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ABSTRACT

The COBRA/TRAC computer program has been developed to predict the
thermal-hydraulic response of nuclear reactor primary coolant systems to small
and large break loss-of-coolant accidents and other anticipated transients.
The code solves the compressible three-dimensional, two-fluid, three-field
equations for two-phase flow in the reactor vessel. The three fields are the
vapor field, the continuous liquid field, and the liquid drop field. A five-
equation drift flux model is used to model fluid flow in the primary system
piping, pressurizer, pumps, and accumulators. The heat generation rate of the
core is specified by input and no reactor kinetics calculations are included
in the solution. This volume is the Users' Manual. It contains the input
instructions for COBRA/TRAC and its auxiliary programs, SPECSET and GRAFIX.

It aiso contains a users' guide to the code and is intended to aid the new
user in becoming familia- with the capabilities and modeling conventions of

the code.
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COBRA/TRAC - A THERMAL-HYDRAULICS CODE FOR TRANSIENT ANALYSIS
OF NUCLEAR REACTOR VESSELS AND PRIMARY COOLANT SYSTEMS
VOLUME 3: USERS' MANUAL

1.0 INTRODUCTION

The COBRA/TRAC computer program has been developed by merging the
coBRA-TF(@) and TRAC-PD2 (Ref. 1) codes. The COBRA/TRAC code is used to

predict the thermal-hydraulic response of nuclear reactor primary coolant
systems to small- and large-break loss of coolant accidents and other
anticipated transients. The COBRA-TF computer code provides a two-fluid,

thre -field representation of two-phase flow with continuous 1iquid, contincus
vapor and entrained liquid droplets. Each field is treated in three
dimensions and is compressible. The conservation equations for each of the
three fields and for heat transfer from and within the solid structures in
contact with the fluid are solved using a semi-implicit finite-difference
numerical technique on an Eulerian mesh. COBRA-TF features extremely flexible
noding for both the hydrodvnamic mesh and the heat transfer solution. This
flexibility provides the capability to model the wide variety of geometries
encountered in vertical components of nuclear reactor primary systems.

TRAC-PD2 is a .ystems code designed to model the behavior of the entire
reactor primary system. It features special models for each component in the
system, including accumulators, pumps, valves, pipes, pressurizers, steam
generators and the reactor vessel. With the exception of the reactor vessel,
the thermal-hydraulic response of these components is treated with a five-
equaticn drift flux representation of two-phase flow. The vessel component of
TRAC-PD2 is somewhat restricted in the geometries that can be modeled and

(a) COBRA-TF is a two-fluid thermal hydraulics code developed at PNL under
sponsorship of the NRC, Reactor Safety Research Branch. Volumes 1 and 2
of this report are the first complete documentation of the COBRA-TF code.
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cannot treat the entrainment of liquid drops from the continuous liquid phase
directly. The TRAC-PD2 vessel module has been removed, and COBRA-TF has been
implemented as the new vessel component in TRAC-PD2. The resulting code is
COBRA/TRAC.

The COBRA/TRAC code has the extended capabilities in the vessel component
module provided by the three-field representation of two-phase flow and the
flexible noding of COBRA-TF, plus the ability to model the entire primary
system with the one-dimensional component modules of TRAC-PD2.

The documentation of the COBRA/TRAC program consists of five volumes.
Volume 1 contains a description of the basic three-field conservation
equations and constitutive models used in the vessel component (COBRA-TF).
Volume 2 describes the finite-difference equations for the vessel component
and the numerical techniques used to solve these equations. The coupling
between the TRAC-PD2 equations and the COBRA-TF vessel equations is &also
described. Volume 3 is the User's Manual. It contains the input instructions
for COBRA/TRAC and its auxiliary programs, SPECSET and GRAFIX. It also
includes a user's guide to the code and is intended to aid the new user in
becoming familiar with the capabilities and modeling conventions of the
code. Volume 4 is the Applications Manual containing the results of
simulations assessing code performance. These include a variety of two-phase
flow experiments conducted to simulate important phenomena anticipated during
postulated accidents and transients. Volume 5 is the Programmer's Manual. It
describes the programming characteristics of the code, including the overlay
structure and machine-dependent features.

