DFIINI = C. *1867
FIlM = O. *1868

3105 CCNINUE *le69
CCC FINC CTAL HEAT FLUX ACROSS EACH INTERNAL CONNECTION. *1870
4200 IF(KWIT)4208, 4202, 420 *1871
4202 DO 4205 N = 1, NOCON *1872
4205 FI(N) FI(N) + DFI(N)
4208 IF(NOW)4300, 4300, 6175 *1873
6175 IFIKCYC - 114300,4210, 6180 *1874
6180 IFlKCATAI4300,43CO, 6185 *1875
6185 CONTINUE *1876

ccC WRITE cuT POPERTIES Of EACH INTERNAL CONNECTION. 187?
4210 WRIIE I #,5820 I FIN 01 i8

rx a PAxLF(SUTI - Ul.OE-l2J jpirq
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DO 4220 h a I,NOCCh *f8
IFI~CCFI-1957)142159 6190t42li $1sa1

6190 WRITE I M,5825 FIN *le82
4215 FX 8 F1F)/TX *1883

FXX = DFI(N)/DELTS 4- .OE-24)
WRITE F,95830 I OXlINI, NX21NI, AREAIN1, *1884

S HhTIH RMiN, TRANIN), FI(N), FX, FXX *18N5
4220 CONTINUE 01886

wRIlE po581 I FIN *1887
CCC FIND NEw CCNCUCTANCES CF INTERNAL CONNECTIGNS. *1888
4300 IFIOVARK 4 NCRAD)4400,4400, 6195 *1889

6195 FORD FCR*CELT *189C
00 4310 - NOCCN *1891
N = CC1IN) *1892
N2 NCC2(Nl *1893
IFIPINTINI)4305, 2C0,4305 *1894

62UO J = NCOPATINII *1895
J2 NCOPATIN2) *1896
IF1LTA8KtJ1)14305, 6205,4305 *1897

6205 IF(LTABKIJ2I) 6210,4310, 6210 *1898
6210 CONTINUE *1899
43U T1 TBASE + TINI) + FCRD*ODT(NI *1900

T2 TASE + TN23+FCRC*00T(N2) *1901
OT12 = PAXIFII.OE-24,AeSFIT - T2l *1902
RINTR MAXIFIO.O,RIhT(Nll*SIGMA *1903
RIhTC - FAXIF(O.0,-RINTINI) *1904

RAO - RINTR *1TI T2)*(TI*TI T2*T2) *1905
RAO .O/IRAC * F1NT(NI*CT12**RINTC) *1906
TRAhkiN - AREAINMCIDELI(NI/CONINI) * OEL2(N)/CON(N2) * RAD) *1907

4310 CONTINUE *1908
CCC FINt TEPPERATURE CNGES IN NODES CUE TO CONOLCTION. *1909
4400 DC 4405 a 1,NOCCN *19LO

N = OClINI *1911
N2 OC2N) *1912
lIPINI) s ZIPIKi) + TRANIN) *1913
ZIPIh2) - ZIPIN21 + TRANIN) *1914

HEX = ELT*TRAKINI*IT(N21 - TINIII *1915
OFIIN) = HEX *1916
FINI) = CFINI) + EX *1917
DFlN = OFIN2) - HEX *1918
DTIl - CTINI) * -EX/CAP4NL) *1919
OTNM) = OTINZ - EX/CAP4N2) *1920

4405 CONTINUE *1921
5100 FGRFAT(IOX,15,16,15,1P7E12.4) *1922
5805 FORPArI215,313,11,4E10.3,20AI) *1923
5810 FCRPAf(//vlIX.93HNCC1 N002 INDEX DELI DEL2 DLONG *1924

S ORAC HINT RINT AREA,Al) *1925
5815 FORPATIOXtLOOlH*),A1) *1926
5820 FORPAMt10X,53HINTFRNAL CONNECTION DATA. CHECK CONDLCTANCES (ITRANI *1927

1.,/,15X,94HLARGE CIFFERENCES BETWEEN CONNECTIONS MAY BE OLE TC PO *1928
ZR ZCNING, AND AY PRCUCE POOR RESULTS.,AI) *1929

5825 FORPATI/,1OX, 100H NCOI NOD2 AREA HINT RIT *1930
S rRAN -EAT FLOW AVG RATE LAST RATE, Al) *1931

5830 FORPIATII3X,216,1X, 7E12.4) AAAAA *1932
5835 FCR.ATI151IH*),17-0ORE THAN ALLOWED,15,15H ITEMS IN LOCK,13) *1933
47uu RETLRN *1934
L LCPPLETEC FINK. RETU4N TC HEART. *1935

END *1936
*1937

CARDS CCLUMN FLCW *1938
* LIST 8 1939
* FORTRAN FLCW TRUMP MASS FLOW SUBROUTINE. *1940

SUBFCUTINE FLCW *1941
C********VERSICh 5/20/6;. *1942
C*******FLCh IS AN CPTICNAL SUBROUTINE. IF NOT NEEDEO, ET MC s C. *1943

USE SIGRK *1944
USE STCRE *1945
USE STCRP *1946
DIPF(10)982,982,9d1 *1947

981 CONTINUE *1948
C********USED ONLY IN FLCW. COULD BE REPLACED BY A DIMENSION STATEPENT. *1949

CCPPCK /AFLCW/ FLIKT(M41, FLIPSIM4), FLOPS(M4)o FLOLTM4I, *1950
I CELFIIPIO), CELF21MIOI, FLAPS(MIO), FLOWT(MS,P.O), *1951
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Z LIABFL(MIC), CXFl4MIOI, NOXF21FI1C, *1952
3 SLCFLlP9,f1OI, TVARFL(M9,MIO) *1953

C***t****RErUIREC IF FLLW IS USED, AFLOWS IS LSEC IN FLOW AND SPECK. *1954
CcMtCN /AFLCWS/ FLCWNIPIOI, NCFl'IC), NOCF21MI01 *19j5
OIF(P121972,972,971 *1956

971 CONlINUE *1957
C********ARPAYS USEC ONLY IF THE REMOTE TEMPERATLRE OEPENCENCE CPTICN IS *1958
C******** USEC (ELOCK 121. USEC IN THERM, CFEM, GEN, FLOW, ANO SLRE *1959

COVPCN /AREPS/ NLCOK(P4,8) *1960
S72 CONTINUE *ISt 1

OIFl'3194,94,93 *1962
S3 CCNTINUE *1963
C********RECUIREO WHEN Cl-Et IS USED, USEC IN CHEM, THERM, FLOk, TALLY. *1964

COMPCN /ACHEMS/ KA(M2), KAXIM2), KR(M23, KBX(121, *195S
L B(M41, 00(041, CB(M41, CCB(M4I *1%66

54 CCNTINUE *1567
IF(KCYC) 6100,3100,4200 *1968

6100 CCNTIKUE * 1969
CCC INPUT CATA ELOCK 10. MASS FLOW CONNECTION LIST. *1570

N NCFLCW *191
L 0 * 5I72
IF(PCC)21CO, 6105,2100 *1973

6105 N NCFLC = NVARFL 0 *1974
2100 REAC I NB,5810 )NIN2.NSEQNADFlNADF2,L1,NX1,D,02 *1975

IFINI) 6110.2170, 6110 *1976
6110 Dl 01*SCALE *1977

02 = 020SCALE *1978
OS Cl + C2 *1979
IF(CS12105, 6115,2105 *1980

6115 OX = X2 =0.5 *1983
GO TO 2110 *I82

2105 DXI 02/CS *1983
DX2 CI/CS *1584

211C CALL PAfC-.(NXIFONEFXLXX) 1985
LTAB XAESF(LI) *1986
IFILTA - 2 6120,2115,2115 *1987

6120 LTAE LI 0 *1988
GO IC 2130 *1989

2115 IFLTAB - M9)2120,2120, 6125 *IS90
6125 KWIT = 12 * 1991
2120 REAC I Ne5805 )(FI(J) F2(J), J 1,LTAB) *1992

00 2125 J = 2LTAE *1993
DTX = F2(JI - F2(J-1)) + I.OE-12 *1994
F31J) (Fl(J) - FJ-1l/OTX 01995
IflCTX) 6130, 6130,2125 *1996

6130 KWII 5 12 *1997
2125 CONIINUE *l9e

F311) F3(2) *1 99
NVARFL = NVARfL + I + NSEC *2COO

2130 IFIPCC) 6135,2140,2140 *2001
6135 CALL SEEK2NNlN2,NCXFINOXF2,NOFLOWK) *2002

IF(P)2135,2135, 6140 *2CGJ
614L IF(LYABFLIN)l 6145,2135, 6145 *2CU4
6145 NVARFL - VARFL - 1 *2005

2135 ITEPS1101 = XMINOFIN - IITEMS(10)) *2C06
GC C 2145 *2007

2140 N FLC N + 1 *2C08
2145 IF(N - P10)2150,2150, 6150 *2009
6150 N z NCFLCW MI *2010

KWIT = 11 *2011
WRITE I MW,5855 NIELOCK *2012
PRINT 5855 ,N,IBLCCK *2013

2150 NCDFI(N) a NCXF1IN) = hl *2014
NOOF2IN) = NCXF2(N) h2 *2C15
LTAeFL(N) LI *2016
FLOWN(N) FX *2011
OELFI() = CXI *2018
OELF2(N) = CX2 *2C19
L L + 1 *2020
IFIXtCCFIL-1,5?))2155, 6155,2155 *2021

6155 WRITE I V.5815 I FIN *2022
2155 WRIIE M,5820 )NGCFIN),NnCF2(NlNLTABFLIN),FLCN(NDlC2 *2023
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IF(LTAB)2165,2165, 6160
6160 DO 2160 J lLTe

FLOhTCJNI F(J)
rvARFL(JM 21J)
SLOFL(J,h) F3J)

2160 CONTNUE
WRITE I ,sa2s ( 3FLOWTIJ,N), SLOFLIJ,NI, TVARFL(JN),J * tLTA

XB)
2165 IF(NSEQZ2100,2100, 6165
6165 NSEC = SEC - I

N1 hl + NAOFI
N2 * 2 NAOF2
GO TC 2130

2170 RETURN
C COMPLETED BLOCK 10.
3100 IBLCCK 10

CALL EFER(NCCFINCXFNOFLOwNOOENOCES)
CALL REFER(NOCF2,NCXF2,NOFLOW,NOOE,NOCES)
IF(KWIT)47O0, 6170,4700

6170 CONTINUE
CCC CHECK PATERIALS, EIGPT FACTORS OF ASS FLOW CONNECTIONS.

DO 3115 h * NOFLOW
N1 hOCFIIN)
N2 - CCF2(k)
IF(NTYPE(Ih1-2)31C5 6175,3105

6175 OELFI(NI-1.0
UELF21h-30.0
GC TC 3110

3105 IF(NTVPE(h2)-2)3110, 6180,3110
610 OELF2(N)=l.O

DELFICN)-O.0
3110 IFENCCPAT(N1) - NCEPATN2)) 65,3115, 6185
6185 WRITE I MH5800 NNCXFI(N)ONOXF2(N)

PRINT 5800 ,NNOXFlIN),NOXF2(N)
3115 CONlINUE
CCC INITIALIZE NET FLCW ANC FLOW RATES FOR EACH NODE.

00 3120 h 1.NOCES
FLOFSh() * FLIPSIh) 0.0

3120 CONTINUE
DC 3125 h * 1,NOFLCW
FLAFS(N) - 0.0

3125 CCNTINUE
DO 135 h - 1,NOFLOW
Nl - CCF1IN)
N2 CCF2(N)

CCC REOROER CCNhECTION IN CIRECTION OF POSITIVE MASS FLCU.
IF(FLCWK(l)) 6190,3135,3130

6190 FLOWN(N) -FLCWNIK)
01 = CELFIIN)
NCOFIIN) a N2
NGXFIlN) zNCCE(N2)
DELFI(N) CELF2(h)
NODF2(h) a NI
NOXF2(Nl - NCCEINI)
DELF2(N) a Cl
NI * NCCFIIN)
N2 * NCCF21h)

CCC FINC NET FLOW RATES IN AND OUT OF EACH NOOE.
3130 FLOLT(NI) FLCUTlIN) * FLOWNINI

FLINTIN21 - FLINT(h2 4 FLOWNIN)
313s CCNTINUE
CCC START HERE CURING CYCLING.
4200 FORD 2 FCR*CELT

IF(KWIT)4210, 6195, 6195
6195 Do 4205 N 1,NOFLCW

NL * NCCFI(N)
NZ NCCF2(h)

FLOWIX OELTS*FLOWN(N)
FLAPSIN) - FLAPSIN) FLOWX
FLOFS(NI - FLCPS(NI) FLOWX
FLIPS(h2) - FLIPS(N21 t FLOWX

4205 CCNTINUE

*2024
*2025
*2C26
*2027
*2028

'2029
*2030
*2031
*2032
*2033
*2034
*2035
*2036
*2037
*2038
*2039
*2040
*2C41
*2042
*2043
*2C44
*2045
*2046
*2047
'2048
*2049
*2050
*2051
*2052
*2053
*2054
*2055
*2056
*2057
*2058
*2059
'2060
*2061
*2062
*2063
*2064
*2065
*2066
*2067
*2068
*2069
*2070
*2071
*2072
*2073
*2074
*2075
*2076
*2077
*2078
*2079
*2080

*2081
*2082
*2C83
*2084
*2085
*2086
*2087
*2088
*2089
*2090
*2091
* 2092
*2C93
*2094
*2095
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4210 IFINCw)43O0,4300, 6200 *2096
62UO IF(fCYC - 14300,4215, 6205 *2097
6205 IFIKOATA)4300,430U, 6210 *2098
6210 IFlNvARFL)4300,43O0, 6215 *2099
6215 CCNTINUE *2100

4215 WRITE M,5835 ) FIN *2101
rx = PAXIF(SUPTIM - TAU,1.OE-12) *2102
00 4220 N a NOFLOW *2103
FX = FLAPSIN)/TX *2104
WRITE M,5840 NOXFI(N)t,*OXF2(N),FLOWN(N),FLAPS(N)I, FX, *21CS

I DELFINh), CELF2(N) *2106
4220 CONIINUE *2107

WRITE I 9,5830 FIN *2108
WRITE ( Y,5845 I FIN *2109
DC 4225 h - INOCES *2110
IFIFLINT(N) * FLOUTIN)I 6220,4225, 6220 *2111

6220 DFLCT = EFTIN)/MAXlFIFLINT(N),FLOUT(N)) *2112
FXI = FLIFSCN)/TX *2113
FX2 = FLCFSIN)/TX *2114
WRITE P,5850 NCDE(NI,FLINTIN),FLOUT(N), *2115
S FLIPS(N),FLOFS(h),FX1, FX2, CFLOT *2116

4225 CONTINUE *2117
WRITE I P,5830 FIN *2118

CCC INIIIALIZE NET FLCW INTO ANO OUT OF EACh NODE EACH TIME STEP. *2119
4300 00 4302 N a I,NOCES *2120

FLINrINI FLCUr(NI 0.0 *2121
4302 CONTINUE *2122

IFINVARFL)4400,4400. 6225 *2123
6225 CCNTINUE *2124
CCC FINC NEW ASS FLOW RATES. *2125

00 4345 h z INOFLOW *2126
NI hCCFIIN) *2127
N2 = CCF2(NI *2128
K1 = NI *2129
K2 NZ *2130
DIPFI12)98,98,97 *2131

97 CCNTINUE *2132
KI = NLCCK(NI,7) *2133

K2 5 NLCCP(N2,7) *2134
98 CCNTINUE *2135

IFILTABFLIN)) 6230,4345,4305 *2136
62,0 SET = SUPTIM * FCPC *2137

GO TC 4310 *213d
4305 SET = ELFIINMI(TCKl+FORD*ODTIKI)+DELF2(NI*IT(K2)*FCRD*DOD1K2) 1 213S
4310 BET = FLCWN(N) *2140

M4 N 1 *2141
MAX = XAESFILTABFL(Nh) *2142

4315 MID = IPIN + MAX)/2 *2143
IF(SET - TVARFLItICh))4320,4330,4325 *2144

4320 MAX = IC *2145
IF(PAX - 214330,4315,4315 *2146

4325 MIN = MID *2147
IFI0aX - MIN - 214330,4315,4315 *2148

CCC FINC NE, NET FLOW RATES, CONOUCTANCE CONTRIBUTIONS CF MASS FLCW. *2149
4330 FLO,(NI = LCkTCI'C,N) SLOFLIMIC+I,N)*ISET - TVARFL(MIDN)) *2150
CCC REORDER CNNECTION IN CIECTION OF POSITIVE MASS FLC%. *2151

IFIFLCWK(N)) 6235,4340,4340 *2152
6235 FLOUN(NI = -LCWNlNI *2153

D = CELFIINI *2154
NOOFIN) = N2 *2155
NOXFI(N) = NCCE(N21 *2156
DELFI(N) CELF2(h) *2157
NCDF21N) a NI *2158
NOXF2(NI = NCDE(NL) *2159
OELF21N) = Cl *21(,O
Nl = NCCFI(N) *2161
N2 - GCF2Ih) *2162

4340 BET = 100.O*ABSF((BET - FLOWNIN)1MEBET 4 I.OE-12)1 *2163
DTMAX MAXIF(CTMAXtEET*TVARY) *2164

4345 CCNTINUE *2165
CCC FINC TEMPERATURE CANGES WE TO MASS FLOW. *2166
4400 DO 4405 = INOFLOW *2167

-22 1-



NI hCCFl(h) *21t8
N2 a CCF2(N) *216

CCC FIND CNTRIBUTION CF MASS FLOW TO CONCUCTANCE OF EACH NODE. *2170
ZIPlN2) ZIPNk2) + FLCWNIN)*CAP(N2)/hEFT(N21 *2171
FLIl'T(N2) = FLINT(K21 + FLOWN(N) *2172
FLOUT(NI FLCUTINjl 4 FLOWNfN) *2173
FLEXI = WNI)/I-EFI(N1I - FORO*CCAINll*HMELT(NODMATCNI)) *2174
FLEX2 = IN2)/PEFT(N2 - FORO*CCA(N2)*HMELTIN0CMAT(K2)) *2175
DTIil) CTIlI + FLCWNIN)*OELF2(Nj*IFLEX - FLEX2)*CELT/CAP(NlIl *2176
DTIh2R = CTCN2I FLOWhIN)*OELF1INl*(FLEXl - FLEX2)*CELT/CAPlh2) *2177

4405 CONTINUE *2178
DIF (13)96,96,95 *2179

95 CCNIINUE *218C
CCC FINC CHANCE IN CONCENTRATIONS CUE TO MASS FLOW. *2181

IF(hKEP)4700,4700, 6240 *2182
6240 CCNTIhUE *2183
C*******WARNIN**** PASS FLOW TRANSPORT OF CHEMICAL REACTANTS IS NCT *2184
C******** UNCChDITILhALLY STABLE. A MAXIMUM TIME STEP IDELTO) UST *2185
C******* BE SPECIFIEC, NO GREATER THAN TE LEAST RESICENCE TIME. *2186

DC 4505 h 1,NOFLOW *2187
NI = hOOFI(h) *2188
N2 hCCF2(hl *2189
FLOWX CELT*FLCWK(N) *2190
IF(XA(NCCPATlIlNI) 6245,4500, 6245 *2191

6245 IFl9A(NCCPATfN2))J 6250,4500, 6250 *2192
625O FLE = FLCWX*IAINII - A(N2) + FORD*ICCA(NII - CDOAIN )U *2193

DAINII CAIhl) + ELF2(NJ*FLEX/HEFTINI) *2194
DA(A2) CAIN2) + CELFI(N)*FLEX/HEFT(N2) *2195

4500 IFIB(hCCPATINI))) 6255,4505, 6255 *2196
6255 IF(s8jNCCPAT(N2))) 6260,4505, 260 *2197
6260 FLEE - FLCWX*(IENI - IN2) + FRO*(C08(N1) - CDB(N2))) *2198

DB(1l) = CBI1hl + CELF2(NI*FLEX/HEFT(NI1 *2199
DBIN2) = CB(N2) + CELFI(N3*FLEX/HEFTIN2) *2200

4505 CCNTIUE *2201
96 CONTINUE *2202

*2203
580U FORPAT(/IOX,20hMASS FLCW CONNECTION,15,5X,5HNODES,15, *2204

i 3AhOI5,5X,27HARE CF DIFFERENT MATERIALS.) *2205
5805 FORPATI8E10.3) *2206
5810 FORPAT(615,10AI,2E10.31 *2207
581h FORPAT(I/,llX,24HNCOFI NODF2 INDEX LTA8FL,3X,5HFLOWTIOX, *2208

1 5HSLCFL,1OX,6HJVARFL,9X,5HDELFIIOX,5HOELF2,AI) *2209
5820 FORPAT(LOX,416,IX,IPEI5.6,30X,2E15.6) *2210
5825 FORPAr(35X,3E15.6) *2211
5830 FORPAf(10X,100(1H=,AlI *2212
5835 FGRPAT(IOX,14HPASS FLCW OATA,//,1OX,7 HS0URCE SINK FLOW RATE *2213

I NET FLCW AVG RATE SOURCE WT SINK WT,A) *2214
5840 FORPATIIOX,2I6,1P5E13.5) *2215
5845 FORPAT(/,lOX,99H hGCE RATE IN RATE OUT NET FLO% IN NET *2216

IFLOU CUT AVG FLOW IN AVG FLOW OUT RESICENCE IMEAI) *2217
5850 FCRMATIIOX,I6,1P7E13.5) *2218
5855 FCRM*T(15(1H*),17-MORE THAN ALLOWED,15,15H ITEMS IN BLOCK,13) *2219
982 CGNTIhUE *2220
4700 RETURN *2221
C CCPPLETEE FLCk. RETURN TC HEART. *2222

ENO *2223
*2224

* CARCS CCLLMK SURE *2225
* LIST 8 *2226
J FORTRAN SURE TRUMP EXTERNAL HEAT FLOW SLB.FORTRAN-400 *2227

SUBPCUTlNE SURE *2228
C********VERSICK 527/6q. *2229
Cs*******SURE IS AN CPTICNAL SUBROUTINE. IF NOT NEEDED, SET M6 M7 = 0 *2230
C********ISEE USERS ANUAL FCR METHOCS OF TAINING VARIOLS TYPES OF *2231
C*******eCUNCARY CNCITIONS WITHOUT USING NPUT DATA BLOCKS 6 OR 7) *2232

USE STCRK *2233
USE STORE *2234
USE STCRM *2235
DIF(1P6)982,982,981 *2236
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981 CCNTINUE *2237
UIFI1P7)984,984,983 *2238

l8. CCNIINL1E '2239
C********USEC CNLY IN SURE. COULD BE REPLACED BY A DIMENSICN STATEFENT. *2240

COFPCN /SURE/ AR.IS(M6)9 FS(M6), I-SURE(M6)9 -SURTIFS.H6) *2241
I LTA81-(6)v NCXS(M6)t OCSB(M63, NOXSB(M61t PCkERtP6), *2242
2 RSUREIP6I, SLOI-I#49,M6) TVARF4I9,M), *2243
3 FE(P7), LI AET(F71I NOCB(M7 SLOT( P9t7P T17), *2244
4 reS1)71 rEmPe(M9,M72, IMEBIM9,M7), DFB(M7) *2245

C********PECUIREC IF SURE IS USED, SURES IS LSEC IN SURE AND SPECK. *2246
COMPPN /ASURES/ DFSIP6)1 NDSIM6) TRANSIM6) *2247
DIFIP12)972,972t971 *2248

971 CONTINUE *2249
C********ARRAYS USEC ONLY IF THE REMOTE TEMPERATLRE EPENCEKCE CPTICN IS *225C
C******* USEC MeLOCK 12). USED IN TERM, CEM, GEN, Fi, AND SLRE *2251

COPPCN /IREPS/ NLCOKI0498) *2252
572 CCNTlIUE *2253

IF(KCYC) 6100,3100942CO *2254
6100 IFlIBLCCK - 7) 6105,22009 6105 *2255
6105 IFIIBLCCK - 614700, 6110,4700 *2256
6110 CONTINUE *2257

CCC INPUT GATA ELCCK 6. EXTERNAL THERMAL CONNECTION LIST. *2258
N = CSCCN *2259
LABEL L 0 *2260
IF(PCCI2100 6115,2100 *22t1

6115 N hCSCCN NVARh NCRACS = NOPOWS = C *2262
2100 REAC I NB,5815 )NIN2,NSEQNADSNADSBLlOLONGtDRAONXIhX2,NX3 *2263

IFtNI) 6120,2195, 6120 *2264
6120 OLONG O CLCNG*SCALE *2265

ORAC = CRAOSCALE *2266
ADD = 0.0 *2267
IFICRAD) 6125,2105,2105 *22t8

6125 ADD -ICPAC + ORCS) *2269
ORAC = CRADS *2270

2105 CALL PTCPINX1,HONE,)XLXX) *2271
CALL ATCH(NX2,RONERXLXX) *2272
IFIRX) 6130,2110, 6130 *2273

6130 NORACS = NORACS I NSEQ *2274
2110 CALL PA7CI-(NX3vPONEPXLXX) *2275

IF(PX) 6135,2115, 6135 *2276
6135 NOP(kS = NOWS + I * NSEQ *2277

2115 LTA = XAeSF(Ll) *2278
IF(LTAB - 2) 6140,2120,2120 *2279

6140 LTAB L = 0 *22e0
GC C 2135 *2261

2120 NVARH hVARh * I + NSEQ *2282
IF(ITA - M9)2125,2125, 6145 *2283

6145 KWIT = 12 *2284
2125 REAC I Ne,5800 )F1IJ)t F2(JJ) J = 1,LTAB) *2285

00 2130 J = 2,LTAE *2286
DIX - F21J) - F21J-1)) + I.OE-12 *2287
F3IJ) IFlIJ) - FI(J-1))/DTX *2288

IFICTX) 6150, 6150,2130 *2289
6150 KWIT 12 *2290

2130 CCNTINUE *22il
F311) = F3(2) *2292

2135 IFIPCC) 615592155,2155 *2293
61:) CALL SEEK2INtlN2,NCXSNCXSBNOSCONKI *2294

IFI )2150,21509 6160 *2295
6160 IF(RSURE(f)I 6165,21409 6165 *2296
6105 NCROS = ORACS - 1 *2297
2140 IFALrABHM)) 6170,21459 6170 *2298
6170 NVAPH NVARH - 1 *2299
2145 IFfFCWERINfl 6175,21509 6175 023CO
6115 NOPCWS = CPCWS - 1 *2301
2150 ITEPS 6 = XVINOrIN - 1,ITEMS( 6)) *23C2

GG C 216C *23C3
2155 N NCSCON r N + I *23C4
2160 [FIN - 6)2165,2165, 6180 *2305
6180 N CSCCN * P6 *23C6

KWIT = 11 *23C7
WRITE I MW,5885 )NIELOCK *23C8
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PRINT 5885 ,h,IBLCCX *Z30q
2165 NOOS(N) = NCXSIN) N *2310

N00581N) NCXSB(N) N2 *2311
LTAEHIN) L *2312
HSUPEIN) HSURT(1,N) a HX *2313
RSURElh x RX *2314
POWEAINI a PX *2315
DRAC = CRAOS ORAC * ADO *2316
AREASIN s GEOP*DLCNG' SCALE*(DRAD/SCALE)**KSYM *2317
IFILABEL2170,217C, 6185 *2318

61Y5 LABEL 0 *2319
GO 1C 2175 *2320

2170 L L + 1 *2321
IFIXPCDFIL-1,57)12180, 6190,2180 *2322

61I0 CONTIhUE *2323
2175 WRITE I 1P,5820 ) FIN *2324
2180 WRITE I M,5825 NCCS(NINODSBININLTABHPNI,POhER(N), *2325

S OLChGCRAO,HSUREINI ,RSURE(N) , AREASIN I *2326
If(LT~a)2190,2190, 6195 *2327

6195 00 2185 J- ItLTAE *2328
HSUPTIJ,NI FJI *2329
TVARPHJoN) - F21J1 *2330
SLOHIJ,h) = F3(JI *2331

2185 CONTINUE *2332
LABEL 1 *2333
WRITE P 9,5830 (HISURT(JN),SLOHIJN),TARHiJNlJl,LTAB) *2334

2190 IF(NSEO)2100,2100, 6200 *2335
6200 NSEC NSE - 1 *2336

NI I * NAOS *2337
N2 a N2 * NACS8 *2338
GO TC 2135 *2339

2195 RETURN *2340

C CCOPLETEC BLCCK 6. *2341
CCC INPUT DATA BLOCK 7. EXTERNAL TEMPERATURE BOUNOARY NCOEI LIST. *2342
2200 N hCOBS *2343

LABEL = 1 *2344
IFI(CC)2205, 6205,2205 *2345

6205 N - NCOBS - NVART 0 *2346
2205 REAC I NB,5835 NI,L1,CFI(JlF21J),J a 1,3) *2347

IFIK1) 6210,2265, 6210 *2348
6210 IFPOlD) 6215,2215,2215 *2349
6215 CALL SEEKllNNlNCCBhCOBSK) *2350

IF(X)2210,2210t 6220 *2351
6220 IFILFABTIN)) 6225,2210, 6225 *2352
6225 NVART = NVART - *2353

2210 ITEPSI 7 2 XMINOFIN - 1,ITEMS1 7)) *2354
GC TC 2220 *2355

2215 N NCC9S N 1 *2356
2220 IFI - T)2225,2225, 6230 *235T

6230 N NCOES - P7 *2358
KUIT 1* 2359
WRITE I MW,5885 )N,ILOCK *2360
PRINT 5885 ,h,IBLCCK *2361

2225 NCOBIN) N *2362
LTAST(h) LI *2363
DO 2230 J 1,3 *2364
TEIPB(Jh) a FJ) *2365
TIFEBIJh) a F2(J) *2366

2230 CCN1IIUE *2367
LTAeT(K) * LTA a XAESFILTABTIN)) *2368
reIN) = TES(N) - EMPB(1,N) *2369
IFILTA - 100)2235, 6235, 6235 *2370

6235 LTAB 2 $2371
SLOTZh) - 0-0 *2372
IFMITIEBIItNI) 6240, 6240,2235 *2373

6240 TIMEBllNI x I.OE24 *2374
2235 IF(LASEL)2240,2240, 6245 *2375

6245 LABEL a 0 *2376
WRITE I P,5840 I FIN *2377

2240 WRITE I M,5845 )NGCBIN),NLTABTIN),TEMPBIIN),TINEBI1,NI *2378
IFILTAB - 2) 6250,2245,2245 *2379
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625t. LTAET(N) = 0 *2380
GC IC 2205 *2381

2245 NVAFT = NVART 4 1 *2382
IFILTAB - 412250, 6255, 6255 *2383

6255 LABEL = 1 *2384
REAC I N8,5800 ) (TEMP8(Jl4),TIME8JN), J4,LTA8) *2385

225u IFILrABT(hI - 1001 6260,2256,2256 *2386
620 DO 2255 J * 2,LTAB *2387

)TX = TI0EB(J,N)-TIPEEIJ-1,N)) * .CE-12 *2388
SLOTIJN = TEMPflJ,N) - TEMP8(J-I,Nfl/DTX *2389
IFICTX) 6265, 626,,2255 *2390

6265 KWI - 12 *2391
225v CONTINUE *2392
2256 SLOTI1,N) = SLCT(2,N) *2393

WRITE I 0,5850 )1TEwPP(JNSLOTIJN),TINEBIJN),J*2,LTABI *2394
IFLTAB - M9)2260,2260, 6270 *2395

6270 KWl = 12 *2396
2260 IF(LTAOT( - 100)2205, 6275, 6275 *2397
6275 WRITE ( 0,5880 I FIN *2398

GO TC 2205 *2399
2265 NEWEL(61 NEWeL(6) * 1000 *2400

RETURN *2401
C CCFPLETED BLOCK 7. *2402
310U I8LCCK = 6 *2403

CALL EFEP(NCCSNCXSNCSCGNNOOENOCES) *2404
CALL REFER(NCCSBNCXSBtNOSCONNODBNODBS) *2405
IF(KWITI4700, 6280,4700 *2406

6280 CONTINUE *2407
CCC INITIALIZE FLUX, CANGE NTYPE TO 1, UNLESS ALREADY 2. *2408

DO 3105 N-LNCSCCN *2409
FSINh)OFSIN)=O. *2410
N1NfCCS(N) *2411
N2-hTYPEINI) *2412
IF(%2 - 2 6285,3105, 6285 *2413

6285 NTYPE(NI) 1 $2414
IF(PZ)3105, 6290,3105 *2415

6290 NOSFEC = OSPEC + 1 *2416
3105 CONTINUE *2417

FLUXS = 0. *2418
CCC CALC CCNOLCTANCE ETWEEN SURFACE ANC BOUNDARY NODES. *2419

OG 3110 - 1,NOSCCN *2420
NI = NCOSINI *2421
N2 NCOSB(N) *2422

HSUPE(N) = SURT(l,N) *2423
TI = TBASE TINI) *2424
T2 = TW2) * TBASE *2425
DT12 PA 1Fl.0E-24,AeSF(T - T2 *2426
RAO = SIGPA*RSUREENI*(T1 T2)*ITI*T + T2*T2) t2427
TRAKS(N) AREAS(N)*IRAD HSURE(N)*DT12**POWERIN)I *2428
F8KI2) = C.0 *2429

3110 CONTINUE *2430
4200 FORC = FCP*CELT *2431

IFIKWIT)4300, 6295, 6295 *2432
6295 CCNTINUE *2433

CCC FINC TTAL HEAT FLUX ACROSS EACH EXTERNAL CONNECTION. *2434
DO 4205 = 1,NOSCON *2435
N2 NCSeIN) *2436
FSIN) = FSIN) + DFSIN) *2437
DFB(N2) DFB(N2) + DFSCN)
FBI2M = FBIN2) CFSIN *2438

4205 CONTINUE '2439
IF(KCW)4300,4300, 6300 *2440

6300 IFIKCYC - 14300, 6305, 6305 *2441
6305 WRIIE M,5865 I FIN *2442

TX = PAXIF(SUPTIM - TU,1.OE-12) *2443
FLUXS 0.0 *2444
FLUXSS 0.0
00 4210 = 1NOCeS *2445
FX FBIN)/TX *2446
FLUXS = FLUXS FIN) *2447
FLUXSS = FLUXSS + DFB(N)
FXX = DFB(N)/(DELTS + .OE-24)
WRItE ( M,5870 NCC8(N1, TINI, FIN), FX, FXX *2448

4210 CCNTINUE ,2449
FX = FLUXS/TX *2450
FXX = FLt'XSS/(DELTS .OE-24)
WRITE ,5875 FLUXS5 FX, FXX -225-



WRITE I M,5805 FIN *2452
IF(KCYC - 14300,4215, 6310 *2453

631u [F(KCATA)4300,43CO, 6315 *2454
6315 CCNIINUE *2455
4215 WRITE M,5810 I FIN *2456

DC 4225 N 1,hCSCCN *2457
FX FSIN)/TX *2458
FXX = DFS(N)/(DELTS + 1.OE - 24)
IF(XPCCFIN - 157))4220, 6320,4220 '2459

6320 WRITE ( W,5855 FIN *2460
4220 WRITE I ,5860 ) NCXSIN), NOXSB(N), AREAS(N), *2461

S HSURE(N), PCWERIMhRSUREINltTRANSIN), FS(N), FX,FXX *2462
4225 CCNTINUE *2463

WRITE W,5O05 ) FIN *2464
CCC FINC NEW ECUNCARY NOCE TEMPERATURES. *2465
430u IFINVARTl4400,4400# 6325 *2466
63z5 DC 4335 N NOCeS *2467

IFILTA8TIbNI 6330,4335, 6330 *2468
6330 BET T *2469

SET SUMTI + ELT *2470
IFILTASTINI - 10024305, 6335, 6335 *2471

6335 TBINI = SINF16.28318531*(SET * TIMEBI2,N))/ITIMEB1,NIMI *2472
TBIN = TEMP8I1,N) + TEMP812,NISTBIN) *2473
GC TC 4330 *2474

4305 MIN 2 1 *2475
MAX = LTAETIN) *2476

4310 MID = (PIN + AX)12 *2477
IFISET - TIWE2(MIC,Nf143L5,4325,432C *2478

4315 MAX - IC *2479
JFIAX - 2)4325,4310,4310 *2480

4320 MIN PIC *2481
IF (AX - MIN - 214325,4310,4110 *2482

4325 TB(N) = TEMPEB(PIOh * SLOT(MIC*1,N)*ISET - TIMEBIMIC,N)) *2483
4330 T8SIN) = ET FOK*(TS(N) - BET) *2484

OTMAX XFICTMAX,A8SF(BET - TBINMI) *2485
4335 CONTINUE *2486
CCC FINC NEW SURFACE -EAT TRANSFER COEFFICIENTS. *2487
4400 IFINVARHl)4500,4500, 6340 *2488
6340 00 4435 h IoNOSCON *2489

IFILTABHIN)) 6345,4435,4405 *2490
6345 SET = SUWTIW + FORC *24q1

G0 TC 4410 *2492
4405 Nl NOOSIN) *2493

NZ NCOSB(N) *2494
K1 N *2495
OIFIP1Z)94,94,93 *2496

93 CONTINUE *2497
Kl = LCCK(NI,8) *2498

94 CONTINUE *2499
SET - 0.5*ITBS(NZ) TIKI) + FORO*ODT(Kl)) *2500

4410 MIN a 1 *2501
MAX - XA8SF(LTA8H(hI)) *2502
BET HSUREINI *2503

4415 MID v II + MAX)/2 *2504
IFISET - TVARHMICN))4420,4430,4425 *2505

44ZU WAX 10 *2506
JF(PAX - 2)4430,4415,4415 *2507

44Z5 MIN - IC *2508
IF(WAX - MIN - 2 4430,4415,4415 *2509

4430 HSUREIN) HSURTIPICNI + SLOIHIO+11,N2*ISET - TVAR4IWIONI) *2510
BET - 100.0*A8SFIEET - HSURE(N))/(ABSF(8ET) I.OE-12) *2511
OTMAX = PAXIF(CTMAXeET*TVARYI *2512

4435 CCN1INUE *2513
CCC FINC NEW SURFACE ECUNCARY CONDUCTANCES. *2514
4500 IF(NVARH + NCRAOS * NOPOWS)4600,4600, 6350 *2515
6350 DG 4510 N z 1,NOSCCN *251b

IFILTAEHINI)4505, 6355,4505 *2517
63s5 IFIPSUREINII45059 6360,4505 *2518
6360 IFIPCWERINI 6363,4510, 6365 *2519
6365 CCNTlNUE *2520

4505 NI a NCCSINI *2521
N2 a NOCSEIN) *2522
TI T8ASE + TlNIJ + FCRD *0OTINI) *2523

-22 6-



5- c

T2 TSE + es(Z) 2524
DT12 PAXIFIL.OE-249AeSFITI - T2)) *2525
RAO SIGPA*RSURE(HK*(Tl * T2)*(Tl*TI T2*T2) *2526
TRAKS(M - AREPSIN)*(RAC + HSURE(N1*OT12**POWER(N)1 *2527

4510 CCNTINUE *2528
CCC FlNC TEPPERATURE C-ANGES IN SURFACE NOCES. *2529
460t; 00 4605 ANINCSCCh *250

Nl=NCCSIN) *2531
N2=NCCS2 (N) '2532
IIP(NIJ s ZIP(N1 + TRANSIN) *2533
HEX = CELT*TRANhS()*(TES(N2 - T(NI)) *2534
OT(NI) = CT(NI) + EX/CAP(NI) *2535
DFft'1) = CFINI + -EX *2536
CFSINd HEX *2537