The COBRA/TRAC code is an integrated entity that solves the thermal-
hydraulic equations for the reactor primary system as a whole, but from the
standpoint of the user, the separate origins of COBRA-TF and TRAC-PD2 are
readily apparent. The input for the VESSEL component--which is essentially
the input for COBRA-TF--differs significantly in style and format from the
input for the one-dimensional components, such as PIPEs, TEEs and PUMPs., The
VESSEL component can be used to model any vertical compo.ent of the system in
one, two or three dimensions. The one-dimensional components can be used to
model parts of the system that are essentially pipes, some with special
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characteristics, such as TEEs, PUMPs, VALVEs, ACCUMulators, PRessurlZERS, and
STeam GENerators. The components connect one to another by means of flow
junctions specified in the input. The system may consist of closed loops, as
does a normal reactor primary system, cuntrolled by pump speeds, pressurizers
and trip setpoints. Special boundary conditions can be applied with BREAKs or
FILLs, to model pipe breaks, open relief valves, broken feedwater lines and
similar disruptions of the system.

The input for the COBRA/TRAC code is necessarily complex since it is
designed to model extremely complex systems in a relatively sophisticated
manner. To effectively utilize this code, the user must have an understanding
of how the code works, what it does with the input data, and how to interpret
the results.

Section 2.0 contains the input instructions for each of the components in
COBRA/TRAC. Every line of input is listed for each component with the format
it must be entered in and a brief explanatiun of the meaning and usage of each
input variable. The one-dimensional components show a unity of structure and
format that will be immediately apparent to the user and will make learning
the input for these components comparatively easy. The one-dimensional
components are essentially pipes, each with a few special lines of input to
make them behave as their namesakes. The input for the VESSEL component,
however, reflects the quite different modeling philosophy of COBRA-TF and is
easily as long as the input instructions for all the other components
combined.

The user's guide to Section 3.0 is devoted almost exclusively to
explaining the modeling conventions and input requirements for the VESSEL
component. This section discusses the input for the vessel hydrodynamic mesh,
the rod input for the conduction model, and the various features for setting
vessel boundary conditions. The DUMP/RESTART capability is discussed in
detail, and there is also a recommended procedure for obtaining steady-state
solutions with the code. Section 3.0 also contains a brief explanation of
each of the one-dimensional components, consisting mainly of information
garnered from the TRAC-P1A User's Manual (Ref. 2).
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2.0 COBRA/TRAC INPUT INSTRUCTIONS

Input instructions for COBRA/TRAC are provided in this section. The
input for this code is not simple. Users unfamiliar with COBRA/TRAC should
refer to Section 3.0 for a more complete explanation of the input requirements

before attempting to set up the data for a specific problem.

COBRA/TRAC input is divided into five major sections, each of which
provides input for a particular purpose.

The first section provides data for the overall desér1ption of the
problem, such as the number of components, number of trips and component
identification numbers. Problem control parameters, such as convergence
criteria and iteration limits, are entered in this section.

The second section provides data for the occurrence of trips. Trips
control such events as switching pumps on or off and opening and closing
valves under specific conditions.

In the third section, geometry and initial conditions for the one-

dimensional components--ACCUMulators, BREAKs, PIPEs, gggssurIZERs. PUMPs ,
élgamlggggrators, TEEs, and VALVEs--are defined.

The fourth section defines the VESSEL component input data. The geometry
and initial and operating conditions for the vessel are specified in this

section.

The fifth section defines the length of the calculation with the problem
time domain data. Time intervals for the output file, restart file and

graphics dump are also specified.

The data arrays for the first three sections, including the input for the
one-dimensional components, are entered in the LOAD format. The LOAD format
is an automated data entry procedure that can significantly reduce the volume
of data that must be supplied, especially for the one-dimensional
components. [t permits:

1) automatic repetition of elements ir an array
2) array filling with specified constants
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3) interpolation between array elements to fill a specified number of
intervening locations

4) skipping from an incomplete record to the next record to continue

array filling.

The LOAD format has the following restrictions:

1) The end of data for each array must be identified with an E.

2) The array must be exactly filled (no over or underfilling allowed.)
3) Interpolation of integer data is not allowed.

The LOAD format allows for entry of up to five (5) array elements on a
record. Each array element occupies 14 spaces on the record in the following

format:

Position Format Description
1 Al Operation control. Valid entries are:
E End of array.
F Fi11 the array starting at the current index with
the specified constant.
I Interpolate between this data constant and the
succeeding data constant.
M Multiple repetition of data constants;
(epeats constant 10*12 times--12 described
below).
R Repetition of data constant 12 times; (12
described below)
) Skip to next card.
Blank Enter the data constant in the array at the
current index.
2-3 12 Enter a counter for data constant repetition or
intepolation,

If there s an M in column 1, enter the number of tens of
times the data constant will be repeated. (For example,
if the data constant is to be repeated 20 times, enter 2

for 12.)
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If there is an R in co'ur 1, enter the number of times

the data constant is to be repeated.
If there is an I in column 1, enter the number of values

to be interpolated between the data constant and the data

constant in the next l4-wide field.
If there is an E, F or S in colum 1, I2 is left blank.

4-14 Ell.2 Enter the data constant (real or integer number).
or Il1

An entire array can be filled with just one set of 14 columns on one input
record. For example, the input record

will fill the entire array with the value of 25.0. (The user does not specify
the size of the array since the LOAD format logic determines that
automatically.)
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2.1 MAIN PROBLEM CONTROL DATA, read by subroutine INPUT

INPUT.1: NUMTCR, ITRAC, ICOBRA FORMAT(5114)

Columns Variable Description

1-14 NUMTCR Enter the number of title cards to be read.
(At least one title card must be entered.)

15-28 ITRAC Enter input units option for the one-

dimensional components:

0 = Use metric units (default).

1 = Use English units; code will convert
all data to metric.

29-42 ICOBRA Enter vessel input units option:

0 = Use English units (default).

1 = Use metric units; code will convert the
data to English units.

NOTE:  The working units in the code for the one-dimensional components are
metric; the working units for the vessel component are English.
Although the code will perform the units conversion if necessary, it
is recommended that the one-dimensional component data be entered in
metric units and the three-dimensional vessel data be entered in
English units.

Title Card(s):

INPUT.2: (TITLE(I),I=1,20) FORMAT(20A4)

Columns Variable Description

1-80 TITLE(T) Enter zlphanumeric information describing this
simulation,

Repeat card INPUT.2 NUMTI.R times.



Res:art Data:

INPUT.3: DSTEP, TIMET FORMAT(114,E14.0)
Columns Variable Description
1-14 DSTEP Erter the time step number of the dump to be
used for restarting.
Enter zero (0) if this is not a restart.
15-28 TIMET Enter the restart time for the problem.

Component Data:

Enter zero (0.0) if this is not a restart.

INPUT.4: NCOMP, NJUN, IPAK FORMAT(3114)

Columns Variable Description

1-14 NCOMP Enter the number of components.

15-28 NJUN Enter the number of junctions.

29-42 [PAK Enter the one-dimensional component water-

packing option.
Valid entries are:

0 = off
1=on
Iteration Control:
INPUT.5: EPSO,OITMAX,IITMAX FORMAT(E14.0,2114)
Columns Variable Description
1-14 EPSO Enter the outer iteration convergence
criterion; suggested value = 0.001.
15-28 OITMAX Enter the maximum number of outer iterations;
suggested value = 5.
29-42 1 1TMAX Enter the maximum number of vessel iterations;

suggested value = 40.
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Trip Control Data:

INPUT.6: NTRX,NDMPTR FORMAT(2114)

Columns Variable Description

1-14 NTRX Enter the number of trips.

15-28 NDMPTR Enter the number of trips for which a dump is

to be written when the trip is set.

Order Array:

The ORDER array contains a list of the identification numbers of the
components in the system. Exactly NCOMP entries must be provided. The code
rearranges the entries in the ORDER array to reflect the sequence in which the
system of components will be solved, but the user may enter the numbers in any
order he finds convenient.

INPUT.7: (ORDER(1).T=1,NCOMP) FORMAT(5114)

Columns Variable description
1-14,... ORDER(1) Enter the the NCOMP component numbers.

Enter NCOMP component numbers with a maximum of f ve (5) entries per card.
The ORDER array is entered via the LOAD format previously described. The
final entry in the array should be followed by an E.

Trips that Initiate Dumps:

INPUT.8: (IDMPTR(I),I=1,NOMPTR) FORMAT(5114) Read only if NDMPTR > 0.

Columns Varifable Description

1-14,... IOMPTR(1) Enter identification number of the trip that
initiates dumps to the restart file.

Repeat this card until NDOMPTR values have been entered with up to five (5)
values per card. If NDMPTR is zero, this card is omitted.
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TRIP SPECIFICATION, read by subroutine RDTRIP

Trips are used to simulate the actions of power plant protection systems
during a transient or as reactions to abnormal conditions in the system.
Trips control such things as valve openings and pump startup or shutdown. A
problem may reference many trips, but each trip acts on only one component.

Trips are defined by a signal index, a signal set point, ard a signal
time delay. The signal index specifies the variable that will trigger the
trip (such as pressure, temperature or transient time). The signal setpoint
defines an upper or lower limit for the variable that will initiate the
trip. The signal time delay simulates the time required for the operating
system to respond to the trip signal.

RDTRIP.la: 1ITID,ISID,TSP,TDT FORMAT(2114,2E14.0) Read only if NTRX > 0.

Columns Variable Description

1-14 ITID Enter a unique trip identification number.
If ITID > 1000 the time step size will be set
to DTMIN.

15-28 ISID Enter the trip signal index.