4605 CONTINUE *25i8
58vO FORPAr (8E10.3) *2539
5e5 FCPAT IlOX,1O0(IH=),oAI) *2540
581C FCRPAT(10X,24HEXTEANAL CONNECTION ATA) *2541
5815 FORPAT 615,2E10.3,30A1 *2542
5820 FoRPAfr(/lOX,96H NOCS N10S5 INCEX LTABti POhER DLCNG *2543

1 CRAC hSURE RSURE AREAS,AII *2544
5825 FORPAI(X1X,416,4X,1P6E12.4) *2545
5830 FORPAT(/,19X,51HSURTIOX,5HSLOPE,IOX,5HTVARH,/,(L5X,3E15.6)) *2546
58:35 FCRP*T 215,1OX,6E10.3) *2547
5840 FGRPAT(I/,12X,16HNCCe INCEX LTAeT,4X51TEMPBICX5HSLCPEICX5HTIMEB, *2548

1 AL) *2549
5845 FORPATI1OX,316.1PElS.6,l5XtEl5.6) *2550
5850 FCRFAT(28XX 3E15.61 *2551
5855 FORPATI/,IOX,96H NOCS NODSB AREAS HSURE POWER *2552

S RSURE TRANS HEAT FLOW AVG RATE, 5X, 9HLAST RATE, Al) *2553
5860 FCRPAT( 8X, 2I6, 8E12.4) *2554
5865 FORPAT(IOXtl8hECUNCARY NODE OATA,//,IOX,5H NODB,4X,5HTEMPB, *2555

1 8X,9FHEAT FLOW,4X,8FAVG RATE, 5X, 9HLAST RATE, Al) *25,6
5876 FORPAT(lOX,15, 4E13.4) *2557
5875 FQORAT(/,IOX,12HSYSTEM TOTAL,6X, 3E13.4) *25S8
5880 FGRPAT(/,18X,65HTE x TEMPBIII TEMP6(2)*SINF(2.*PI*ISUMTIP * Til *2559

lEB(2)u/TIPE8l)vil *2560
5885 FGRPAT(l5f1H*),171-FCRE THAN ALLOWECtI,5,1H ITEMS IN BLOCK,13) *2561
984 CONTINUE *2562
982 CONTINUE *2563
4700 RETLRK *2564
C CPLETEC SURE. RETURN TO HEART. 2 565

END *2566

* CARCS CCLUMN SPECK *2568
* LIST 8 *256q
* FORTRAN SPECK TRUMP SPECIAL NOCE CALC SLBROLTINE. *257C

SUBPCUTINE SPECK *2571
C*******sVERSICA 5/27/69. *2572
C********SPECX IS A REQUIREC SUBROUTINE. *2573

USE STCRK *2574
USE STORE *2575
USE SCR *2576
OIFIP10)92,92 91 *2577

SI CONTINUE *2576
C********FECUIRED IF FLCW IS USED, AFLOWS IS USED IN FLOW AND SPECK. *2579

COMPCh /AFLCWS/ LCWN(PI1O, NOCF1M(10), NCF2(M1OI *2580
92 CONTINUE *2581

DIF(P6)94,94,93 *2582
93 CCNIINUE *2S83
C********RECUIREC IF SURE IS USED, SURES IS USEC IN SURE AND SPECK. *2584

CCPCK /ASURES/ OFS(P6), NOOSIM6), TRANS(MN) *2585
94 CCNTINUE *2586

IFIKCYC) 6100.4200,42CO *2587
6100 NUTX = 0 *25e8

NUTSUP 0 *2589
NUTPAX eo *2S90

CCC INITIALIZE CCRRECTICNS TO TEMP CHANGES IN NODES. *2591
DO 3100 I O lNOCES *2592
ERRCRX (h) 0.0 *2593

3100 CONTINUE *2594
CCC SET CCELERATICN FACTCR AND CONVERGENCE FACTOR. *2595
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NUTS a 0 *2596
SPEED 0.2 *2597
ERAS S.E-5 *259R
RETURN *2599

4200 IFINCh)42C5,4205, 6105 *2600
6105 CONTINUE *2601

C START HERE IF KCYC -1. *2602
NCYC KCYC - 1 *2603
NUTIVG = NUTSUP/XPAXOF(l,NCYC) *2604
WRIIE I ,5810 ) CYC, NUTSUM, NUTAVG, NUTX, FOR *2605
IFIKWITI4205,4205, 6110 *2606

6110 PRINT 581C, NCYC, UTSUM, NUTAVG, NUTX, FOR *2607
GO TO 4700 *2608

4205 IFIKWIT) 6115, 6115,4700 *2609
6115 FORC FOP*CELT *2610
CCC INIIALIZE CCRRECrION FACTORS. *2611

DO 4210 - 1,NOCES *2612
ERRCRIN) 0.0 *2613
IFINTYPE(h)) 6120,4210, 6120 *2614

6120 ERRCRXIN) CELT*COT(l) *2615
4210 CONlINUE *2616
CCC CALC CCRRECTICN FCTCRS FOR SPECIAL NODES, COLNT SPEC-SPEC CONN. *2617

KNOCK KOFL KKCT = 0 *2618
IFIFCCCN)4230,4230t 6125 *2619

6125 00 4225 - 1,NOCCN *2620
NI s NCCIN) *2621
NZ ? NCC21ND *2622
IFINTYPEth1))4215, 6130,4215 *2623

6130 IFINTYPEINZ)) 6135,4225, 6135 *2624
6135 ERRCRIN2) ERRORIN2) TRANINI*OTINI) *2625

GO TC 4225 *2626
4215 IFINTYPE(hZ)14220, 6140,4220 *2627
6140 ERRCRINI) = ERRORINI) + TRANINI*OT(N2) *2628

GO TC 4225 *2629
4220 ERRCRINI) ERRORINI) + TRAN(N)*ERRORXIN2) *2630

ERRCRN2) - ERRORIN?) + TRANINl*ERRORXIN1) *2631
KNCCK - KNOCK + 1 *2632

4225 CCNIIPUE *2633
4230 CONTINUE *2634

DIF(l~l0)9696,95 *2635
95 CCNTINUE *2636
CCC FIND CCRRECTICNS CUE TC MASS FLOW. *2637

IFINCFLCW)4300,4300, 6145 *2638
6145 00 4240 N 1,NOFL0W *2639

Ni NCOFlIN) *2640
N2 CCF2(N) *2641
IFINTYPEINI))4235, 6150,4235 *2642

6150 IFINTYPEh2)) 6155,4240, 155 *2643
6155 ERRCRIN2) ERRORIN21 * FL0WN(N)*CAP(Nl)*DOINl)/HEFT7N1I *2644

GO TC 4240 *2645
4235 IFINTYPEIZI) 6160,4240, 6160 *2646
6160 KNOFL - KOFL + 1 *2647

RRCRIN2-ERCRIN2) + FLOWNIN)*CAPINI)*ERRCRXIN1)/HEFI(NI) *2648
4240 CNIINUE *2649
96 OONTINUE *2650
CCC MAKE FIRST CCRRECTION TO TEMP CHANGES IN SPECIAL NOCES. *2651
4300 NUTS = 0 *2652

ESUP - 0.0 *2653
HSUP .E-12 *2654
S = SPEED *2655
S2 5 1. *2656

IFUiKNCK KNCFLl*KCYC) 6165, 6165,43C5 *2657
6165 S1 0.0 *2658

S2 1.0 *2659
4305 DC 4310 N 2 1,NOCES *2660

IFINTYPEtNI) 6170,4310, 6170 *2661
6170 EX ERRCPIN) * SI*ZIPIN)*ERRORXIN) *2662

ERRRIN) 0. *2663
DTM 2 (CAP(N)*OTIN) + FORD*EX)/(CAP(N) + FORD*S2*ZIPIN)l *2664
ERRCRX(h) CTIN)-ERRORX(N) *2665
ESUP ESLM * CAP(N)*AISFIERRORXIN)) *2666
HSU = HSUP * CAPIN) *2667
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CCC CAPACITY CF SPECIAL NOCES. *2668
4310 CCNTINUE *2669

HSLP = SUP*TVARY *2670
C PAX CHANGE IN HEAT CONTENT. *2671
CCC START ITEPATING I TERE ARE SPEC-SPEC CONNECTIONS, AND *2672
CCC RELATIVE CHANGE IN HEAT CONTENT IS GREATER THAN ERRS. *273

IFIESUF - ERRS*HSUIe14515, 6175, 6175 *2674
6175 IF(KNCCK * KNCFL)4515,4515, 618C *2675
6180 CONTINUE *2676

4400 NUTS = NUTS + 1 *2677
C CALC CORRECTItCNS FCR SPECIAL NODES. *2678

IFIgNCCK)4410,4410, 6185 *2679
6185 DO 4405 = NOCCN *2680

Nl = CCI(NR *2681
N2 CC2(N) *2682
IF(NTYPE(h1l*NTYPEIN2)) 6190,4405, 61SC *2683

6190 CONTINUE *2684
CCC BOTh UST BE SPECIAL. *2685

ERRCRINII ERRCRINhL + TRANIN)*ERRORXIN2) *2686
ERRCRIN2 = ERROR(N2) * TRAN(N)*ERRORXINL) *2687

4405 CONTINUE *2688
4410 CGNTINUE *2689

DIF IpOIet98,97 *2690
97 CGNTINUE *2691

IFIKNCFL)'500,4500, 6195 *2692
6195 CCNTINUE *2693

CCC FINC CCRRECTICNS CUE TC MASS FLOW. *2694
DO 4415 - 1,NOFLOW *2695
N - CCFI(N3 *2696
N2 NCCF2(N) *2697
IFIhTVPEINI*NTYPtN2l) 6200,4415, 62CC *2698

6200 ERRCR(N2)IERRCRIN2) + FLOWN(N)*CAPINI)*ERRORX(NI/HEFT(NL) *2699
441 CONTINUE *2700
98 CONTINUE *2701
CCC CCRRECT TEMPF CHANGE IN SPECIAL NOCES. *2702
4500 ESU- 0. *2703

EPAX = C.C *2704
DO 4505 h - 1,NOCES *2705
IF(NTYPE(Nh) 6205,4505, 6205 *2706

6205 ERRCRX(N) = EPROPINISI*ZIPINI*ERRORXINfl/(S2*ZIPIN)+CAP(NI/FORDO *27C7
OTINI = CT(hI) + ERAORX(N) *2708
ERRCRIN) z . *27C9

EX = 6SF(ERRCRXIN)) *2710
ESUP = ESLI * CAPIN)*EX *2711
FIMTYPF(N) 2) 6210,4505, 6210 *2712

6210 ERAX = PAXF(EPAXEX) *2713
4505 CONTINUE *2714
CCC STOP ITERATING AFTER NUTMAX CYCLES. *2715

IF(NIUTS - NUTPAX)4510, 6215, 6215 *2716
6215 NUTS = 0 *2717

DTMOX - AXF(CTMAX,2.C*TVARY) *2718
WRITE I mW,5800 KCYC *2719
VRIhT 580C ,KCYC *2720
IFCIELT - 2.0*SMALL) 6220, 6220,4515 *2721

6220 CONTINUE *2722
C IIlRATICh FAILURE. *2723

KUIT = 10 *2724
WRITE I MWS805 I FIN *2725
PRINT 5805 *2726
GO TC 470C *2727

CCC STOF ITERATING WHEN RELATIVE ERROR IN EAT CONTENT CHANGES ERRS. *2728
4510 IFIESU - ERRS*HSUI) 6225, 6225,4400 *2729
6225 IFIEPAX - 10.0*ERRS*TVARY) 6230, 6230,4400 *2730
6230 CONTINUE *2731

4515 NUTSUP =NUTSUP + NUTS *2732
NUTX X'AXOF(UTXNUTS) *2733
OTMAX = AXIF(CTMAXO.025*NUTS*TVARY) *2734

CCC CORPECT INTERNAL FLUXES AND FINO CORRECTION FACTORS FOR REG NCDES. *2735
IFINCCCK)4615,4615v 6235 *2736

6235 DO 4610 h INOCCN *2737
Ni NCClI(N) *2738
N2 = NCC2(N) *2739
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IF6T0PE hT(4* 624094600 *274C
6Z40 IFI(T)PE C2() 6245,46IC 645 *2741
6245 ERRCRINII a RRORM)1 + TRANIN)*ICTIN2) - CTlhl)) *2742

GO C 4605 *2743
4600 IF~hTYPE~h2))46O5v 625094605 $2744
6250 ERRCRlh2) ERPOR(K2) + TRANINI*IOTI)l - CT(N2)) *2745
4605 FLEX FCPC*TRANfh)*(CTlN2) - CT(NII) *2746

DFI(NI) CF(N) + FLEX *2747
DF~hl - CFIJl t LEX *2748
DFIAZ) CF(K1Z - FLEX *2749

4610 CCNTIIUE *2750
4615 CCNTIhUE *2751

DIF (PI10)910,910,9, *2752
59 CONlINUE *2753

IF(hCFLCW)4625,4625, 6255 *2754
6255 CCNTINUE *2755

CCC FIND CCRRECTICKS rc UPSTREAM REGULAR NODES CONNECTEC TO SPECIALS. *2756
DO 4620 I - JNOFLOW *2757
NI NCCF1(NI *2758
N2 NCCF21N) *2759
IF(1TYPEINI)146209 6260,4620 *2760

6260 IFIhTVPElh2R) 626,,4620, 6265 *2761
62b5 ERRORINI) ERRORMI - FLOWN(N)*CAP(Nl*tOT(Nl)/HEFT(NI) *2762

4620 CONTIUE '2763
910 CCNTIlUE *2764
CCC CALC CCARECTEC TEMP CANGE IN REG NODES CONN TO SPECIAL NGODES. *2765
4625 00 4630 h 1NOCES *2766

IF(NTVPElh)34630, 6270,4630 *2767
6270 DTIN) - CTIN) + FCPC*ERRORfN)/CAP(N) *2768

4630 CONTINUE *2769
DIF 1P6)914,914,911 *2770

S11 CONTINUE *2771
OIFP7)913,913,912 *2772

S12 CONIINUE *2773
IF(NCSCCN)4700,4700, 6275 *2774

6275 CONTINUE *2775
CCC CORRECT FLUX CF EXTERNAL CONNECTIONS *2776

DO 4640 h 1,NOSCON *2777
NI CCSIN) *2778
FLEX FCPD*TRANS(h)*CT(N1l *2779
DFhI) a CF(N1 - FLEX *2780
OFS(hI - DFSINI - FLEX *2781

4640 CONTINUE *2782
913 CONTINUE *2783
914 CCNTINUE 02784
4700 RETURN *2785
5800 FORPATI/ICX,6HKCYC 5,16,5X,84HkEAT BALANCE ITERATION FAILED TC CCN *2786

IVERGE. TFIS MAY EE CAUSED BY A CONNECTED SERIESi,1CX,97HOF OCES *2787
2 WITH TIPE CCNSTANTS UCH SMALLER THAN ELT. WILL 1RV TO REPEAT C *2788
3YCLE ITH SMALLER CELT.) *2789

5805 FORFAT(IIOXv39HCAN NGT REDUCE CELT. WILL END PROBLEM.,Al) $2790
5810 FCRtATl/,10X,6HKCVC ,16,24H, ITERATIONS... TOTAL ,St, *2791

1 11H, AVERAGE ,16,11H, MAXIMUM =,16,8H. FCR ,Ft.3,2H .* *2792
C CCPPLETEO SPECK. RETURN TC HEART. *2793

END *2794
*2795

* CARCS CCLUYN TALLY *2796
* LIST 8 $2797
* FORTRAN TALLY *2798

SU8PCUTINE TALLY *2799
C********VERSICN 5/20/69. *2800
C********TALLY IS A REQUIREC SUBROUTINE. *2801

USE STCRX *2802
USE STCRE *2803
USE STGRP *2804

C*******sRECUIRED WHEN CI-EM IS USED, USED IN CHEM, THERM, FLOW, TALLY. *2805
DIF(P3)92s92,91 *2eo6

91 CONTINUE *2807
COPPCN /ACHEPS/ KAIM21t KAXIM2, K8(1M2), K8X(023, *2808
1 8(M41, 8811'4), DB(M4) C(M41 *2809

S2 CCNTINUE *2810
DIF(P8)982,98Z,981 *2811
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;el CCNTINLE *2812
C********IRRAYS USEC CNLY IF SUeROUTINE GEN IS USED, IN IHERM, *2813
C******** GEN, AC rFALLY, G IN TALLY ONLY. *2814

CCPPCN /CENSI GlF4), GGIM4) *2815
s82 CCN71NUE *2e16
ccc *2817

IFI9CVC) 6100,3100,4200 *2818
6100 IF(IHLCCK)2400, 6105,2200 *2819
6105 CONTINUE *2820

CCC STAPT ERE AFTER FOBLEM NAME CARD -AS EEN READ IN ITH 2, 3, CR *2821
CCC 4 IN CCLUON 72, FCR SAVING CATA FROM PRECECING PROBLEM. *2822

WRITE I Y5950 3I, i 2,12) *2823
WRIIE P ,5975 FIN *2824
WRIIE P,5960 HIITEMS(I), I 2,12) *2825
NIT = NCES *2826

CCC FINC CUT IF NOCE TYPES AND T. A, AND 9 WILL BE INITIAL OR FINAL *2e27
CCC VALUES FRCP PRECECING PROBLEM NAME 163 * 2, OR 3 OR 4, RESP.1. *2828

IFIhC - 2)2105, 6110,2105 *2829
6110 00 2100 h a 1NOLES *2830

IFIMTYPEMI-NTYPESINI) 6115,2100, 6115 *2el
6115 NTYFE(N)-NTYPES(NI *2832

NcS FEC=NCSPEC-1 *2833
2100 CCNTIhUE *2834

GG IC 2115 *2835
CCC CHAKGE INTERNAL BLCCK 9 TO FINAL T A, B OF PREVIOUS PROBLEF. *2836
2105 Do 2110 h 1,NOCES *2837

TT(N) TIN) *2638
AAI3 ANI *2E39
oIF(P3194,94,93 *2840

53 CONTINUE *2841
MN(h) = B(N) *2842

94 CONTINUE *2843
2110 CChTIhUE *2844
2115 RETLRh *2845
22OU IF(IOLCCK - 9) 6120,2300, 6120 *2846

6120 IF(IOLCCK - 1)4700, 6125,4700 *2847
6125 CONTINUE *2e4s

CCC START HERE AFTER TI-E eLOCK NUMBER CARD FOR BLOCK I IS READ IN. *2849
CCC INPUT DATA ELCCK 1. CALCULATION CONTROLS, LIMITS, AO CONSTANTS. *2850

REAC I NB0865 )IPRINTNUMKCATAKSPECMCYC.MSEC, *2851
S NPUNCh,NOCTIRIrE,ITAPETIMEP,SCALE *28,2

NUMX UP *2853
KOATAX = KOATA *2854
IF(SCALE) 6130, 6130,2205 *2855

6130 SCALE - 1.0 *2856
2205 1FI1R1TE)221592215# 6135 *2857
6135 IF ITAPE) 6140, b140,2210 *2858
6140 ITAPE 6 '2859

2210 WRITE I P,51000 ) ITAPEIRITE *2860
PRINT 51000 , ITAPEIRITE *2861
WRITE(ITAPE, 51020) NATME ^2861

2215 wRITE I ,5890 )IPRINTNUMKCATAKSPECMCYCMSEC, *2862
s NPUNCHNOCTIRIIEITAPEPTIMEPSCALE *2863

READ ( NBv587o )KCKTDELToSMALLTVARYTALTIMATMINTPAX *2864
KD = XPAXOFI#,KC) *2865
KT = XAXOFI1,KTI *2866
KSY = IKC + 3)/3 *2867
GEOIP a 2C**(KC - 1)*3.1415926**IKC/2) *2868
IF(ICELTC - 1.OE-1OI*ICELTO - 1.0E12)12220,2220, 6145 *2869

6145 DELTC a 1.0E12 *2870
2220 SMALL = PDXIF(SMALL,1.CE-12) '2871

SMALT - SMALL *2872
IFITFAX - TIN) 6150, 6150,2225 *2873

615c TMAX = 1.0E12 *2874
TMIN = -. OE12 *2875

2225 IF(IVARV) 6155, 6155,2230 *2e6
6155 TVARY = AINF5.OvO.05*ITMAX - TMIN)) *2877

2230 rMI = TIN - O.OU1*TVARY *2878
TMAX = TAX + 0.O01'TVARY *2879

WRITE I ,5e75 )KC,KTCELTOSMALL.TVARYTALTIMAXTMINTMAX *2e8o
GO TCf2235v224Ci2245,225ot225S),KT *2881

2235 TBASE = 273.15 *2882
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SIGIA 1.355E-12 *2883
GO C 2260 *2t84

2240 TBASE 0.0 *2dt35
SI'GA 1.355E-12 *2886
Ga TC 2260 *2887

2245 TBASE 460.0 *28ed
SIGMA - .173E-8 *2889
GO TC 2260 *2890

2250 T8ASE = 0.0 *2e91
SIGIA C.173E-8 *2892
GO TC 2260 $2893

2255 TBASE 0.0 *2894
SIGPA z 1.0 *2895

2260 WRITE l ,5880 )KCKSYMGEOMSIGMAtTBASE *2896
REAC I N8,5810 )TChEtALONEBCNE9GONEFONEhCNERCNEPONE *2897
WRITE I H,5815 )TCNEALONEBCNEGONEFONE,hCNE,RCNE,PONE *2898
RETLRh *2899

C CPLETEC 8LCCK 1. RETURN TO HEART. *25CC
CCC STAPT HERE AFTER TE LOCK NUMBER CARD FOR BLOCK 9 IS READ IN. *2901
CCC INPUT DATA ELCCK 9. INITIAL CONCITIONS LIST. *2902
2300 N IT *2903

L s 0 *2S04
IFIVCC2305, 6160,2305 *2905

6160 N NIT - 0 $2906
2305 REAC ( NB,5840 )NIvhSEgNAOCNX1,NX2,NX3,NX4 *2907

IFINII 6165,2335, 6165 *2908
6165 CALL PA7CI(hXI,TONE,TX,LXX) *2909

CALL PTCHfNX2,ALCNEAXLXX) *2910
CALL PATCl-(NX3,8ONEv8XvLXX) *2911
CALL PATCh(NX49GONEGXLXX) *2912

2310 IFIICCI 670,2315,2315 *2913
6170 CALL SEEKItNNNCXE,NIT,K) *2914

ITEMS( 9) XMINOFtN - 1,ITEHS( 91) $2915
GO TO 2320 *2916

2315 N NIT N 1 *2917
2320 IF - 4)2325,2325, 6175 *2918
6175 N NIT 4 *2919

KWIT 11 *2920
WRITE I MW,5925 INIELOCK *2921
PRINT 5925 ,N,IBLCCK *2922

2325 NOTEIN z NCXE(I N *2923
TT(N) - TX *2924
AAN) z AX *2925
DIF13)96,96,95 *2926

S5 CCNTINUE *2927
8BIK = X $2928

96 CONTINUE *2929
DIF 8198,98,97 *2930

97 CONTINUE *293L
GGlh) GX *2932

98 CONIINUE *2933
L L 1 *2934
IF(XPCOFCL-1,57)12330, 6180,2330 *2935

6160 WRITE M,5845 FIN *2936
2330 wRITE P,5850 )NCTE(N),N,TTINIAA(N),BXGX *2937

IF(NSEQ)2305,2305, 6185 *2938
6185 NSEC NSE - I *2939

NI = N NACC *2940
GO TC 231C *2941

2335 RETLRh *2942
C CCPPLETED BLOCK 9. *2943
CCC START HERE AFTER TI-E CATA ENO CARD IS READ IN. *2944
CCC SUPPARIZE INPUT DTA, ANO INITIALIZE PRIOR TO TIME STEP ZERC. *2945
2400 WRITE t 0,5950 III, I 2,121 *2946

WRITE C M,5985 )INEWBLtt), I 2,12) *2947
WRITE I M,5975 ) FIN *2948
WRITE I M,5955 )M2,i3,M4,5,6,M7,M8,M4,MlC.MllP12 *2949
WRIIE I P,5965 )(ITEMSII), I 2,12) *2950
WRITE I M,5970 ICVSPECtl), I - 2,12) *2951
NTAELE =NVARC+KVARK NVARQ+NVARZ+NVARE NVARH+NVAR7+NVARG+NVARFL *2952
WRITE ( M,5945 NVARC,NVARK,NVARQ,NVARZNVARENVARH, *2953
I NVARTNVARGNVARFL,NTABLE *2954
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WRITE l,5930 JN9
IF(NKhT)2405924059 619C

619C IFINCCES) 2405,2405,6192
6192 IF(NOSCON)2410, 2410, 6194
6194 IF(NODES)2405, 2405, 2410

2405 KWh J 9
WRITE ( MW,5805 INPATNODES
PRINT 5805 tNMATNODES
RETURN

C VISSING LCCK 2 CR 4. RETURN TO HEART.
2410 IF(hUPI 6200,2415, 6200

6200 IBLCCK = I
CALL REFEP(NUP,NUPX,INOCENOCES)

2415 IFINIT12425,2425, 6205
6205 IELCCK = 9

CALL REFEFINCTENCXEvNITNOOENOOES)
IF(1WIT2500, 621C2500

6210 CCNlINUE
C ASSIGN INITIAL CCNCITICNS TO NODES.

DO 2420 N - 1,NIT
J NCTE(MI
MJ) = TT(N)

A(JI = AA(N
DIF I3)910,910,99

99 CONTINUE
S(J E(NI

910 CONTINUE
OIFIF81912,912,911

911 CONTINUE
GIJ) GGIN)

912 CONTINUE
2420 CCNtINUE
CCC SET UP INTERNAL BLCCK 9 WITH INITIAL CONDITIONS OF TIS PROBLEF.
2425 DO 2430 N 1,NOCES

NOTEIN) N
NOXEIf) NCCEIN)
TT(N) TIN)
AAMP = AIN
NTYFESEN) NTYPE(hI
DIF (3)914,914,913

S13 CCNTINUE
58(h = BIN)

914 CONTINUE
DIFIF8)916.916,915

915 CCNTINUE
GG(h) = GIN)

S16 CCNTINUE
2430 CCNTINUE
C AKE ALL NCCES SPECIAL IF KSPEC IS POSITIVE.

IF(KSPEC02500o2500, 6215
6215 DO 2435 N 1NOCES

IF(NTYPEIN)H2435v 6220,2435
6220 NTYPEIN) 5

NOSPEC = NOSPEC + 1
2435 CONTINUE
CCC INITIALIZE EFCRE FIRST TIME INCREMENT
2500 NOGEN = 0

NREACT = C
DC 2515 h a 1,NOCES
FIN) lhN) - 0.0
IFIAIf1l2505, 6225,2505

6225 DlF(W3)91e918917
517 CCNTJNUE

IF(B(NI)2505. 6230.2505
6230 CCNIINUE

918 CCNTINUE
GC IC 251C

2505 NREACT = REACT 
2510 CCNTIKUE

DIF(MS)920,920,919
519 CCNTINUE

IFG(MI) 6235,2515, 6235
6235 NOGEh a KCGEN 1

*2955
*2956
*2957

*2959
*2960
*2961
*2962

*2963
*2964
*2965
$2966
*2967
*2968
*2969
2970

*2971
*2972
*2973
*2974
*2975
*2976
*2977
*2978
*2979
*2980
*2981
*2982
*298 3
*2984
*2985
*2986
*2987
*2988
*2989
*2990
02991
* 2992
*2991
*2994
*2995
*2996
*2997
*2998
*2999
*3000
*3001

*3002
*3003
*3004
*3C05
*3006
*3007
* 3008
*3CC9
*3010
*3011
*3012
*3013
*3014
*3015
*3016

*3017
*3(18
*3019
*3020
*3021
*3C22
*3023
*3024
*3025
*3026
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920 CCNTINUE *3C27
2515 CONllhUE *3c28
CCC CALCULATE STCRAGE RECUIREMENTS FOR PARAMETER-AOJUSTEO ARRAYS. *3029

NWRECC (8 7*Ms)*P2 28*M4 * 12*M5 t 3*M9 *3C30
NWCHEP - 0 *3031
NWGENS* 0 *3032
NWFLCW C *3033
NWSLRE 5 C *3034
NWPLCT = 0 *3C35
NWBLI2 * 0 *3036
IFlt31Z52C,2520, 6240 *3037

6240 NhCHEP = 4*P2 4 (t 9M91*M3 10*M4 *3C38
2520 IF(F8125z5,2525o 6245 *3039
6245 NWGENS 2*M4 * 3 3*M9)*M8 *3040

2525 IF(PtO)2530,2530, 6250 *3041
6250 NWFLC = 4*P4 ( + 3*M91*M1O *3042

2530 1Fl632535,2535i 6255 *3043
6255 IF(P7T2535,2535, 6260 *3044
6260 NWSUiRE = (12 3*P9)*p6 + 5 3*Msl*P7 *3045
2535 I1FP112540,2540, 6265 *3046
6265 IF(tl)12540,2540, 6270 *3047
6210 NWPLCT 4*04 3*P11 11 M*Ml *3048
2540 IF(012)2545,2545, 6275 *3049
6275 NWBL12 = 85*4 4 5*P12 *3050

2545 NSTCRE = WRECC NWCHEM + NWGEN8 NWFLOW + NWSURE NWPLCT*NkBL12 *3051
WRITE P ,5935 NWREQDNWChEMNWGENNWFLCWNWSLRENWPLCTNBL *30s2

X12 *3053
WRITE I M,5940 1 STORE *3054
WRITE I M4598O )NOSPEC,NOGENNORAO,NORACSNMELT,NREACT *3055
NREACT = REACT NMELT * NKEM *3056
NOGEN = CGEN * NVARG *3057

CCC INITIALIZE EFCRE FIRST TIME STEP KCYC = C, DELT a l.CE-12). *308
SUMTI = TAU *3059
DELT = .OE-12 *3060
DELTS = CTMAX 0.0 *3061
FCR 1.0 *3C62
GC C 482C *3063

CCC START HERE AT THE ENC CF TIME STEP ZERO ELT a 1.OE-12). *3064
3100 IFIKkIT) 6280, 628o,4900 *3C65
6280 KGOCC = F = S = SS NPRINr = 0 *3C66

OELTG = TMAX = GS = 0.0 *3067
RAT = I.C *3068
KOATA = KATAX *3C69
oELTPX = AX1F(1.OE-1OOELTO) *3070
BIG = .99999999E12 *3071

GG T 421C *3072
CCC START HERE WHEN KCYC = I OR MRE, TALLY RESULTS OF CALCULATIONS. *3073
4200 IFIXCYC - 11 6285, 6285,4205 *3074
6285 DTMAX = 0. *3075

4205 IFINWIT) 6290, 6290,4710 *3076
6290 KWIT = *3077

NO= 0 *3078
CCC FINC AXIPUP STABLE TE STEP. *3079

IFIEIG - CELTMOX)4235,4235, 6295 *3080
629: IFIKCYC - 114210,4210, 6300 *3081
6300 IFfATABLE) 6305, 6305,4210 *3082
6305 IF(PSPEC)4235,421O,4210 *3083

4210 OELTPX 1.5E12 *3084
NREG 0 *3085
DC 4220 h = ItNOCES *3086
SLIlIN) = 1.E24 *3C87
IFIZIP(NI)4215,4215, 6310 *3088

6310 SLIP(N) MAXIF(1.0E-24,CAPI(4/ZlPIN) *3089
4215 IF(PTYPEIA))4220t 6315s4220 *3090
6315 NREG = REG 1 *3091

OELT1X=14INF(CELTPX,SLlMIN)) *30;2
4220 CONTINUE *3093
CCC SET AXIPL1M TE STEP TO 2/3 3F STABILITY LIMIT, OR CELTO, *3094
CCC WHIChEVER IS SLLER, BUT NO SMALLER THAN .OE-IC. *3095

DELTPX z AXIFI10E-109CELTMX/1.5) *3096
IFICELTPX - CELTO)4225.4235, 6320 *3097

h320 OELTP = CELTC *3098
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GC IC 4235 *3C99
CCC CHANGE CCES C SPECIAL NODES IF NECESSARY TO INCREASE DELTX. *3100
4225 IF(P514235,4235 6325 *3101
6325 IFINREG)42354235, 633C *3102
633U IF(KSFEC14235, 6335, 6335 *31L3
6335 NEWS = 0 *3104

DO 4230 N INOCES ,. , $ > ,t,-t '3105
lF(hTYPECN))4230v 63404230 , *31ub

6340 lF(L.a'CELTFX-SLIMN))423O0 6345, 6345 *3107
6 45 NTYPEIN)=4 - *3108

NCSFEC=hCSPEC1 *3109
NEhS=1 *3110
WRITE I MWt5l0O )KCYC*NODEIN *3111

423 CONTINUE *3112
CCC RECALCULATE CELTM IF ANY NODES RECLASSIFIED. *3113

IF(tEPS)4235,4235, 6350 *3114
6350 KGOCC = 0 *3115

MS - 0 *3116
GC TC 421C *3117

CCC RESTCRE SALL TO SALT, IF SMALL HAS ECREASED BELO% SMALT. *3118
4235 IF(SVALT - SALL424,4240 6355 *3119
6355 SMALL = SALT *3120

CCC CALC SMALL IF NCT REAC IN, DELTMX NOT 1.EI2, NREG NCT 1/4 NCOES. *3121
4240 IF(SVALL - CELTMX)4245, 6360, 6360 *3122
6360 SMALL = 0.99999999*CELTMX *3123

4245 IFII.0 - eIG*SPALI 4300, 6365, 6365 *3124
6365 IF14*NRE - NCOES)4300, 6370, 6370 *3125
6370 IFIBIG - CELTMX)4300, 6375, 6375 *3126
6375 SMALL = C.01*CELTVX *3127

CCC FINC LARGEST TEMPERATURE CHANGE, EXCLUDING Z-V NODES IF KCYC 0 CR *3128
4300 OTEPP - 1.OE-24 *3129

00 4310, N = 1,NCCES *3130
IFICYC - 1 6380, 638o,4305 *3131

6380 IFINTYPEIN) - 2) 6385,4310, 6385 *3132
6385 CONTINUE *3133

4305 OTEP = SXlF(CTEPAeSF(CT(NI)) *3134
4310 CChTIUE *3135

DELISS = CELTG *3136
DELIS = CEL *3137
RAT2 RTG *3138
RATI = TVARY/CTEMP *3139
RATIC TvARY/fAXlFICTMAX,DTEMP) *3140

CCC REPEAT CYCLE IF MAX TEMP CHANGE MORE TAN DOUBLE IVARY. *3141
IFIRATIC - 0.5011 6390, 6390,4315 *3142

6390 IF(CELT - 1.01*SPALL)4315, 6395, 6395 *3143
6395 wRITE I MW,5990 )KCYCDTEMPCTMAX9OELT*SLMTIM *3144

KWIT -1 *3145
KGCCC = C *3146

FCR = 1.0 *3147
GO C 4320 *3148

CCC INCREMENT PRCBLEM TIME, GOOD CYCLE COUNTER ON ACCEPTED TIME STEPS. *3149
4315 KGOCC = KCC * 1 *3150

SUPTIl SUPTI + CELT *3151
OELTG = CELTS *3152
RATG = QATI *3153
DTPAXS = CTMAX *3154

4320 DTMAX = 0.0 *3155
CCC USE I PERCENT CF CALCULATED TIME STEP, IF ALL NODES ARE SPECIAL. *3156

IFIWCYC) 6400, 6400,4325 *3157
6400 IFINREGI 6405, 6405,4335 *3158
6405 RATIC = .OI*RATIC *3159

GC TC 4335 *3160
CCC CHANGE CELT TC MAKE NEXT CTMAX CLOSER TO TVARY. *3161
4325 IF(FATIC-1.0) 6410,4335,4330 *3162

6410 RATIC = AXIF1o.5,RATIC*RATIO) *3163
GO IC 4335 *3164

4330 RATIC = lNlF(2.O,0.5*1I.0 + RATIO)) *3165
4335 DELT = CELTS*RATIC *3166
CCC KEEP TIME STEP IN RANGE FROM SMALL TO DELTMX OR DELIC. *3167

IFIOELT - SMALL) 6415,4340,4340 *3168
64L5 DELT = SMALL *3169

MF PF + I *3170
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GO IC 4400
4340 IF(CELT - OELTPX)4400,4400, 6420
6420 DELT = CELTPX

MSS MSS + I
MS P S + 1

CCC RETURN ANC REPEAT REJECTEC TIME STEPS.
4400 IFIKITI4900, 6425, 6425
6425 CONTINUE
CCC ADJUST CELT IN RANGE SMALL TO CELTMX TO GET ESIRED PRINTCLT TIMES

IFIIIPEP)4425,4425, 6430
6430 TIM MODF(TIMEP - MIODF(SUMTIM, TIMEP). TIMEP)

TIMS = TIP
CCC ADJLST CELT BY FACTCR ETWEEN 2/3 ANC 32 TO GET PRINIOLT TIME.

TIM TIM + INTF(I.0 + IOELT/1.5 - TIM)/TIMEPI*TIMEP
PIX = ITF(TIP/CELT 0.5)
DELT = T/PIX

CCC IF CELT CLTSIDE BCUNCS, ADJUST TO NEXT INTEGER FIT C TIM.
IFICELT - SMALL) 6435,4415,4415

6435 DELT = TIPI/AXIF(PIX - 1.0,1.0)
4415 IFICELT - OELTPX)4420,4420, 6440
6440 DELT TIP/IPIX + 1.0)

4420 IFICELT - SMALL) 6445,4425,4425
6445 DELT = SMALL

CCC FOR LAST TIME STEP, ADJUST ELT SO FINAL TIME IS EQLAL TO TIMAX.
4425 IFITIPAX)4430,4430, 6450
6450 IFISUMTI + CELT - TIMAX)4430,4430, 6455
645, DELI TIPAX - SUPTIP * 1.OE-12

CCC FINC RATIC CF ESTIMATEC TIME ERIVATIVE TO PRESENT VALUE.
4430 RAST 1.0

IFIKGCCC - 2)4440, 6460, 6460
6460 CCNIINUE
CCC USE CUACRATIC EXTRAPOLATION FOR INCREASING MAXIMUM LCPE,
CCC EXPChEhTIAL FOP CECREASING MAXIMUM SLOPE.

SLOPS - RTj$DELTS/(RAT2*CELTSS)
ROELT = (CELT + DELTS)/(OELTS + DELTSS)
IFISLCPS - 1.0) 6465,4440,4435

6465 RAS = 1.0 + CELT*Il.O - SLOPS)
GC IC 4440

4435 RAST SLCPSO*I-RCELT) + 1.OE-24
CCC FINC INTEPPCLATION FACTOR FOR NEXT TIME STEP.
4440 FOR = MAX1FIO.57,MAXIFIl.0,RAST)/I1.O 4 RAST))

IFIFSPEC - 24500, 6470,4445
6470 FCR = 1.0

GC C 4500
4445 FOR = 0.5
CCC GN GCCC CYCLES, FIND NEW TEMPERATURES, -EAT CCNTENTS, FLUXES.
CCC ALSC FIND MAXIMUM ANC INIMUM TEMPERATURES IN SYSTEM.
4500 GS 0.0

TMAXI -1.E8
TMIKl I.E8

DO 4515 h = 1,NOCES
TIN) T) + CTIN)
GS = GS G)
TMAXI = PAXlF(TMAxI,TlN))
TMIKI INIFITMIN1,TINI)i

HIN) -IN) CTIN)*CAPIN)
WIN) = WIN) + DT(N)*CAP(N)

FIN) FIh + CFfh)
DE) = RAST*CT(N)/CELTS
IFINrYPE(I)) 6475,4505, 6475

6475 IFINCYC - 1) 6480, 6480,4505
6480 IF(NTYPEIN) - 2) 485,4515, 6485
64b DEX CEX/(I.O CEELTS/SLIMINI)
4505 IFICEX*CCTNlh) 6490,4510,4510
6490 DEX CEX*1.DE-24
4510 ODTlh) = CEX
4515 CONTINUE

GENS GENS GS*CELTS
CCC FINC NEW EACTANT CR PASE CONCENTRATIONS.