Enter a negative value if the trip setpoint is
to be the lower 1imit.
Enter a positive value if the trip setpoint is
to be the upper 1imit.
valid entries are:
0 = transient time
tl = pressure
$+2 = liquid temperature
3 = vapor temperature
+4 = vapor fraction
5 = wall temperature
+7 = accumulator or pressurizer water level
8 = mixture velocity
9 = relative velocity
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29-42

43-56
RDTRIP.1b:

Columns
1-14

15-28

29-42

43-56

Note:

TOT

101,102,103,1D4

Variable

Enter the trip setpoint (the value of the trip

signal variable that will initate the trip).
For example:
If ISID = 2, enter the liquid temperature
that will ‘nitiate the trip.

Enter the trip delay time, in seconds.

FORMAT(4114) Read only if NTRX > 0.

Description

ID1

102

103

104

Enter the number of the component initiating
this trip.
Enter 0 if trip is on transient time (1SID=0).
Note: Only one-dimensional component numbers
are valid. Trips cannot be set on
VESSEL variables.
Enter the component qualifier:
0 if ID1 does not specify a steam generator
component number.
1 to trip according to conditions on the
primary side of the steam generator.

2 to trip according to conditions on the
secondary side of the steam generator.
Enter the node number of the array element to

watch, if ISID = 1,2,3,4,5,8 or 9.

If ISID = 0, enter zero.

If ISID = 7, enter 1.

Enter a second (optional) node number of an
array element to watch, if ISID = 1,2,3,4,5,8
or 9.

Enter zero if ISID = 7 or 0.

If the trip is on reactor time (ISID = 0) ID1, 102, ID3 and ID4

are not used.

This card can be entered as a blank line.
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RDTRIP.1 is read for NTRX trips. Note that this input consists of 2 lines of
data for each trip.

2.2 ONE-DIMENSIONAL COMPONENT DATA

A set of data for each of tne components in the prcblem is normally read
from an input f‘le. On a restart run, only those components that must be
redefined are eitered via the input file. The remaining components are
obtained from the restart dump file. New components may be added to the
system on a re;tart by adding them to the input file. This enables the user
to change the physical characteristics of the system during the transient.

Componenit data consists of geometry data, information connecting the
component to adjacent components, and data describing the fluid state in the
component (such as void fraction, temperature and pressure). The following
subsections list the input required for each one-dimensional component.
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2.2.1 ACCUMulator Component Data, read by subroutine RACCUM

ACCUM.1 TYPE,NUM,ID,CTITLE FORMAT(AS5,9X,2114,3A10)

Columns Variable Description

1-5 TYPE Enter ACCUM

15-28 NUM Enter a unique component number.

29-42 1D Enter an arbitrary identification number.

43-72 CTITLE Enter alphanumeric identifier for this
component.

NOTE: To minimize confusion, it is often
convenient to set NUM and ID to the same
value for each component.

ACCUM.2 NCELLS,JUN2 FORMAT(2114)

Columns Variable Description

1-14 NCELLS Enter the number of fluid cells.

15-28 JUN2 Enter the junction number to connect the

accumulator to its adjacent component. (This
is the accumulator discharge.)

ACCUM.3 through ACCUM.14 are entered using the LOAD format and define the
accumulator data arrays.

Cards Variable Description

ACCUM.3 DX array Enter NCELLS velues for cell lengths, in meters
(if ITRAC = 0) or feet (if ITRAC =1).

ACCUM. 4 VOL array Enter NCELLS values for cell volumes, in m3 (if
ITRAC = 0) or ft3 (if ITRAC = 1).

ACCUM.5 FA array Enter (NCELLS + 1) values for cell flow areas,
in ® (1f ITRAC = 0) or ftZ (if ITRAC = 1).

ACCUM.6 FRIC array Enter (NCELLS + 1) values for additive loss
coefficients.
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Cards

Variable

DPescription

ACCUM. 7

ACCUM. 8

ACCUM.9

ACCUM. 10

ACCUM.11

ACCUM. 12
ACCUM. 13

ACCUM, 14

GRAV array

HD array

NFF array

ALP array

W array

Enter (NCELLS + 1) values for the cosine of the
angle between a vertical vector and the vector
from cell N to cell N + 1.

(NOTE: The cell numbering convention for the
accumulator component places the discharge at
rode (NCELLS + 1).)
Enter (NCELLS + 1) values for hydraulic
diameters, in meters (if ITRAC = 0) or feet (if
ITRAC = 1).
Enter (NCELLS + 1) values for friction factor
correlation options. Valid entries are:
O = constant friction factor, user input
homogeneous flow
Armand

= CISE

= annular flow

= Chisolm
(Use a negative entry for automatic form lcss
computation due to area change at node N.)
Enter NCELLS values for void fraction.
Enter (NCELLS + 1) values for mixture velocity,
in m/sec (if ITRAC = Q) or ft/sec (if
ITRAC = 1).
Enter NCELLS values for liquid temperature, in
° (if ITRAC = 0) or °F (if ITRAC = 1).
cnter NCELLS values for vapor temperature, in
° (if ITRAC = 0) or °F (if ITRAC = 1).