IF(tREACT)4600,4600, 6495
649s DC 4530 N - 1NOCES

AIN) = AIN) CAIN)
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OEXA = AST*CA(NI/CELTS
H X.HEFIIN)*IPELT KCCMAT( N)*CAINI
W(Nl=WINl-HPX
H (N )-I- IN), -HPX
IFINTYPE(N)) 6500,4520, 6500

6500 IFINCYC - 1)4530,4530, 6505
6505 CCNTINUE

4520 IF(CEXA4CCA(N)) 6510,4525,4525
6510 DEXA CEA*I.0E-24
4525 DDAIN) = CEXA
4530 CONTINUE

DIF(P3)922,922,921
S21 CCNTINUE

IFINKEP)4600,4600, 6515
6515 DO 4545 = NOCES

BIN) 8CM + CWN
DEXB = RAST*CBINI/CELTS
IFINTYPEIM)) 6520,4535, 6520

6520 IF(XC'C - 114545,4545, 6525
6525 CON1IhUE
4535 IF(CEX8*CC69h)) 6530,4540,4540
653& DEXE CEXB*I.OE-24

4540 D0B0(N = CEX8
4545 CONTINUE
922 CONTINUE
CCC TEST TEPPERATURE LIMIT CRITERIA FOR ENDING PROBLEM.
4600 IFMTPINI - TIX) 6535,4605,4605
6535 KIT = 3

GO TC 4710
4605 IF(TPAXI - TPAX)4606,4606, 6540
6540 K = 2

GO TC 4710
CCC TEST LPPEP PRCELEP TIPE LIMIT CRITERICN FOR ENCING PRCBLEP.
4606 IFlITtAX)4608,461U, 6545

6545 IFISUPTI - TIPAX)4610, 6550, 6550
6550 CONTINUE
4608 KWI -

GO C 471C
CCC TEST STEACY STATE CRITERIA FOR ENDING PROBLEM.
4610 IF(KSFEC)4620, 6555, 6555
6555 IF(0ELTPX - eG) 6604615,4615
6560 IFICELTPX - CELTO) 656584615,4615
6565 IF(CELTPX - CELT) 6570, 6570,-4620
6570 CGNTINUE

4615 IFIRAT - I.E3)4620, 6575, 575
6575 IF(PAT2 - .E3)4620, 6580, 6580
6580 IF(RCYC - 10)4620, 6585, 6585 , i-
6585 IF(KGCCC - 3)4620, 659C, 6590N_..--t, 
6590 KWIT = 4

GO TC 4710
CCC TEST LIPIT Ch UMEER OF TIME STEPS CRITERICN FOR ENCING PROBLEM.
4620 IFIPCYC)4635,4640, 6595
6595 IFIKCYC - MCYC)4640, 6600, 6600
6600 CONTINUE

4635 KWIT = 7
GO IC 4710

4640 CONTINUE
CCC TESl ACHINE TIME LIPIT CRITERION FOR ENDING PROBLEF.

IFIMSEC)4645,4700, 6605
6605 IfCXPCDF(KCYC,200/NOCESfl4700, 6610,47CO
6610 CALL TIPEP(NPEP,MICS)

KSECS - KSECS MICS
IFIKSECS - SEC14700, 6615, 6615

6615 CCNTINUE
4645 KkI = 8
4700 IFI~kIT)4e10, 6620,471C
6620 IF(KCYC - 1)4710,4710, 6625
6625 IF(TIPEP)4705,470s, 6630
6630 CONTINUE

CCC FIND CUT IF A FRINTOUT IS REQUIRED BY TIMEP, SLNTIM VALUES.
IFITIPS - CELT/1.')4702,4702, 6635

6635 IF(IPEP - TIPS - CELT/1.5) 6640, 664C,4705
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6640 CONTIhUE
4702 NOW 2

GG C 4712
CCC FIND CUT IF A PRINTOUT IS REQUIRED BY IPRINT, XCYC ALUES.
4705 IF1IPRINT34755,4755, 6645
6645 IFIxPCCFICYCIPRINT)3 6650, 650,4755
6650 CCNTIhUE
CCC CALCULATE OVERALL 3-EAT BALANCE UANTITIES, WRITE OUT SUMMA
4710 NOW 1
4712 NPRINT = PRINT + I

HEAT 0.
FLUX 0.
TX a .
DC 4715 h a 1,NOCES

FLUX FLLX + FIN)
HEAT = 3EAT WIN)
TX TX CAP(h)* IN)

4715 CONTINUE
TEMFAC TX/CAPS
TEMFE - FLUX/CAPS
TEMFLE GENS/CAPS
FX FLUX/MAXIFISUPTIM - TAUI.OE-12)
TX FX/CAPS
WRIlE I P,5820 NPRCBNAMECLOCKB,CLOCXA
WRITE M,5920 2 FIN
WRITE I M,5825 N MPRINT,KCYCMF,MSSKWITOELTMXSMALL,
I TVARYCTEMP,OTPAXSNUTS
WRITE I ,5830 ) SUMTIM, ELTS, FLUX, TEMPER,
I FX, TX, TEXPAD, CAPS, HEAT, GS, GENS, TEMPLE
WRIIE I M,5920 I FIN
IFIMWIT34720,4720, 6655

6055 KOATA - 1
PRINT 5885 ,HEAT,FLUX

CCC WRITE CUT THERMAL CATA FOR NODES.
4720 IFIXCYC - 14725,4725, 6660
666U IFIwCATA3 6665,4725,4725
6b65 WRITE I Y,5895 3 INODEINPT(N3 N 1,NODES3

WRITE $,5920 ) FIN
GC IC 4755

4725 WRITE I M,5910 ) FIN
00 4735 N - NOCES
IFtXCOFIN+13,582 4730, 6670,4730

6670 iRITE I M,5910 FIN
4730 GX - 0.0

DIF 18)924,924,923
523 CONINUE

GX = GIN)
524 CONTINUE

WRITE 0,5915 INOOEINJT(NIDTINlpOOT(NIGX, WINI,HI
4735 CONTINUE

wRITE M,5920 3 FIN
CCC WRITE CUT PHASE OR REACTANT DATA FOR NOCES.

IFIhREACT)4155,4755, 675
6675 NX a 0

DO 4750 N NOCES
IFIAIN)14740, 6680,4740

6680 D1F1M33926,926,925
925 CCNTINUE

IFIEIK)14740, 6685,4740
6665 CONTINUE

926 CONTINUE
GC T4750

4740 NX a NX + 1
IFCxECDF(CX - 1,58))4745, 6690,4745

6690 WRITE I M,5900 ) FIN
4745 CCN1INUE

eX * 0.0
D8X 0*0
DOlX - O.C
OFtP3)928,928,927

527 CCNTINUE

R I.
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BX a 8(N) *33b6
COX = e(N) *3387
DDsx = CDelN *3388

928 CONTINUE *3389

WRITE ( M,5905 NCCE(N)tT(N),AlN),CAIN),OCA(N),BPtDBXtDCBX *3390
4750 CCNTINUE *339L

WRITE P,5920 ) FIN *3392
CCC WRITE CUT SPECIAL CUTPUT IF ITAPE, IRITE SPECIFIED. *3393
4755 IFtI E)480D*4800, 6695 *3394
6695 IFIKW1T148109 6700,4760 *3395
6700 IF((KCYC - 1)*(XMCCFIKCYCIRITE))) 6705, 67C5,48oC *3396
6705 CONTINUE *3397
4760 WRITE ITAPE,51005) SUPTIM *3398

WRITE ITAPE,51010) (NOlDE(N),T(N)N=1,NODES) *33s9
WRITE ITAPE951015) FIN *3400

4800 IF(KWIT)4810,4810, 6710 *3401
6710 CCNIUE *3402

C********ENrRY POINT FOR PROCUCING A PUNCHED CARD DECK OF ThE FINAL *3403

C********CCNOIT ICNS CF TE PROBLEM, FOR LATER USE IN A DATA DECK. *3404
ENTRY TALLYI *3405
IFINPUNCH) 6715,4810, 6715 *3406

6715 CONTINUE *3407
C PUNCH FINAL CCNDITIONS IN eLOCK 9 FORMAT. *3408

PUNCH 586C, (NAME(I), I = 1,6)pCLOCKqCLOCKA *3409
PUNCH 5835 , SUMTI1P, NCDES *3410
DO 4805 N = 1,NOEES *3411
BX = 0.0 *34L2

GX a 0.0 *34L3

DIF(P3)930,930,929 *3414
929 CONTINUE *3415

BX = e(h) *3416
930 CONTINUE *3417

DIF(P8)9329329931 *3418
931 CChIINUE *3419

GX GG(h) *3420
932 CONTINUE *3421

PUNCH 5855 , NCDE(Nh)T(NlAlN),BXvGX *3422
4805 CONTINUE *3423

N *3424
PUNCH 5840 , N *3425

CCC WRITE CUT OATh FOR SPECIAL OUrPUT NOCE NUM ON NON-PRINTCUT CYCLES. *3426
4810 IF(NCW) 6720, 6720,4815 *3427
6720 IF(NUP)4815,4815, 6725 *3428
6725 N = NUP *3429

BX z .0 *3430
GX = 0.0 *3431
DIF 1P3)934,934,933 *3432

933 CCNTINUE *3433
Bx BIN) *3434

934 CCNTINUE *3435
DIF F(8)936,936,935 *3436

935 CONTINUE .3437
GX GIN) *3438

936 CONTINUE *3439
WRITE ( M,5995 )NUMXT(N),ODT(N)A(NhaxGXSUMTIP *3440

CCC SET TIME CERIVATIVES TC ZERO BEFORE CYCLE ZERO, AND EVERY CYCLE, *3441
CCC IF RECLIREC BY INPUT DATA. *3442
4815 IFIKCCT) 6730,4900, 6730 *3443
6730 CONTINUE *3444
4820 DO 4825 h - 1NOCES *3445

ODAIN) = 0.0 *3446
DOT(NI 0.0 *3447
DIF (P3)938,938,937 *3448

937 CCNIINUE *3449
008(N) = 0.0 *3450

938 CCNTINUE *3451
4825 CONTINUE *3452
CCC *3453
5eo FGRPAT(/I1X5HCYCLEI5,lOH MADE NEIs l5h A SPECIAL CCE) *3454
5805 FORfAT(//10AX25HIhFUT ERROR, MATERIALS * ,,1CH, NODES * ,IS,1H.) *3455
5810 FORPAT I8E10.3) *3456
5815 FoRPAf(/I2X89H TCNE ALONE BONE GCNE FG *3457
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SNE HCNE RONE PONE/ICXIP8E12.4)
5820 FORPAT(IHI,9x,17HTRUMP OUTPUT CATA,69XSHDATA ECKI1,//,

1 IOX,AL,14A5.Al.4A2,4X,2I2XA611
5825 FCRPAT(/,1OX,30HPRINTOUT CYCLE MF MSS KWIT,3X,6FCELTMX,7X,

1 5HSMALLex,5HTVARY,8X,5HCTEMP,8X,6HCTMAXS,5X,4HNUTSj,
2 LOX,516,5E13.5,15)

5830 FORPATI/,IOX,87H TOTAL TIME TIME STEP HEAT FLO% TE P
S FRCM FLUX FLUX RATE TEMP RATE,/,8X,IPeE15.5,Jj,
SLOX,89H AVG TEMP HEAT CAPACITY FEAT CONTENT GEN RATE
S HEAT EN TEMP FROM GEN,/,8X,IP6E15.51

5835 FOR1AT(28IBLCCK 9. T A, B, G AT TIME,20X,lPE13.5,5X,16)
5840 FORPAT 315,5X,40611
5845 FORIATI//,12X,IOHNCTE INOEXlOX,2HTT,13X,23,AA,13X2i-88,13X,2HGG,

1 Al)
58SO FORMAT(IOX,2I6,4X,1P4E15.6J
5855 FORPATlI5,l5X,1P4E10.3)
5860 FCRPAT12H**,5XA1,5A5,15X,2A6)
5865 FORPAT 11015,2El0.3)
5870 FORPAT 215,7E10.3)
5875 FCRPAT(//ItX,9SH KC KT DELTO SMALL TVARY

S TAU TIMAX TMIN TMAXjlCX2I5,1P7E13.5)
5880 FORPATI//tOX45P KO KSYM GEOM SIGMA TBASE,2,

S 10)215,1F3E13.5)
5885 FORPATIlOX,12HFINAL -EAT ,IPE15.5,5X,12HFINAL FLOW ,E15.5)
589U FORYATI//IOX,60HIPRINT NUM KCATA KSPEC MCYC MSEC NPUNCH NOOT I

IRITE ITAPE,3X,5HT!PEP,8X,5HSCILE,/,1OX,1016,2E13.5)
5895 FORPATI//,LOX,94H NCCE TEMP NOOE TEMP NOCE

$ TEMP NCDE TEMP NODE TEMPtt(OX,16,1PE14.5,
S 16,E14.5,16,E14.5,16,E14.5,16,E14.5)I

5900 FORPAT1/12X,93HNOCE TEMP W/F A CA 0
SDA W/F e 0 008,A11

S905 FOR`AT(tOX,16,3XIP7E13.4)
5910 FORMATI/12X,91HNOCE TEMP OT COT G

SEN RATE W H F,Al)
5915 FCRPATIOX,16,3X,7E13.4)
5920 FORPAT(IOXlOOIlH-),AI)
5925 FCRPAT(15(1H*),I7HMORE THAN ALLOWED,15,15H ITEMS IN BLOCK,131
5930 FCRATI/,26X,31HMAXIPUM ALLOWED TABLE LENGTH IS,14,1H.)
5935 FORPAT(I,1OX,27HARRAY STORAGE REQUIREMENTS.2/15X,

1 51HNWRECD = (8 * 7*93*1M2 + 28*4 * 12*M5 * 2*M9 a ,18,/,1SX,
2 51HtWCHEM - 4*M2 + 6 + 9M9)*M3 * 10*M4 (M3 NOT C) a ,18,/,l5X,
3 51HNWGE8 a 2*M4 (3 3*M93*18 (ME NOT C) . ,18,/,1SX,
4 51HNWFLCW a 4*14 (9 3*M93*M10 (MlC NOT C) - ,I8,/,1SX,
5 5LHKWSUPE - (12 393*M6 + 5+3*M5l*M7 (M6 NOT C) , ,18,/,15X,
6 5IHhWPLCT a 4*M4 + 3Ml + (1 1411)3*M1 11 NOT C) a ,18,/,15X9
7 51HhWBL12 a 8*M4 5*M12 (112 NOT C) - ,18)

594u FORIAT(/,15X,30HTCTAL ADJUSTASLE ARRAY STORAGEuI9X,2Ha 18)
5945 FORMAT(/I1OX,6-TAeLESIOX,60H CAPT CONT QT 2T ET HSURT

ITEMPB CT FLCWT TTALt/926X,10161
5950 FORPAT(//IOX,21HSUMMARY OF INPUT ATA,/lOX12HOLOCK NLMBER,4X11161
59!5 FORPAT(1OX,I2HMAXIMUM SIZE,4X,11161
5960 FORPAT1QOX,12HINITIAL SIZE,4X,1116)
5965 FORPAT(1OX,15HUN14CCIFIEC SIZE,lX,.III6)
5970 FCRPAT(lOX,12HFINbL SIZE ,4X,1116)
5975 FORPAT(LOX,12HITEP NAME ,4X,66H MAT KEM NODE NOOI NODS N

1005 NCOG NOTE NCCF1 NODEP NODPI,Al)
5980 FORFAT(/IOXtl2#OTVER TCTALS,4X,38HNOSPEC NOGEN NORAC NRAOS NFELT

INRE ACT ,/,26X,6 16)
5985 FORMAT (X, 15HKEY. TIMES READ, X, llI6)
5990 FOROATI1OX,17HWILL REPEAT CYCLE,16,4X,8H OTEMP alPEIC.3,

1 OH CTPAX ,E1O.3.tH ELT aE10.3,9H SUMTIM a,E10.3)
5995 FORIAT(5(IH*),4HNCCE,16,2XI3HTOOTABG IPSEt2.4,

I IX,7HAT TIME,E12.4)
51000 FCRPAT(414*****TIME, TEMPS WILL BE WRITTEN ON TAPE ,15,6H EVERY,

1 15,12H TIME STEPS.)
51005 FAT(E16.5)
51010 FORPAT116,E12.5)
51015 FORPAT(6H999999,AI
51020 FORMAT (Al. 14A5, A1, 4A2)
4900 RETLRN
C CCMPLETEC TALLY. RETURN TC HEART.

END
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* CARCS CCLLMN PLCT *3530
* LIS1 d *3531
* FCRTRAN PLCT TRUMP CRT PLOTTING SUBROUTINE. *3532

SUBFCLTINE PLCT *3533
Cs*****vERSICN 5/20/69. 3534
C**t*****FLCT IS A CFTICNAL SUBROUTINE. IF NOT NEEDED, SET M 0. *3535
C********CIF STATEPENTS CCNTROL COMPILATION OF VARIOUS OPTICNS, USING *3586

C******** PORAMETERS KPLCTR, KPLOIT, ANC KPLOTL IN CLICHE STORK. *3537
C********0080 RCUTINES SETCI',FRAME, CARTMM, LOGMM, MAPX, ETPCH, SETCH, *3538
C********PCINTC, TRACEP, SETLCH, RCJNTR, ANC WRITE OUTPLT APE IOC, ARE *3539
C********LSEC CLY AT LRL. SUBSTITUTES MUST BE FOUNC IF SL8ROUTINE PLOT *3540
C********(S TC EE USED, NC EITHER Ml OR M11 IS NOT ZERO. *3541
CCC LOG SCALES ARE TEPPORARILY CHANGED TO LINEAR IF ARRAYS HAVE NC *3542
CCC FCSITIVE VALUES. *3543
CCC A PLCT IS DELETED IF SCALE LIMITS AGREE TO 6 SIGNIFICANT FIGURES. '3544
CCC FINAL TIME CF S. S. KWIT = 4) PROBLEMS IS NOT PLOTTED. *3545
CCC TEMP VS TIME PCINIS IN EXCESS OF M ARE NOT PLOTTED, EXCEPT FOR *3546
CCC FINAL TIME STEP. *3547

USE STORK t3548
USE SIORE 3549
USE STORM *3550
DIF(l11)982,982,961 *3551

S81 CONTlNUE *3552
DIF(I11)984,984,983 *3553

983 CONlINUE *3554
C********LSEC CLY IN PLCT. COULD BE REPLACEC BY A DIMENSION STATEMENT. *3555

DIFIKPLCTP)986,986,9985 *3556
985 CONTINUE *3557

COFPCN /AFLCT/ RPLCT(M4), TMAXPIM4), TMINPIM4), TPLCT(M4 *3558
986 CCNTINUE *3559

DIF(KPLCTT)9810,9810,9E7 *3560
987 CONTINUE *3561

COMPCN /AFLCT/ NOCEPI(NI), NOXEP(Mll), PTEMPIFPM11, PTIVEIMI) *3562
COMCK /AFLCT/ PRAC(MF1l *3563
DIF(KFLCTL)989,989,988 *3564

988 CONTINUE *3565
DIMENSICh TCCNT(41) *3566

989 CONTINUE *3567
9810 CCNTINUE *3568
CCC *3569
CCC *3570

IFI(CYC - 1) 6100,3100,4200 *3571
610C IF(IeLCCK - 11)2160, 105,2160 *3572
6105 CONTINUE *3573

CCC INPUT CATA ELCCK 11. GRAPHICAL OUTPUT CONTROLS AND SPECIFICATICNS. *3574
INFRA = IhTERP ITHERM = NGRIC NTARP = NUP 0 *3575
NOSTEP = NOSTI = OSR = NOSRT = 1 *3576
REAC I NB,5820 JPIC, LOGR, LOGTEM, LOGTIM, *3577