Enter NCELLS values for pressure, in N/m2 (if
ITRAC = 0) or psia (if ITRAC = 1).




2.2.2 BREAK Component Data, read by subroutine RBREAK

BREAK.1 TYPE,NUM,ID,CTITLE FORMAT(AS5,9X,2114,3A10)

Columns Variable Description
1-5 TYPE Enter BREAK
15-28 NUM Enter a unique component number.

29-42 ID Enter an arbitrary component identification
number (may be the same as NUM).
43-72 CTITLE Enter alphanumeric identifier for this

component.
BREAK.2 JUN1,IBROP,NBTB,ISAT FORMAT(4114)

Columns Variable Description

1-14 JUNI Enter the junction number where this break is
located.
15-28 IBROP Enter the break table option. Valid entries
are:
no break tables
pressure table
temperature and pressure tables
temperature, pressure and void fraction
tables
Enter the number of points (pairs of values) in
each of the break tables if IBROP > 0.
Enter zero (0) if IBROP is zero.
Enter a value to control the use of the break
tables if IBROP > 0. Valid entries are:
use TIN or the hreak table vaiue for
liquid and vapor temperatures
use TIN or the break table value for
liquid temperatures; use Tsat for vapor
temperatu e




2 = use TIN or the break table for vapor
temperature; use Tsat for liquid
temperature

3 = use T“t for both 1iquid and vapor

temperatures
Note: If ISAT =0, 1, or 2 and no temperature
table is available (IBROP = 0 or 1), then

TIN and T,¢ will be used as specified oy
ISAT.

BREAK.3 DXIN,VOLIN,ALPIN,TIN,PIN FORMAT(5E14.0)

Description

Columns Variable
1-14 DXIN

15-28 VOLIN

29-42 ALPIN

43-56 TIN

57-70 PIN

*

Enter the length of the break cell, in meters
(if ITRAC = 0) or feet (if ITRAC = 1).
(Usually DXIN should equal the length of the
neighboring cell in the adjacent component.)
Enter the volume of the break cell, in m3 (if
ITRAC = 0) or ft3 (if ITRAC = 1).

Enter the break cell void fraction.

Enter the mixture temperature at the break, in
°K (if ITRAC = 0) or °F (if ITRAC = 1).

Enter the break pressure, in N/u2 (1f

ITRAC = 0) or in psia (if ITRAC = 1).

BREAK .4 through BREAK.6 are entered using the LOAD format.

BREAK.4 (TDUM(I),PDUM(I),I=1,NBTB) FORMAT(5E14.0) Read only if IBROP > 0.

Columns Variable

Description

1'14.00¢ TDW(I)

Enter the time for element I of the pressure
versus time table. Units on time must be
seconds.
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Enter the pressure for element 1 of the

pressure versus time table. Units on pressure
must be N/mé if ITRAC = O or psia if ITRAC = 1.

BREAK.5 (TDUM(I),TPDUM(I),I=1,NBTB) FORMAT(5E14.0) Read only if IBROP > 1.

Description

15'28..- .

Enter the time for element I of the temperature
versus time table. Units on time must be
seconds.

Enter the temperature for element I of the
temperature versus time table. Units on
temperature must be °K if ITRAC = 0 or °F if
ITRAC = 1.

BREAK.6 (TDUM(I),vDUM(I),I=1,NBTB) FORMAT(5E14.0) Read only if IBROP = 3.

Description

15-28,...

Enter the time for element ! of the void
fraction versus time table. Unitis on time must
be in seconds.

Enter the void fraction for element I of the
void fraction versus time table.
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2.2.3 FILL Component Data, read by subroutine RFILL

FILL.1 TYPE,NUM,ID,CTITLE

FORMAT(A4,10X,2114,3A10)