S FRAC1, FFAC2, FTEMPI, FTEMP2, FTIME1, FTIME2 *3578
IF(JPIC) 6110,2100,210C *3579

6110 DIF(KPLCTP)9834,9834,9833 *3580
S833 CONlINUE *3581

jPyr = -JFIC *3582
NTAFp 1 *3583
NUP = 1 *3584
WRITE M,5955 ) FIN *3585

9834 CCNI1UE *3586
2100 IFILCGR) 6115,2102,2102 *3587
6115 LOGP = -LCGR $3588

NCSR = CSRT = 2 *3589
2102 IF(LCGR - 1000)2104, 61209 6120 *3590
6120 LOGP = XPCDF(LCGR,1000) *3591

INFFA = *3592
2104 IFILCGR - 1001 2105, 6125, 6125 *3593
6125 LOG = XCDF(LCGR,100) *3594

INlERP 1 03595
2105 L0SP = XPINOF(1,LCGR) *1596

IF(XAeSFILOGTEM3 - 100)2110, 6130, 613C '3597
6130 NGRIC =1 *3598

LOGTEM =X0CCF(LOGIEM,1CO) *3599
2110 IFILCGTEM) 6135,2115,2115 *3600
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6135 NCSTE)' = 2
LOGTE - - LCGTEM

2115 LCSTEP XMINOFILCGTEM)
IF(XASSF(LOGTIPI-100I2120, 6140, 6140

6140 ITHERA a1
LOGTIP -XPCCF(LOGTI,100)

2120 IF(LCGTII) 6145,2125,2125
6145 NOSIIP 2

LCGTIM -LCGTIY
2125 LOSTIP - XPIhOFll,LOGTIMI

IF(FRAC2) 2130, b150,2130
6150 FRACZ = .0
2130 IFIFTEPP2) 2135. 6155,2135
6155 FTEMP2 - 1.0
2135 IF(FTIlE2) 2140, t160,2140
6160 FTIPE2 1.0
2140 WRITE ( P.5825 )JPIC,LOGR, LOGTEMLOGTIYFRAOI,

S FRAC2,FTE)4P1,FTEPP2,FTIMEI,FTIME2
REAC I NB,5860 (NX1IJI, J=10NI1)
00 2145 J - 1,111
FIXt(JIl 6165,2150, 6165

6165 NUP NUP + 1
2145 CCNTIKUE
2150 NUPI UF - TARF

IFINUPI) 2160,2160, 6170
6170 DIPtKPLCT7)9812,9812,9811

9811 CCNTINUE
D0 2155 J INUFI
NODEPIJI a X11J)
NOXEPIJ) a NXI(J3

2155 CCNTINUE
WRITE I M,5865 3 1411,9( I 1,163, INODEP(J),Jxl,hUPl)

9812 CONTINUE
2160 RETLRN
C CPLETEC LCCK 11.
CCC STAFT HERE AT END CF CYCLE 1.
3100 NPLCT = SKIP = 0

CALL FRAPE
DIFIPLCTI)9816,9816,9813

9813 CCNTINUE

IBLCCK 11
CALL REFEPINCCEPICXEP,NUP1,NOCE,NOOES)
IFIxwIT)4705, 61759,4705

6175 CCNTINUE
CCC FINO CCE LCCATIONS FCR TEMP VS TIME ANC ISOTHERM PLCT NODES.

IF(NUP - 1)3210,6180, 6180
6160 DO 3110 h LNUPI

J NCDEPINI
REX = CCE(JI
IFIXCC - 23105, 6185, 6185

6185 REX RAOIUSIJ)
310, PRACIN) FRAC1 + FRAC2*REX
3110 CONTINUE

DIFKPLCTL98 15,98 15,9814
S814 CCNlINUE
CCC MAKE SURE NCCE LOCATICK ARRAY AS NO ZERO SLOPES RCCNTR UG).

00 3200, h 2,NUFI
lFIPRACINI - PRALIN-1))3200, 6190,32CO

6190 PRAC(NI 1.U00001*PRACINI + .OE-24
3200 CCNIINUE

CALL CARTPIthUFlPRMINPRMAX,PRAO,l)
IF(PRPAX) 6195, 61S5,3205

6195 LOGR - LCSR 0
NCSFT 1 I

3205 IF(LCGR)3210,3210, 62CO
6200 CALL LCGPMILCGRNUPIPRMINPRMAXPRAD,1)

9815 CCNTINUE
9816 CONTINUE
3210 IFIXWIT)4705, 6205,4705
6205 UIFIXPLCTP19818,9818,9817
9817 CONTINUE
CCC FINC NOCE LOCATIONS FCR CRT PLOTS.
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*3602
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* 3668
*3669
*3670
*3671
*3672



p

IF(INTARF4200,4200, 6210 *3673
621C UC 3305 N = 1,NOCES *3674

REX = NCOE(N3 '3675
IF(I(C - 2)3300, 6215, 6215 *3676

62L5 REX = RACIUS(N) *3677
3300 RPLCTIh) FRACI FRAC2*REX *3678

TFAXPIN) = -1.0E24 *3679
TFIKP(K) = 1.OE24 *3680

330 CCN IIUE *368t
CALL CRTPM(NOCESPMINRRMAXRRPLOT,1) *3682
IF(APAXP) 6220, 6220,3310 *368J

622C LOGR LSR - 0 *3684
NCS z 1 *3685

3310 IFILCGR)420094200t 6225 *3686
6225 CALL LCGPM(LCCRNCCESRMINRRMAXRRPLOTl) *36d1

9818 CCNTINUE *3688
CCC START ERE AFTER CYCLE 2 OR LATER. *36d9
4200 IF(XWIT - 4) 6230,4215, 6230 *3690
6230 DIF(KFLCTT)9S20,982O,9e19 *3691
9819 CGNTINUE '3692

CCC LIMIT NFLCT TO Ml. SAVE FINAL TEMPERATURES AND TIME. *3t93
NPLCT = NLCT 1 *3694
IFINPLCT - )420594205t 6235 *3695

6235 NPLCT Ml *3696
NSKIP NSKIP 4 1 *3697

4205 PTIPE(NPLCT = FTIMEI * FTIME2*SUMTIM *3698
CCC FINC TEMPERATURES NC TIMES FOR CRT PLOTS. *3699

IFI(UP1)4215,4215, 6240 *3700
6240 OC 4210 N INUP1 *3701

PTEMPNFLCTtN) FTEMP1 + FTEMP2*T(NOCEPINI) *3702
4210 CONTINUE *3703
5820 CONTINUE *3704
C '37C5
C------PAKE TEMPERATURE VS NODE LOCATION PLOTS. *3706
C *3707
4215 IFINTARF4400,4400t 6245 $3708
6245 DlF(KFLCTP19822,9822r9821 *37C9

5821 CONTINUE *3710
00 4330 MTEP = 1,hOSTEM *3711
LAGTEP LOGTEP *3712
LASTEM = LOSTEP *371i
IF(KTEP - 2)4220, 6250, 6250 *3714

6250 LAGTE = LASTE 0 *3715
4220 00 4325 KR IoNLSR *3716

LASP = LCSR *3717
IF(KR - 2)4225, 6255, 6255 *3718

625i LASP 0 *3719
4225 DO 4235 N 1,NOCES *3720

TPLCTI) = FTEMP1 + FTEMP2*TIN) *3721
TMAXP(N) s MAXIF(TPAXP(N),TPLOT(NI) *3722
TMIKP(h) = PlNlF(TrlNPINlTPLOT(NI) *3723

4235 CCNTIlUE *3724
RMIN = RMINR *3725
RMAX = RPXR *3726
IF(I1FRA14250,425C, 6260 *3727

62bO TX - 0.5*IA8SF(SU??TIM * 1.OE-12)1**t-C.5) *3728
RMIN = PPINR*TX *3729
RPAX RXR*TX *3730
DC 4245 h - 1NOCES *3731
REX = NCCE(NI *3732
IF(KC - 2)4240, 6265, 6265 *3733

6265 REX = RADIUS(NI *3734
4240 RPLCT(h) (FRACI FRA02*REX)*TX *3735
4245 CCNTIKUE *37j6
4250 CALL CARTDM(NCCES,TRIN1,TMAXITPLOTl) *3737

IF(TPAX 6270, 6270,4305 *3738
6270 LAGTEP - 0 $3739

LAS7EP = C *374C
KTEP = 2 *3741

4305 IFILAGTEP)431094310, 6275 *3742
6275 CALL LCGPI(LAGTEMCCEStTMIN1,TMAX1,TPLOT,1) *3743
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4310 CALL FRAPE *3744
FIRAX - RMIN - I.0E-6*A8SFlRMAX3)4?5C,4!5a0 6280 *3745

6280 IFITAXI - TPINI - I.OE-6*A8SFITMAX1)43S50435C 62e5 *3746
6285 NART = 5 3*LASR * 2*LASTEM*t1 - 2LASR) 4 4*NGRID *3747

CALL PAPXINARTRMIN,RMAX,TMIN1,TMAXItC.210,0.S2CC.172,0.599) *3748
CALL SETPCH(O,0,O,0, 32) *3749
CALL PCIFTCI1k*,RPLCT.TPLOTNOCES) *3750
IF(INTERP) 6290,4315, 6290 *3751

6290 CALL TRACEPI RPLCTvTPLaT,N0DES,3) *3752
4315 CALL SETCRI 7.6,69.0,1,0,0,1) *3753

WRITE 100,5810 ) FIN *3754
CALL SETC-(60.C0,.0,1.0,0901 *3755
WRITE I 100,5815 ) FIN *3756
NCYC KCYC - *3757
CALL SETCH116.0,3.0) *375d
WRITE I 100,5950 )PTIPE(NPLOT),NPLOT,NCYC,NPROB, *3759
S NAPEeCLCCKBtCLOCKA *3760

4325 COYIhUE *3761
4330 CONTINUE *3762

WRIIE I HW,5990 )SUMTIM *3763
CALL FRAYE *3764

CCC WRITE CUT TABLE OF CATA PLOTTEC ON TEMP VS NOCE LOCATION PLCT. *3765
4350 CALL SETCI116.0,64.01,Ov0t0) *3766

NCYC = KCVC - 1 *3767
WRITE I 100,5950 )PTIFEINPLOT),NPLOT,NCYC,NPRO8,NAPECLOCK8,CLCCK $3768
XA *3769
WRITE 10095970 1 FIN *3170
WRITE 1005800 ) FIN $3772
WRITE I 100,5975 )lNOCEINIRPLOTINITPLOTlN) N I I,NODES) *3772
WRITE I 100,5800 ) FIN *3773
IFIM - IOC14400, 6295,4400 *3774

6295 CALL FRAME *3775
S82 CONTINUE *3776
4400 IFIKIT)470S,4705, 63CO *3777
6300 CONTINUE *3778
C *3779
C--------PAKE TEMPERATURE VS TIME PLOTS. *3780
C $3781

IF(UP114600,4600, 6305 *3782
63Ub DIF(KPLCTT)9826,9826,9823 *3783

9823 CONTINUE *3784
DD 4465 KTEP = 1,NOSTEM *3785
LAGIEP = LOGTEP 3786
LASTEP = LOSTEP *3787
IF(KTEY - 2)44CS, 6310, 6310 *3788

6310 LAGTEP - LASTE - 0 *3789
4405 00 4460 KTIP = IhOSTIM *3790

LAGTI = LOGTIP *3791
LASTIP - LOSTIP *3792
IFIKTIP - 214410, 6315, 6315 *3793

6315 LAGTIP LASTIP 0 *3794
4410 TMINI = I.OE24 *3795

TMfXI = -1.0E24 *3796
CCC FINC -IGHEST AND LCWEST TEMPERATURES TO BE PLOTTED. *3797

DG 4415 = 1NUPI *3798
CALL CARTPMINPLOTTLCWTHIGHPTEMPI1,N),1) *3799
TMINI = PINlFITMIlTLCWI *3800
TMAXI = PAXIFITMAX1,T-JGH) + I.OE-24 *3801

4415 CCNTINUE *3802
DYi = 1.0 *3803
OY2 = (TPAXI - TMIN1)* 0.015 $3804

IFITPAXI) 6320, 6320,4420 *3805
6320 LACTEP = LASTEP - 0 *3806

KTEP 2 *3807
4420 IF(LAGTEM)4435,4435, 6325 *3808
6325 TMIN* I.OE24 *3809

TLCW TMAXI*O.1**LAGTEM *3810
DO 4430 h 1,UF1 *3811
00 4425 J * INPLOT *3812
IF(PTEMPIJsNI - TLCW14425 6330, 6330 *3813

6330 TMIKI = PINlF(TMIl1,PTEMP1J,N)) *3814
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4425 CCNTINUE *3815
4430 CCNTINUE *3816

DY! (tXl / TMINlI*4O.015 *3H17
DY2 = O.C *3L88

CCC FINC lGIhEST AC LCWEST TIMES TO BE PLOTrFC. *3819
4435 STAPT PTIPEII) *3820

FINIS FTIIEINPLCT) l.OE-24 *36Z1
DXI 1.0 *3e2
OX2 = (START - FIKTS)* 0.040 *3823

IFIFIhIS) 6335, 6335,4440 *3824
6335 LAGTI = LASTIP 0 *3825

KTI = 2 *3826
4440 IF(LAGTIY)4445,44459 6340 *3827
6340 PTMEIII 0.999*PTIME(2) *3828

START = MAXlFIPTIE(2),FINIS*O.1**LAGTIM) *3629
DXI = (START / FIKIS)**0.040 *3830
DX = 0.0 *3831

CCC PLOT ANC RITE OUT TEMP VS TIME FOR CRT NODES. *3832

4445 CALL FRAME *3833
IFIFINIS - START - 1.0E-6*ABSFIFINIS)114470,447C, 6345 *3834

6345 IF(TPAXI - TPINI - L.OE-6*ABSFITMAXI))4470,44lC, 635C *3835
6350 NATT = 5 * 3*LASTIM 4 2LASTEM*(L - 2*LASTIM + 4*NGRID *3836

CALL AFX(NATTSTARTFINISTMIN1,TMAX1,C.210,C.S2CtC.172.C.999J *3837
KINT = XPAXOF(1,(NFLOT 4)/5) *3838
DO 4455 - 1,NU1 *3839
CALL PCINTC(lH*,PTIMEPTEMP(1,N),NPLOT) *3840
CALL TRACEPI PTIMEPTEMP(1.N),NPLOT,3) *3841

CCC LABEL CURVES WITH OCE NUMBERS. *3842
00 4450 K = 1,NPLCTKINT *3843
L - NPLCT - K 1 *344

XMAP CXI*PTIPE(L) + CX2 *3845

YMAF = CYI*PTEMP(LN) OY2 *3846
CALL SETLCH(XPAPYfAP) *3847
WRITE 100,5860 NCXEP(NI *3e48

4450 CONTINUE *3849
44i5 CCNTINUE *3e5o

CALL SETLCH(FINISTMAXI) *3851
C CLEARS ANY ERPOR FLAGS CC8o BUG). *3852

CALL SETCfI 7.6,6i.0vi,0,l) *3853
WRITE 100,5810 FIN *3854
CALL SETCl-f74.0,5.0,lO,0,0) *3855
WRITE I 100,5830 I FIN *3856

CALL SETCl16.C,3.0) *3857
WRITE 100,5810 INPRCBNAME,CLOCKB,CLCCKA *3858

4460 CONTINUE *3e59
4465 CONTINUE *3860

CALL FRAME *3861
WRITE I MW,5880 )INCXEP(N),N INUPI) *3862
PRINT 5880 ,INOXEPININ - 1,NUP1) *3863
IFMISKIF)4470O44709 6355 *3864

6355 WRITE I MW,5875 INPLOT,NSKIP *3865
PRIhT 5875 ,NPLCT,NSKIP *3866

CCC WRITE CUT TAELES CF TEMP VS TIME POINTS PLOTTED ON CR1 GRAPH. *3867
4470 CALL SETCH116.0,64.01 *3868

wRITE I 100,5870 NPRCBtNAMECLOCKBtCLOCKA '3869
WRITE 100,5800 I FIN *3670
DO 4475 h - NUPI *3871
WRITE 100.5850 )NOXEPINI,PkACINI *3872
WRITE ( 100,5855 )(PTEMPIKN)9 PTIME(KI K 1,NPLCTI *3873
WRITE 100,s500 FIN 3874

4475 CGNIhUE *3875
C *3876
C------ AKE hCOE LCCAriON VS TIME ISOTHERM) PLOTS. *3877
C *3878

IFIITEPV)4600v46G0 6360 *3879
6360 DIF IKPLCTL)9825t9825*9824 *3880
5824 CONTINUE *3881

IFIPRPAX - PRVIN - 1.0E-6*A8SFIPRMAX114eCO,46CC, 3e5 *3882
6362 IFINUFI - 114600,4600, 6370 *3883
6370 DC 4540 KR = NCSRT *3884

LASR LCSR *3885
IFIKR - 2)4480, 675, 6375 *3886
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6375 LASR 0
4480 00 4535 %TIP s I,NOSTIM

LAGTIM a LCGTIY
LASTIP - LOSTIP
IFIXTI - 214500, 6380, 6380

6380 LAGTI = LASTI s 0
4500 START - PTIPEI1)

FlMIS a FTIME(NPLCT) 4 .OE-24
IFIFIKIS) 6385, 6385,4505

6385 LAGIIY = LASTIY 0
KTI = 2

4505 IF(LAGTIP)4510,4510, 6390
6390 PTIPEII - 0.999*PTIME12)

START - PAXIFIPTIME12) FINIS*0.1**LAGTIMI

4510 NACRT 5 + 3*LASTJM 2*LASR*(1 - 2*LASTIM) * 4*NGRID
IFIFINIS - START - 1.OE-6*A8SF(FINIS1I46CO,46CC, 635

6395 CALL FRAPE
CALL APXINACRTSIARTFINIS.PRMINPRMAXtC.2lOtC.920,C.172,C.99)
TINT - 5.O*TVARY*AeSFfFTEMP2)

4515 NINT = 0.5 + TMAXI - TIN1)/TINT
IFIINT - 10) 64CC,4520,4520

6400 TINT 0.5*TINT
GO TC 4515

4520 IFIhINT - 4014525,4525, 6405
6405 TINT 2.0*TINT

GO TC 4515
4525 Ni IPIN1/TINT

P1 i
TCOPT(l) PTINT
NI TAXI/TINT
Pl * Ni
TCONT(2) P1*TINT
NINT 0.5 + TCONT(2) - CONT(l))/TINT
NCLR = -INT + 1

CCC MAKE SURE TIYE ARRAY -AS NO ZERO SLOPES RCONTR BUG).
DO 4530 N 2NPLCT
IF(PTIME(NI - PTIPE(N-1))4530, 6410,4530

6410 PTIPE(hI = 1.000001*PTIME(N-1)
4530 CCNTIhUE

CALL RCCNTRINCURrtCCNT,0,PTEMPMl1PTIMElNPLCT,1,PRACGlNLPIl)
CALL SETC-I 7.6,57.0,0,0,0,1)
WRITE 100,5815 FIN
CALL SETCI174.0,5.0,0,O,0,0)
WRITE 100,5830 FIN
CALL SETCI-116.0,3.0)
NCUR = -CUR

WRITE 100,5900 TCCNT(l),TINT,TCONTINCUR),NPROB,
S NAPENCLCCK8,CLOCKA

4535 CCNTINUE
4540 CONTINUE

WRITE I MW,5905 TCCNT(i),TINT,TCONTINCUR)
PRINT 5905 TCONT(11,TINTTCONIINCUR)

9825 CCNTIKUE
9826 CGNlINUE
C
C--------AKE AXIMUM ANC MINIMUM TEMPERATURE VS NOCE LOCATION PLOT.
C

*3887
*3888
*3et9
*3890
*3891
*3892
*3093
*3894
*3895
*3896
*3897
*389d
*3899
*3900

* 3901
*3902
*3903
*3504
*3905
*3906
*3907
*3908
*3909
*3910
*3911
*3912
*3913
* 3914
*3915
*3916
*3917
*3918
*3919
*3920
*3921
*3922
*3923
*3924

*3925
*3926
*3927
*3928
*3929
*3930
*3931
*3932
*3933
*3934
*3935
*3936
*3937
*3938
*3939
*3940
*3941
*3942
*3943
*3944
*3945
*3946
*3947
*3948
*3949
*3950
*3951
*3952
*3953
*3954
* 3955
*3956
*3557
*3958

4600 IF(hTARP)4700,4700, 6415
6415 DIFIKPLCTR)9828,9828,9827

9827 CCNTINUE
DO 4630 TE = 1,NCSTEM
LAGTE = LOGTEY
LASTEY a LOSTEM
IF(KTE - 246C2, 6420, 6420

6420 LAGlEt - LASTEt 0
4602 DO 4625 KR = 1,NCSR

LASR = LCSR
IF(PR - 24604, 6425, 6425

642j LASR = 0
4604 CALL CARTPM(NCCES,TEXTPMAXTMAXPl)

CALL CARTPMINCES,TPNINTEXTMINPI)
IF(TPOIN) 6430, 6430,4605
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6430 LAGILF = C *3959
LASTEP C *3960
KTEP = 2 *3961

4605 IFILAGTEM346lO,46t0, 6435 *3962
64X CALL LCGFI(LAGTEMNCCESTPMINTEX,TMINP,I) *3963

TPMIN = MiXIFITPMIN,TPMAX*0.1**LAGTEMI *3964
461U CALL FRAME *3965

IF(RPAX - RPI - 1.OE-6*AeSF(RMAxf)465C,465o, 644C *3966
6440 IF(TPPAX - TFMIN - 1.OE-6*ABSF(TPMAX)I4f5O,465C, 445 *3967
6445 NAR = S + 3*LASR 2 2*LASTEM*(t - 2*LASR) 4 4*NGRID *3968

CALL APX(NARTRMINRMAxtTPMINTPMAXC.210,o.s2Cc.C172,C.9991 *3969

CALL PCINTC(lH*,RPLCTTMINPNnOES) *3970
CALL FCIKTC(11h*,RPLCT,TMAXP,NUCES) *3971
IF(INTERF) 6450,4615t 6450 *3972

645C CALL TRACEPN RPLOTTMINPNODES,3) *3973

CALL TRACEP( RPLCT,TMAXP,NODES,31 *3974
4615 CALL SETCI-I 7.6,59.0,1,0,0.1) *3975

WRITE 100,5960 ) FIN *3976

CALL SETCF16o.o,5.o01,C,0,) *3977
WRITE 100,5815 FIN *3978

CALL SETCII16.0,3.01 *3979
WRITE 100,5965 )hPRCBNAMEtCLOCKBCLOCKA *3980

4625 CONTINUE *398L

4630 CONTINUE *3982
WRITE MW,5995 I FIN *3983

PRINT 5995 *3984
CCC WRITE CUT TABLE OF DATA PLOTTED ON MAX AND MIN TEMP PLOT. *3985

CALL FRAME *3986
4650 CALL SETClH16.0,64.0,1,0,0,01 *3987

WRITE 1 100,5965 NPRCB,NAME,CLOCKB,CLOCKA *3988

WRITE 1 100,5980 FIN *3989
WRITE I 100,5800 FIN *3990
WRITE I 100,5985 )(NCCE(N),RPLOTIN),TM INP(NI, *399L

S TPAXPINI, z 1,OCES) *3992
WRITE 100,5800 1 FIN *3993

9828 CCNIINUE *3994

C *3995
C--------RESTCRE PAGE, FCRMAT CONTROL, RETURN TO HEART. *3996

C *3997
4700 WRITE I MW,5805 FIN *3998

CALL FRAME *3999
4705 IFf - 10014710, 6455, 6455 *4C00
6455 CALL SETCFI 6.0,64.0,1,0,0,0) *4001

5800 FORPATI 100(lH=bAl) *4C02
5805 FORPAT( /,lOX,20HENC OF CRT PLOT DATA,//,Al) *4C03
5810 FORPATI1II-TEPPERATUREAl) *4C04

5815 FORPAT(321NCCE LOCATICN (NUMBER OR RACIUS),AI) *4COS
5820 FCRPAT415.6El0.3) *4006
5825 FORPAT(//,12X,94HJPIC LOGR LOGTEM LOcTIM FRADI FRAD2 *4007

s FTEPPI FTEFP2 FTIMEI FTIME29/l0X4Is4XlP6El2.4) *4C08
5830 FORPATI4HTIME,JIl *4Co9

DIF (KFLCTT)9830,983099829 *4010
9829 CONTINUE *4011
5850 FORFAT(/t4HNC0E*I693s5q. TEMPERATURE VS TIME. LOCATION , *4012

S IFE13.5s//,8X,4I4HTEMP,8X,4HTIMEBXI *4013

5855 FORPATI 4XlP8El2.4) *40L4
5860 FORtAT(1615) *4015
5865 FORPATf//TOX,47HNCCES FOR TEMPERATURE VS TIME CRT PLCTS. MAX , *4016

1 139/,LCXSHINDEXxl6l5,/,lIX,4HNDE,1615) *4017
587C FORPAT(271-FIG. rEMPERATURE VS TIME.,63X, 9HOATA DECK#151t *4018

1 A1,14A5vA1,4A2,8Xv2(2XA6l) *4019
5875 FORFAT(l5(1H*),24FTOC ANY CRT PLOT TIMES.,2X97HPLO7TEOI5S *4020

1 15H TIMES, SKIPFECI,7H TIMES.) *4C21
5880 FORAT I /,IOX,30HPLOTTED TEMP VS TIME FOR NOOESLCI6,iiOX,616) *4022

D IFIKPLCTL)98369836,9e35 *4023

9835 CCNTIKUE *4CZ4
5900 FCRPAT(43FFIG. NCCE LOCATION VS TIME FOR ISCTHERMS ,IPElC.3,1Ht, *4C25

E.3,lH),ElO.3,l5Xt9I-OATA DECK,15.s/AI14AtAI,4A2,e8X,22XA6)) *4026
590 FORPATI /,1OX,43HPLCTTEO NODE LOCATION VS TIME FOR ISOTHERMS, *4027

s lXlPEI2.5,lb(vE12.5,IH),El2.51 *4028
9836 CONTINUE *4029
9830 CONTINUE *4030
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DIFIKPLCTP)9832,9832,9831
9831 CCNTINUE
5950 FCRPAT(441FIG. TEMPERATURE VS NODE LOCATION AT TE.IPEI3.5,6X,

S 4HFLCT,15,4X,5HCYCLE,15,4X,9HOATA OECK,15,/,
2 Al14A59Alv4A2,8X,212XA61)

5955 FORPAT1 /1OX,3OHWILL MAKE TEMP VS RACIUS PLOTS,A1)
5960 FORtAT(33- MAXIMUP AND MINIMUM TEMPERATURESAl)
5965 FORPAT(571FIG. PAXIMUM AND MINIMUM TEMPERATURES VS NODE LOCATION

S.,33X, 9HCATI CEC,15,/,Al,14A5,AI,4A2,8X212XA6)I
5970 FORFAT(//,3(30h NCCE LOCATION TEMPERATURE,5X),AII
5975 FORPAT(3f6,2El2.4,5X))
5980 FORMATI//,PZ4114 NCDE LOCATION MIN TEMP MAX TEMPllX),AII
5985 FCRtATI2116,3E12.4,10X))
5990 FORPATt /,IOX,38HFLOTTEC TEMP VS NODE LOCATION FOR IIPE,IPE13.5)
5995 FORPATI /,IOX,42HPLOTTED MAX NO MIN EMPS VS NODE LCCATICN,AI)
9832 CONTINUE
984 CONIIhUE
982 CONTINUE
4710 RETURN
CCC END CF PLCT. RETURN TC HEART.

END

* CAROS CCLUMN PRIME
* LIS 8
* FORTRAN PRIME

SUBROUTINE PRIPE (REAC,NLIST,MALL,MUNCH,XO,XC,XK,XT,XTP)

C*******VERSICh 5/20/69.
CCC PRIPE SAVES CATA CECKS ON UNIT NOATA IF DECKS OPTICN USED.
CCC PRIPE REACS IN MATERIAL SELECTOR LIST FROM N (IF MALL s 0, AND
CCC TRANSFERS DATA FOR SELECTED MATERIALS IR ALL, IF ALL 1)
CCC FRCM TAPE NREAC TC TAPE NLIST, WITH OPTIONS IF PNCH s 2 CR
CCC PCRE) FOR CCNVERTING UNITS OF DATA BEFORE TRANSFER.
CCC NREAD IS REWOUND EFORE AND AFTER TRANSFER IF NOT NRS, NR, OR NB,
CCC AhC CT NEGATIVE.
CCC NREAC IS ACKSPACEC AFTER ACTUAL EOF IS REACHED IF RS, NR, OR NB.
CCC IF NREAC IS RS, NR, OR N, S IN COL I IS RECOGNIZED AS AN EOF.
CCC NLIST IS REWCUO BEFORE AND AFTER TRANSFER IF NOT M, , OR 100,
CCC ANC CT NEGATIVE. IF NOT W, M, OR 100, NLIST WILL BE ENDED
CCC WITH A BLANK RECORC ANC ENCFILEC.
CCC BUFFERING RATE IS ABOUT 4500 CARDS PER MINUTE.
CCC TRIES 10 TIMES ON 10 CECKS BEFORE GIVING UP.
CCC CCPIEC CARDS APE LSC WRITTEN ON TAPE MW (3 AT LRL).
CCC

USE STCRK
DIFIXPRIME)910,910,91

91 CONTINUE
USE STCRE

CCC WILL USE STCRM ONLY TO GET ARRAY NXI.
USE STORM
INTEGER PPS,A1
CHAF KCHAP

C**s*****LABELLED COPMON APRIM USED ONLY IN PRIME. COULD BE REPLACED BY
C***S*** A OIPENSICh STATEMENT.

COMPCh /AFRIA/ MATP(M2),ATS(M2),P120),PS(IC).PROP(M9),TVARPM9I
DIMENSICh KCHARI1)
EQUIVALENCE KCHAR,P)

*4031
*4032
*4C33
*4034
*4035
'4036
*4037
*4038
*4039
*4C40
*4041
*4042
*4043
*4C44
*4045
*4046
*4047
*4048
*4049
*4050
*4051
*4052
*4053
*4054
*4055
*4056
$4057
*4058
*4059
*4060
*4061
*4062
*4063
*4064
*4065
*4066
*4067
*4068
*4069
*4070
*4071
*4072
*4073
*4074
*4075
*4076
*4077
*4078
*4079
*4080
*4081
*4082
*4083
*4084
*4085
*4086
*4087
*4088
*4089
*4090
*4091
*4092
*4093
*4094
*4095
*4096
*4097
*4098
*4099
'4100
*4101
*4102

CCC
CCC
CCC
CCC
CCc
CCC

SET UP CCLEAN WORCS USED IN MASKING OPERATIONS.
MASNI KEEFS RIGHT 4 CHAR, MASK2.SHL.24 KEEPS LEFT CF 10 CHAR.
MAS93 KEEPS LEFT 6 OF 8 CHAR, MASK4 KEEPS LEFT 2 OF E CHAR.
MASPS KEEPS RIGHT 6 CF 8 CHAR, MASK6 KEEPS RIGHT 2 CF 8 CHAR.
DATA (MASK1 - 777777778), (MASK2 - 7777777777778),
1 IMASK3 a 77777777777700008), IMASK4 7777CCOOCCCCCCCOBl,
2 (MASKS - 7777777777778), (MASK6 a 77770)

CCC
CCC ELIPINATE ERRGR WARNINGS ON SUBROUTINE RETURN ARGUMENS.

DATA INHCUR - C), INDATE * 0), INWR - O), INW C)
CCC
CCC ENTER SUBROUTINE H-ERE.
CCC
CCC FIND WORDS/CARC RECORD, OCTAL EQUIV. OF RIGHT-ADJ. S.
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NW = 8 *4103
KOK = 4E *4104
IF(ILUCGE - 6600) 6100,2100,2100 '4105

610U NW 10 *4106
KOR 538 *4107

CCC *4108
CCC SET LANK OR ZERO REAC TO NB, BLANK CR ZERO NLIST IC 4. *4109
CCC PREVENT REWINOING IF NREAC, NLIST NEGATIVE, OR REGULAR I/O LNITS. *411C
2100 NWINCW = C *4111

IFtbLIST)2110, 6L05v2L05 #4112
6i0> NLIST = 4 *4113

2105 IFMINLIST - W)*(NLIST - 100)*INLIST - M)) 611C,211C, 611C '4114
6110 REWINC LIST *4115

GO TC 2115 *4116
2110 NLIST - XABSF(KLIST) *4117

NWINCW = -1 *4118
2115 NWItCR = C *4119

IF(fREAC)2125, 6115,2120 *4120
6115 NREAC N '4121

2120 IF((NREAC - N8)*fhREAC - NR)*1NREAO - NRS)) 6120,2125, 612C *4122
6120 REWINC REAC 64123

GO TC 213C *4124
2125 NREIC = XABSF(KREAC) *4125

NWINCR - -1 *4126
213G WRITE I M,5840 ) NREAO, NLIST, MALL. MUNCH, NWINOR, NWINDW *4127

PRINT 5840 , NREAC, NLIST, MALL, MUNCH, NWINOR, NbINOW *4128
CcC '4129
CCC SET UP UNIT CCNVERSION FACTORS FOR DATA CN OUTPUT TAPE. '4130

MALT - PALL *4131
IFIOUNCH - 12200,2200, 6125 *4132

6125 IFIPUNC - 5) 6130,2150,2155 *4133
6130 IF(PUKCF - 3) 6135,2135,2140 *4134
6135 XD = 1000.0 $4135

XC - 4186.0 *4136
XK a 418.6 *4137
XT a 1.0 *4138
XTP - 273.15 *4139
GO IC 2155 *4140

2135 XO z 62.43 '4141
XC a 1.0 *4142
XK a 242.0 *4143
GC TC 2145 *4144

2140 XO - 0.03613 *4145
XC s L.0 *4146
XK - 0.005602 *4147

2145 XT a 1.8 *4148
XTP = 32.C *4149
GO TO 2155 *4150

2150 XO a 1.0 *4151
XC a 0.001 *4152
XK 0.00864 *4153
XT z 1.0 04154
XTP - 0.0 *4155

2155 XH XC*Xr *4156
MALT 0 0 *4157
WRITE I P,5800 XCXCXKXTXTPPXF *4158

CCC 04159
CCC REAC IN PATERIAL SELECTOR LIST. *4160

2200 NMAIS = 30000 *4161
IFIPALL) 6140, 6140,2300 *4162

6140 N - hPATS = 0 *4163
WRITE P,5875 NREAO, NLIST *4164

2205 REAC ( NB5845 PATPXt MATSXs NLANK *4165
IF(PATPX - heLANKi 6145,2220, 6145 *4166

6145 NMATS h N * 1 *4167
CCC PROTECT EMORY FRCP ARRAYS MATP AND MATS OVERFLOWING. *4168

IFlIPATS - P2)2210,2210, 6150 *4169
6150 N PATS P2 *4170

KWIT 11 *4171
2210 IF(PATSX - NeLANK)2215, 6155,2215 *4172
6155 MATSX = PATPX *4173
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2215 MATPIN) = MATPX *4174
MATS(h) MATSX *4175
WRITE P,5805 ) AIPX,MATSX,N *4176
GO C 2205 *4177

CCC *4178
CCC REORDER LIST INTO ASCENDING PRIMARY MATERIAL NUMBERS. *4179
2220 IF(NMATS)2300,2300, 6160 *4180
6160 DO 2230 N = i,NNbTS - 1 *4181

DC 2225 hN - N 1,NMATS '4182
IFIPATPIN) - MATPIhN))2225,22?5, 6165 *4183

6165 NI MATP(N) *4184
MATFIN) MATP(NN) *4185
MATF(NIh) NI *4186
NI = ATS(N) *4187
MATST MATSINN) *4188
MATSIAN) Ni *4189

2225 CCNINUE *4190
2230 CONTINUE *4191

WRITE I M,5865 NMATS *4192
CCC *4193
CCC BEGIN BUFFERING I NREAD, SEARCHING FOR SELECTED MATERIALS. *4194
CCC READ IN CRC IAGE FROM TAPE NREAD (FIRST CARD, ANO AFTER IOCHECK) *4195
2300 KMAT Nl a 1 *4196

N2 = NW *4197
KCOfY = NCARC - NCARCS MATCH NRED a 0 *4198
WRITE I MW,5880 ) READ, NLST *4199

CCC CHANGE FCONAT FOR CC80 OUTPUT TO 42 LINES, 85 CHARACTERS. *4200
IFlNLIST - 10012305, 6170,2305 *4201

6170 CALL FRAPE *4202
CALL SETCH1l.0,42.0,1O,1,0) *4203

2305 BUFFER IN NREAO,OI P(Nl),P(N2)) *4204
CCC FINC CUT IF REAC IS CVER, HOW MANY WORCS WERE READ IN. *4205
2310 IFILNITNPEACNWR)2310,2400,2315,2320 *4206
C AN END-CF-FILE HAS BEEN REACHED. *4207
2315 IF(ECF,NREAC) 617i,2400 *4208
6175 IFI(NREAC --NhS)*IREAC - NRI*INREAC - NB))31CC, 61EC,310C *4209
61dO CALL eSFACE INREAC) *4210

GO TC 3100 *4211
2320 IF (ICCHECKhREAO) 6185,2400 *4212

6185 CONTINUE *4213
C A TAPE CHECK HAS CCCURREC. TRY 10 TIMES BEFORE GOING CN. *4214

IF(hREC - 10) 6190, 6190,2325 *4215
6190 NREC NRED + I *4216

CALL SPACEINREADI *4217
GC TC 2305 '4218

2325 WRITE ( Pw,5855 I NCARC, (PIN), N NN21 *4219
PRINT 5855 , hCARC, IP(N), N = NN2) *4220

CCC *4221
CCC COPY CR TEST GCOO CARC RECORD. *4222
2400 NCARC NCARC + 1 *4223

IF(KCCPY) 6195, 6195,2600 $4224
6195 K (18 - N)*(NI - 1) *4225

II(thREAC - NRSI*INREAC - NRI*(NREAC - NB)124C5, 62CC,2405 *4226
6200 IF(KCHAR(P * 1 - KCR)2405, 6205,2405 *4227
6205 NCAR = NCARC - *4228

GO rC 310C *4229
2405 IFIPALT)2410,2410i 6210 *4230
6210 KCOFY = 1 *4231

GO rC 2600 *4232
2410 IF(XPAT - NMATS)2415,2415, 6215 *4233
6215 NCAPC = NCARC - *4234

GC TC 3100 *4235
CCC *4236
2415 CONTINUE *4237

OIFIMACPIE)93,93992 *4238
92 CONTINUE *4239
CCC CCODING FCP 6600 WITH 60-3IT WORCS, ASCII CHARACTER SET FDLLOaS. *4240
CCC SEE IF NEXT SELECTEC MATERIAL NUMBER IS ON CARD READ IN FROM NREAD *4241

lFIKCHAR1 + 1)) 220*2600 6220 *4242
6220 IFIPALL) 6225, 6225,2425 *4243
6225 IF(iPATPIXMAT).INT.d'SK1) - P(Nl).INT.MASK1I)2465, 230,26co *4244
6230 CCNTINUE *4245
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cCC
242G
CCc
2425

6235
2430
6240
243D

o245
2440
6250

93
CCc

SUBST!lkTE PTS(KFkT) fOR MASTER MATERIAL NUMBER.
P(N1I = P(N1).l.T.(MASK2.5HL.24)).UN.(MAS(KMAT).INT.*ASK)3
FINC CUT HAT TABLE LENGT-S ARE.
INTl = INT2 0
IFICHARII * 24)2Z430,2430, 6235
INTl = KCIAR(K + 24 - 208
IF(KCHAR(K + 251)2435,2435, 64C
INT2 = KCI-ARIK 251 - 200
LTAEC = C*IKT + NT2
INT = NT = C
IFICHAR(I + 29132440,2440, 6245
INTI = KCI-ARIK + 293 - 208
IF(lPCHARIK + 3C))2500,2500, 625c
INTZ - KCI-ARIK + 30) - 20B
CGNTINUE

*4246
*4247
*4248
*4249
*4250
*4251
*4252
*4253
*4254
*4255
*4256
*4257
*4258
*4259
*4260
*4261
*4262
*4263
*4264

*4265
*4266
*4267
*4268
*4269
*4270
*4271
*4272
*4273

DIF (ACHIIE)94,94,95
94 CCNTIAUE
CCC CODING CP 3600 WITH 48-BIT WORDS, 36CC ChARACTER ET FOLLCkS.