Columns Variable Description
1-4 TYPE Enter FILL
15-28 NUM Enter a unique component number.
29-42 1D Enter an arbitrary identification number (may
be the same ~< NUM).
43-72 CTITLE Enter alphanumeric identifier for this
component.
FILL.2 JUN1,IFTY,IFTR,NFTX FORMAT(4114)
Columns Variable 7 Description
1-14 JUN1 Enter the junction number where the fill is
located.
15-28 IFTY Enter the FILL type option. Vvalid entries are:
1 = constant velocity
2 = velocity vs time
3 = velocity vs pressure
4 = constant velocity until a trip occurs,
then velocity vs time
5 = constant velocity until a trip occurs,
then velocity vs pressure
29-42 IFTR Enter a trip identification number
corresponding to a value specified For ITID on
trip specification card RDTRIP.1a.
Enter zero (0) if this fill does not reference
a trip.
43-56 NFTX Enter the number of points (pairs of values) in

fill tables.
Enter zero if no fill tables are needed.
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FILL.3 DXIN,VOLIN,ALPIN,VIN,TIN FORMAT(5E14.6)

Lolumns Variabla Description

1-14 DXIN Enter the length of the FILL cell, in meters
(if ITRAC = 0) or feet (if ITRAC = 1).
(Generally the same as the neighboring cell in
the adjacent component.)

15-28 VOLIN Enter the fill cell volume, in m3 (if
ITRAC = 0) or ft3 {if ITRAC = 1).
29-42 ALPIN Enter the fill void fraction.
43-56 VIN Enter the entrant mixture velocity, in m/sec
(if ITRAC = 0) or ft/sec (if ITRAC = 1).
57-70 TIN Enter the entrant mixture temperature, in °K

(if ITRAC = 0) or °F (if ITRAC = 1).

FILL.4 PIN FORMAT(E14.6)
Columns Variable Description
1-14 PIN Enter the fill pressure, in N/me (1f ITRAC = 0)

or psia (if ITRAC = 1).
FILL.S5 (VELDUM(I),TPDUM(I),I=1,NFTX) FORMAT(S5E14.0) Read only if NFTX > 0.

Columns Variable Description

Jolllyonn TPDUM(I) If IFTY = 2 or 4, enter the time for element I
in the velocity versus time table. Units on
time must be seconds.

If IFTY = 3 or 5, enter the pressure for
element I in the velocity versus pressure
table. Units on pressure are N/m2 (if ITRAC=0)
or psia (if ITRAC=1).

15-28,...  VELDUM(I) Enter the velocity for element I in the
velocity versus time or pressure table. Units
on velocity are m/sec (if ITRAC = Q) or ft/sec
(if ITRAC = 1).
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2.2.4 PIPE Component Data, read by subroutine RPIPE

PIPE.1 TYPE,NUM,ID,CTITLE FORMAT(A4,10X,2114,3A10)

Columns Variable Description

1-4 TYPE Enter PIPE

15-28 NUM Enter a unique component number.

29-42 1D Enter an arbitrary identification number (may
be the same as NUM).

43-72 CTITLE Enter an alphanumeric identifier for this
component.

PIPE.2 NCELL>,NODES,JUN1,JUN2,MAT FORMAT(5114)

Columns Variable Description
1-14 NCELLS Enter the number of fluid cells in the pipe.
15-28 NODES Enter the number of radial heat transfer nodes

in the pipe wall. (Zero (0) implies that there
is no wall heat transfer.)
29-42 JUN1 Enter the junction number for the connection to
cell 1 of the pipe.
43-56 JUN2 Enter the junction number for the connection to
cell NCELL of the pipe.
57-70 MAT Enter material type index f-r the pipe wall.
valid entries are:
6 = SS 304
7 = SS 316
8 = SS 347
9 = Carbon steel A 508
10 = Inceonel 718
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PIPE.3

Columns

ICHF , ITHYDRO

Variable

FORMAT(2114)

Description

1-14

15-28

PIPE.4

Columns

ICHF

IHYDRO

Enter the CHF calculation option. Vvalid
entries are:
C = no CHF calculation
1 = Zuber/Biasi for rod CHF (recommended for
inclined or vertical tubes)
2 = Biasi (recommended for unheated and/or
horizontal pipes)
3 = Bowring
Enter a hydrodynamics option. Valid entries
are:
0 = partially implicit
1 = fully implicit

RADIN, TH,HOUTL ,HOUTV,TOUTL FORMAT(5E14.6)

Variable

Description

1-14

15-28

29-42

43-56

57-70

RADIN

TH

HOUTL

HOUTV

TOUTL

Enter the inner radius of the pipe wall, in
meters (if ITRAC = 0) or feet (if ITRAC =1).
Enter the pipe wall thickness, in meters (if
ITRAC = 0) or in feet (if ITRAC = 1).

Enter the heat transfer coefficient between the
outer boundary of the pipe wall and the

liquid. Units are H/m2°c (if ITRAC = 0) or
Btu/ftZ-hr-°F (if ITRAC = 1).

Enter the heat tran<fer coefficient between the
outer boundary of the pipe wall and the

vapor. Units are W/m2°C (if ITRAC = 0) or
Btu/ ft2-hr-°F (if ITRAC = 1).

Enter the liquid temperature outside of the
pipe wall, in °K (if ITRAC = 0) or °F (if

ITRAC = 1).
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PIPE.5 TOUTV FORMAT(E14.0)

Columns Variable Description
1-14 TOUTY Enter the vapor temperature outside of the pipe
wall, in ° (if ITRAC = 0) or °F (if

ITRAC = 1).

PIPE.6 through PIPE.18 are entered using the LOAD forma:t and define the pipe
data arrays.

Cards variable Description

DX array Enter NCELLS values for cell lengths, in meters
(if ITRAC = Q) or feet (if ITRAC = 1).
VOL array Enter NCELLS values for cell volumes, in m? (if

ITRAC = 0) or ft3 (if ITRAC = 1).
FA array Enter (NCELLS + 1) values for cell flow areas,
? (if ITRAC = 0) or ft2 (if ITRAC = 1).
FRIC array Enter (NCELLS + 1) values for additive loss

inm

coefficients.
GRAYV array Enter (NCELLS + 1) values for the cosine of the
angle between a vertical vector and the vector
from cell N to cell N + 1,
HD array Enter (NCELLS + 1) values for hydraulic
diameters, in meters (if ITRAC = 0) or feet (if
ITRAC = 1).
NFF array Enter (NCELLS + 1) values for friction factor
correlation options. Valid entries are:
constant friction factor, user input
homogeneous flow
Armand
CISE
annular flow
Chisolm
(Use negative entry for automatic form loss
computation in node N.)
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PIPE.13

PIPE.14
PIPE.15

PIPE.16
PIPE.17

PIPE.18

QPPP array

ALP array
W array

TL array

P array

TW array

Enter NCELLS values for volumetric heat source
in the pipe wall, in W/m> (if ITRAC = 0) or
Btu/hr-ft3 (if ITRAC = 1).

Enter NCELLS values for void fraction.

Enter (NCELL™ + 1) values for mixture velocity,
in m/sec (if ITRAC = 0) or ft/sec (if ITRAC =
1).

Enter NCELLS values for liquid temperature, in
°K (if ITRAC = 0) or °F {if ITRAC = 1).

Enter NCELLS values for pressure in N/m? (if
ITRAC = 0) or psia (if ITRAC = 1).

Enter NODES*NCELLS values for wall temperature
in °K (if ITRAC = 0) or °F (if ITRAC = 1).
Note: If NODES = O, omit card PIPE.18.
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2.2.5 Pressurizer (PRIZER) Component Data, read by subroutine RPRIZR

PRIZER.1 TYPE,NUM,ID,CTITLE

Columns Variable

FORMAT(A6,8Y,2114,3A10)

Description

1-6 TYPE
15-28 NUM
29-42 ID

43-72

PRIZER.2 NCELLS, JUN2

Columns Variable

Enter PRIZER

Enter a unique component number.

Enter an arbitrary identification number (this
number may be the same as NUM).

Enter an alphanumeric identifier for this
component.

FORMAT(2114)

Description

1-14 NCELLS

PRIZER.3 QHEAT,PSET,DPMAX,ZHTR

Columns Yariable

Enter the number of fluid cells in the
pressurizer.

Enter the junction number for the connection to
cell NCELLS of the pressurizer. (This is the
pressurizer discharge.)

FORMAT(4E14.6)

Description

1-14 QHEAT

15-28

Enter the total heater power, in watts (if
ITRAC = 0) or Btu/hr (if ITRAC = 1).

Enter the pressure setpoint for heater/sprayer
controller, in N/mé (if ITRAC = 0) or psia (if
ITRAC = 1).

Enter pressure differential at which the
heater/sprayer has maximum power. Units are
N/m (if ITRAC = 0) or psid (if ITRAC = 1).
Enter water level for heater cutoff, in meters
(1f ITRAC = 0) or feet (if ITRAC = 1).




PRIZER.4 through PRIZER.15 are entered using the LOAD format and define the
pressurizer array data.

Cards Variable Description

PRIZER.4 DX array Enter NCELLS values for cell lengths, in meters
(if ITRAC = 0) or feet (if ITRAC = 1).

PRIZER.5 YOL array Enter NCELLS values for cell volumes, in m3 (if
ITRAC = 0) or ft3 (if ITRAC = 1).

PRIZER.6 FA array Enter (NCELLS + 1) values for cell flow areas,
in m® (if ITRAC = 0) or ft2 (if ITRAC = 1).

PRIZER.7 FRIC array Enter (NCELLS + 1) values for additive loss
coefficients.