CCC SEE IF NEXT SELECIED MATERIAL NUMBER IS ON CARD REAC IN FROM NREAD
IFIKChAR(K 1 - 60E3 6255,2600, 6255

6255 IFIPALL) 6260, 626,C,2445
6260 IF(il(PATPIKMATI.S3-R.123.INT.MASK6 - PINI3.INT.MASK6)32465, 6265,

12600
6265 lFlFPATPNP"AT).lNr.MASK6 - ((PINL+1).SHR.36).INT.MASK63)2465, 627

10, 2600
6210 CONTINUE

CCC SUBSTITUTE MATS(KPAT3 FOR MASTER MATERIAL NUMBER.

CCC
2445

6275
2450
6280

2455

6285
2460
6290

95
CCC

CCC
2465

CCC
CCC
CCC
25Gu

6295
2505
630C

2510
CCC

PINID - (P(NI).IPT.MASK3).UN.I(MATSIKMAT).SHR.12).INT.MASK63)
PINI+I) = ((PINI+13.INT.MASK5).UN.((MATSIKMAT).SHL.3t).INT.MASK4)I
FIND CUT HAT TABLE LENGTHS ARE.
INT = IhT2 0
IF(KCHARIN + 24) - 60E) 6275,2450, 6275
INTI = KC-AR(K + 24)
IFICHARIM + 25) - bOB) 620,2455, 6280
INT2 = KCI-ARIK 253
LTABC = LC*INT + INT2
INTI - IT2 = 0
IF(ICHAR( * 29 - Oe) 6285,2460, 6285
INTI KCI-AR(K 29I
IF(%CHAR(K + 30) - 6083 6290,2500, 6290
INT2 = KCIAR(K 30)
CONTINUE

GC TC 250C
SELECTED PATL NCT (-h MSTER TAPE, SKIP TO NEXT SELECTED MATL.
WRITE I MW,5860 ) ATPfKMAT),NCARoNCAROSt(P(N), h NN2)
PRINT 5860 , MATP(KMATI,NCARO,NCARCSIP(N), N = IN2)
KrAT - KAT + I
GO IC 2405

CCFE HERE WHEN CAIA FR A MATERIAL IS TO BE WRITTEN OLT. P
FINt CUT -OW MANY CARES ARE TO BE SUFFERED ONlO TAPE LIST.
L.TAE = C*IhTl 0,72
KPAT KPIT + I
MATCH MATCl- + I
IF(LTABC - 12505, 6295,2505
LTAEC = 0
lF(LTA8K - 1)2510, 630C,2510

D LTAtK O
KCOPY = + ILTABL + 34 ILTABK * 3/4

*4275
*4276
*4277
*4278
*4279
*4280
*4281
*4282
*4283
*420,4
*4285
*428b
*42 87
*42tSB
*4289
*4290
*4291
*4292
*4293
*4294
*4295
*4296
*4297
*4298
*4299
*4300
*4301
*4302
*4303
*4304
*4305
*4306
*4307
*4308
*4309
*4310
*4311
*4312
*4313
*43 14
*41l5
*4316

CCC CONVERT UNITS EFCRE WRITING OUT CATA ONTO SECONDARY TAPE.
IF[MUNCh - 22600, 6305, 6305

63u5 DIF(PACI-1NE)9797,96
96 CCNTINUE

WRIlE 63,5815) ItN) N = N1,N2)
REAC (63,5830) A,Jl,KI,K2,LlL2,P1,P2,P3,P4,NXI

97 CONTINUE
DIF IMACHIKE)98,98 .9
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98 CONTINUE *4317
830 FORPATIA5,515,5E10.3) *4318

2515 DECCOE 5825,(P1NINaNlN2I,830,1AlJ1,KlK2,LlL2,PlP2,P3,P4,NX1) *4319
99 CCNTINUE *4320

CALL PATCFINXl,0.O,P5,LBXI *4321
Pt Pl*XC *4322
P2 2 P2*XC '4323
P3 a P3*XK '4324
P4 a F4*XT + XTP *4325
P5 P5*XF. *4326
WRITE LIST,5830 Al.J1,KlK2,LlL2,PlP2,P3,P4,P! *4327
IFlhLIST - W) 6310,2525, 6310 *4328

6310 WRITE MW,5830 Al,Jl,Kl,K2,Ll,L2,Pl,P2,P3,P4,P5 *4329
2525 IFILTABC)2540,2540, 6315 '4330
6315 READ (NREAC,5835 ) IPPOP(N),TVARPIN) N ILTABCl *4331

00 2530 h a LTABC *4332
PROPMN * PROPtN)*XC *4333
TVARPINI TARP(N)*XT + XTP *4334

2530 CONTINUE *4335
WRITE INLIST,583S I IPROPIN),TVARPIN) N ILTABC) *4336
IFINLIST - NW) 6320,2535, 6320 *4337

6320 WRITE Mw,5835 (PROPIN),TVARP(N), N * 1,LTABC) *4338
2535 IFILTABC - 9)2540,2540, 6325 *4339
6325 KWIT - 12 *4340

2540 IF(LTABK)2555,2555, 6330 *4341
6330 READ REAO,5835 IPROPINITVARP(N), N - 1,LTABK1 *4342

DO 2545 h - ,LTAeK *4343
PROMIN) - PRCPINIOXK *4344
TVAPPlN) * TVARPIh)*XT * XTP *4345

2545 CONMINUE *4346
WRITE NLIST,5835 (PROPINl,TYARPINl, N 1,LTABKI *4347
IFlhLIST - NW) 6335,2550, 6335 *4348

6335 WRITE MNW,5835 (PROPIN),TVARP(N), N - 1,LTABK) *4349
2550 IFILTABK - M9)2555,2555, 6340 *4350
6340 KWIT - 12 *4351

2555 NCARCS NCARCS + KCCPY *4352
NCARO - NCARC KCCPY - 1 *4353
KCOPY 0 *4354

CCC *4355
CCC PREPARE CCUNTERS FCR NEXT CARD TO BE READ IN. *4356
2600 NRED - 0 *4357

NS I *4358
N1 2 12 - N $4359
N2 * I + NW - 1 *4360

CCC REAC IN CARC IMAGE FROM TPE NREAD, AFTER FIRST CARC. *4361
BUFFER IN INREAC,0) P(N1),P(N2)) *4362

2605 IFIKCCPY)2310,2310, 6345 *4363
6345 KCOFY - KCOPY - *43b4
CCC FINO CUT IF LAST WRITE ON NLIST IS COMPLETE. *4365
2610 IFIUNITNLISTNWW)2610,2615,2615,2615 *4366
CCC *4367
CCC SET UP ARRAY TC BE UFFERED OUT ILAST CARD TO BE BUFFERED IN). *4368

2615 DC 2620 N a 1,10 *4369
J NS + h - 1 *4370
PS(N) PIJ) *4371

2620 CCNI1UE *4372
CCC *4373
CCC WRITE CUT CARC IMIGE Ch TAPE NLIST. *4374

IFthLIST - W) 6350,2635, 6350 *4375
6350 IFIALIST - 100)2630, 6355,2630 *4376
6355 IF(hW - 8 6360, 6360,2625 *4377
6360 WRITE IhLIST,5810 (PSINI, N 1NWI *4378

GO TC 2635 *4379
2625 WRITE IKLIST,5e2O ) PS(N), N 1,NW) *4380

GO TC 2635 *4381
2630 BUFFER CUT NLIST,O) PS1l),PSINWJ) *4382
CCC WRITE CUT CARD IMAGE Ch TAPE W (3 AT LRL). *4383
2635 CALL COC206 (PhPSNW) *4384

NCAROS NCARCS + 1 *4385
GO TC 2310 *4386

CCC *4387
CCC CONE HERE AFTER TRANSFER IS COMPLETE. *4388
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3100 IF(LNIT,hEIST,NWW)3100,3105,3105,3105
CCC IF NLIST NOT REGULAR OUTPUT UNIT, ENO WITH BLANK RECORD AND EOF.
3105 IFI(NLIST - M*ENLIST - OOI*INLIST - M)) 6365,311C, 6365
6365 WRITE (NLIST,5850 I FIN

NCAROS KCARCS 1
CALL WRTECF INLIST)
IFINWINCW)3110, 6370, 6370

6370 REIINC LIST
3110 IFINWIhCR)3115, 6375, 6375
6375 REWIN NREAO
3115 WRIlE ( H,5870 NCARD, NCARDS, MATCH

PRINT 5870 , NCARC, NCARDS, MATCH
CCC RESTCRE FCRPAT FOR OC80 OUTPUT TO 64 LINES, 128 CHARACTERS.

IF(%LIST - 100)4700, 638O,4700
6380 CALL FRAME

CALL SETCF(6.0,64.O,1,0,0,0)
CCC FORMATS.
5800 FOR4AT(/,1OX,33HUNIT CCNVERSION FACTORS ARE XDllX,2HXCllX,

I 2HXKllX,2HXT,11X,31-XTPlOX,2HXH,/,38XtE13.51
5805 FCRPATllOX,21(XR5),I6)
5810 FCRfAT(5X,8A101
5815 FORPAT(8A10)
5820 FORPAT(SX,10A8)
58ZS FORPAT(10A8)
5830 FORPATIA5,515,5E10.3)
5835 FORPAT18E10.3)
5840 FORPATI//,lOX,27H*VAST OR *OECK OPTION USED.,i,30X,

I 37HNREDO NLIST MALL MUNCH NWINOR NWINOW,/,29X,416,2171
5845 FORPAT(2R5,40X,R5l
5850 FORPAT(IXO,AI)
5855 FORPAT(151IH*),22HERRCR CHECK AFTER CARCI5oIF..,/,1CX,9IA1O)
5860 FCRPAT(/,1OI1H*),8HMATERIAL,2XR5,23H IS NOT ON MASTER TAPE.,

I 2XlOHCARCS IN ,16,14H. CARDS OUT =,I6tH.,/,lCX,
2 7HREACf-EC,3XlOAl0)

5865 FORPAT(/,15X,36HTCTAL NUMBER OF SELECTED MATERIALS ,16,1H.)
5870 FORPAT(//,15X,lOHCARCS IN ,16,14H. CARDS OUT 2,16,

I 18H. PATERIALS CUT 16,1H.)
587j FORPATI/,I1X,46HMATERIALS SELECTED FOR CATA TRANSFER FROM UNITl

I 2X,7HTC UNIT,15,1-.,//,12X,16HMATP MATS INDEX)
5880 FORPAT(//,IOX,26HCATA TRANSFERRED FROM UNIT,15,2X,

I IHIC UNIT,15,11H FCLLOWS...,I/)
S10 CCNlINUE
4700 RETURN
CCC END CF FRIFE, RETURN TC THERM (*MAST OPTION) OR HEART M*DECKSI.

*4389
*4390
*4391

*4392
*4393
*4394
*4395
*4396
*4397
*4398
*4399
*4400
$4401
*4402
*4403
*4404
*4405
*4406
*4407
*4408
*4409
*4410
*4411
*4412
*4413
*4414
*4415
*4416
*4417
*4418
*4419
*4420
*4421
*4422
*4423
*4424
*4425

5, *4426
*4427
*4428
*4429
*4430
*4431
*4432
*4433

*4435
*4436
*4437
*4438
*4439
*4440
*4441
*4442
*4443
*4444
*4445
*4446
*4447
*4448
*4449
*4450
*4451
*4452
*4453
*4454
*4455
*4456
*4457
*4458
*4459
*4460

* CARCS CCLUMN PATCF
* LISI 8
* FORTRAN PATCF TRUMP DECIMAL PT FINDING SUBROU'

SU8RCUTINE PATCH (NXXCONE,POUTLBX)
C********VERSICK 5/20/69.
CCC PATCH STCFES CCNE IN PCUT IF NXX CONTAINS NO CECIMAL POIN1
CCC CTHERWISE CCNVERTS NXX TO FLOATING POINT AND STORES IN

USE STGRK
DIMENSICK NXXIIO)
DO 2100 C - 1,10
IF(tXXINC) - l.) 6100,2105, 6100

6100 CONTINUE
2100 CCNTIUE

PCUT - CCbE
LOX= 0
GO T 470C

C********CCDING FCR 6600.
DIF(PACHINE92,92,91

91 CGNTINUE
2105 WRITE (63,58051 NXX

REAC (63,5810) PCUT
92 CONTINUE

DIFF(ACHINE)93,93,94
93 CCNTINUE
C********CCCING FOR 3600.

810 FORMAT(E1.3)

[INE.

[.
POUT.
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2105 DECCCE 5805,INXX)9810,(POUT)
94 CONTINUE

LBX I
5810 FCRPAT(EIO.3)
5805 FORPATIIOAI)
4700 RETLRN

Eh

* CARCS CCLLYN REFER
* LIST 8
* FCRTRAN REFER TRUMP CROSS-REFERENCING SLBROLTINE.

SUBFCUTINE REFER(LISTLISTXMAXLISTRNARI
C********VERSIC 5/20/69.
C********REFER IS A REQUIREC SUBROUTINE.
CCC REFER IS USEC FOR CROSS-REFERENCING NODE, MATERIAL, REACTANT NOS.
CCC FINCS J FCR WHICH LISTXIN) a LISTRIJ), MAKES LISTIN) J.

DI ENSICh LISTI1), LISTRIl), LISTX I)
USE STORE
IFIPAR*PAX14700,4700, 6100

610U IFlhEWBL1IBLCCK))47CO,47O0, 6105
6105 NI 1 

IFIIBLCCK - 11470C,3100. 6110
6110 IF(NEBL(IBLCCK - 1000) 6115,3100,31CC
6115 N = XPINOF(ITEMS(I8LCCK) + 1,MAX)

3100 00 3120 a NtMAX
o 3105 J AR,1,-1
IF(LISTXI1) - LISTRIJI) 6120,3115, 6120

6120 CONTINUE
-3105 CCNTIKUE

IF(IELCCX - 2)31LQi 6125431101 ,
612i IEALISTX(N)) 6130,3120, 613026 '-

613Q CONTINUE -
311U WRITE MW.5800 )NIeLOCKLISTX(N) N

PRINT 580C ,hIBL-CCKLISTXINI
KWITs 
GC TC 312C

3115 LSTlI = J
i120 CCNTINUE
5800 FORPATI/,15(1H*I,8PERRCR IN,15,17H'TH ITEM IN BLOCK,13,

1 52H. EFERS TC UNSPECIFIED MATL, REACTANT, OR NCOE NO.,16,1H.)
4700 RETURN
CCC END CF REFER. RETURN TO CALLER.

END

* CARCS CCLOIN SEEKI
* LIST B
* FORTRAN SEEKI TRUMP LIST-SEARCHING SUBRGLTINE NG. 1.

SUBPCUTINE SEEKI (N, Nl, NBI, MAX, K)
C********VERSICh 5/20/69.
C********SEEKl IS A REQUIRED SUBROUTINE.
CCC SEEKI IS SEC FOR FINCING DATA BLOCK ITEMS TO BE ALTERED.
CCC SEE91 LCCKS FOP N IN ARRAY N81, SETS N TO SUBSCRIPT CF N81 IF
CCC NI FCUNC, CTI-ERWISE SETS N TO ARRAY SIZE PLLS 1.

USE STORE
DIMENSICh N8111)
IFIMAX)2105,2105, 6100

6100 DO 100 = AXI,-1
IFIN - EL(JI) 6105,2110, 6105

6105 CONTINUE
2100 CCNTINUE
1OS MAX = MAX + 1

N MAX
K 0
wRITE I M,5800 N1,IBLOCK

PRINT 5800 hlilBLCCK
GO TO 4700

2110 N w J
K *

580u FCRPAT(511H*),5HIfEM ,16,6X,33H NOT FOUND, ADDED TO END OF BLCCK,
I 14,1H.I

4700 RETURN
END
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*4461
*4462
*4463
*4464
$4465
*4466
*4467
*4468
*4469
* 44 70
*4471
*4472

*4473
*4474
*4475
$4476
*4477
*4478
*4479
*4480
*4481
*44d2
*4483
*4484
* 4485
*4486
*4487
* 4488
*4489
$4490
*4491
*4492
*4493
*4494
*4495
*4496
*4497
*4498
*4499
*4500
*4501
$4502
*4503
*4504
*4505
*4506
*4507
*4508
*4509
*4510
*4511
*4512
*4513
*4514
*4515
*4516
*4517
*4518
*4519
*4520
*4521
*4522
*4523
*4524

*4525

*4526
*4527
*4528
$45Z9
*4530
*4531
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* CARCS CCLLPN SEEK2
* LIST 
* FCRIRAN SEEK2 TRUMP LIST-SEARCFING SUBROLITNE NC. 2.

SUBFCUTItE SEEKZ (N, NI, N2, N, N, AX, Kl
C********VERSICh 5/20/69.
C********SEEK2 IS A PEQUIREC SUBROUTINE.
CCC SEEK2 IS SEC FOR FINCING DATA BLOCK ITEMS TO BE ALTERED.
CCC SEENZ LCCKS FCR PIR OF NUMBERS N, N2 IN PAIR OF ARRAYS NBI, N2,
CCC SEIS T SUBSCRIPT CF Nl, Ne2 IF FUNC, OTIERWISE SETS N TC
CCC ARRJY SIZE PLUS 1.

USE STCRE
DIMENSICN NelIl), heZl)
IF(PAx)2105,2105, 6100

61CO DC 2100 = PXI,-I
IFINI - hE1(JI)2100, 6105,2100

6105 IF(12 - he2(J)) 6110,2110, 6110
6110 CCN1ItUE

2100 CONTINUE
2105 MAX = AX + I

N MAX
K 0
WRITE I M,5eoo )NIhZlBLOCK
PRINT 5800 ,h1,N2,eLCCK
GO TO 4700

2110 N J
K 

580o FORPATIS(IH*),5HITEMS,216,33H NOT FOUND, ACOEC TO EC OF BLOCK,
1 14,1H.)

4700 RETURN
ENO

- CARCS CCLUMN TlE
* LIST 8
* FORTRAN TIFER

SUBPCUTINE TERINFER,PICS)
C********VERSICh 5/20/69.

USE SrcRK
ODFIFACHIhE192,92,91

91 CCNTIhUE
CALL TCHEK(NPER,PICS)
MICS = ICS/10OOOOO

92 CONTINUE
DIF (AChlIE)93,93,94

93 CONTINUE
DATA (KSECZ - Cl

*4532
*4533
*4534
*4535
*4536
*4537
*4538
*45 9
*4540
*4541
*4542
*4543
*4544
*4545
*4546
*4547
*4548
*4549
*4550
*4551
*4552
*4553
*4554
*4S55

*4556
*4557
*4558
*4559
*4560
*4561
*4 562
*4563
*4564
*4565
*4566

*4567
*4568
*4569
*4570
*457l
*4572
*4573
*4S74
*4515
*45 76

*4577
*4578
*4579
*4580
*4581
*4 582

CALL CLCCKI(KSECNPERI
MICS = XCOFI86400 + KSEC - KSECZv864CC)
KSECZ = KSEC
NPEF - 8H UNKNCWN

94 CONTINUE
RETLRN
EhD
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