PRIZER.8 GRAY array Enter (NCELLS + 1) values for the cosine of the
angle between a vertical vector and the vector
from cell N to N + 1. (Note: ‘he cell
numbering convention for pressurizer components
places the discharge at node (NCELLS + 1).)

PRIZER.9 HD array Enter (NCELLS + 1) values for hydraulic
diameters, in meters (if ITRAC = 0) or feet (if
ITRAC = 1).

PRIZER.10  NFF array Enter (NCELLS + 1) values for friction factor
correlation options. Valid entries are:

0 = constant friction factor, user input
tl = homogeneous flow
2 = Armand
3 = CISE
t4 = annular flow
5 = Chisolm
(Use a negative entry for automatic form loss
computation at node N.)
PRIZER.11  ALP array Enter NCELLS values for void fraction.
PRIZER.12 WM array Ente~ (NCELLS + 1) values for mixture velocity,

in m/sec (if ITRAC = 0) or ft/sec (if
ITRAC = 1).
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Cards

Variable

Description

PRIZER.13

PRIZER. 14

PRIZER.15

TL array

TV array

P array

Enter NCELLS values for liquid temperature, in
°K (if ITRAC = 0) or °F (if ITRAC = 1).

Enter NCELLS values for vapor temperature, in

°K (if ITRAC = 0) or °F (if ITRAC = 1).

Enter NCELLS values for pressure, in N/m2 (if

ITRAC = 0) or psia (if ITRAC = 1).




2.2.6 PUNP Component Data, read by subroutine RPUMP

PUMP.1 TYPE,NUM,ID,CTITLE FORMAT(A4,10X,2114,3A10)

Columns Variable Description

1-5 TYPE Enter PUMP

15-28 NUM Enter a unique component number.

29-42 1D Enter an arbitrary identification number (may
be the same as NUM).

43-72 CTITLE Enter an alphanumeric identifier for this
component.

PUMP.2 NCELLS,NODES,JUN1,JUN2,MAT FORMAT(5114)

Colimns Variable Description

1-14 NCELLS Enter the number of fluid cells in the pump,
(minimum of 2). (Note: The momentum source
for the pump is always added at node 2,
regardless of the number of cells in the pump.)

15-28 NODES Enter the number of radial heat transfer nodes
in the pump wall. Zero (0) implies that there
is no wall heat transfer.

29-42 JUN1 Enter the junction number connec*ting to cell 1
of the pump.

43-56 JUNZ Enter the junction number connecting to cell
NCELLS of the pump.

57-70 MAT Enter the material index for the pump wall.

Va'id entries are:

SS 304

SS 316

SS 347

= Carbon steel A 508

Inconel 718

O ® N O
"

10
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PUMP.3 ICHF,IHYDRO,IPMPTY,IRP,IPM FORMAT(5114)

Columns

Variable

Description

1-14

29-42

43-56

57-70

Columns

1-14

ICHF

IHYDRO

IPMPTY

IRP

IPM

IPMPTR,NPMPTX

Variable

Enter the CHF calculation option.
Valid entries are:
0 = no CHF calculation
1 = Zuber/Biasi for rod CHF (recommended for
inclined or vertical tubes)
2 = Biasi CHF correlation (recommended for
unheated and/or horizontal pipes)
3 = Bowring CHF correlation
Enter the hydrodynamics option. Valid entries
are:
0 = partially implicit
1 = fully implicit
Enter pump type. Valid eniries are:
1 = pump speed variation will be specilied
by input
2 = pump speed is calculated after the
occurrence of a trip
Enter a reverse speed option. Valid entries
are:
0 = no reverse rotation allowed
1 = reverse rotation allowed
Enter two-phase option.
valid entries are:
0 = use single phase only
1 = use two phase

FORMAT(2114)

Description

IPMPTR

Enter the index number of trip (corresponding
to a value of ITID entered on RDTRIP.1a) that
affects this pump.
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15-28

NPMPTX

Enter zero (0) if this pump does not reference
a trip.

Enter the number of points (pairs of values) in
the pump speed table.

PUMP.5 RADIN,TH,HOUTL,HOUTY, TOUTL FORMAT(5£14.6)

L. "umns Variabie Description

1-14 RADIN Enter the inner radius of the pump wall, in
meters (if ITRAC = 0) or feet (if ITRAC = 1).

15-28 TH Enter the thickness of the pump wall, in meters
(if ITRAC = 0) or feet (if ITRAC = 1).

29-42 HOUTL Enter the heat transfer coefficient between the
outer boundary of the pump wall and the
liquid. Units are W/m °C (if ITRAC = 0) or
Btu/ft2-hr-°F (if ITRAC = 1).

43-56 HOUTY Enter the heat transfer coefficient between the
outer boundary of the pump wall and the
vapor., Units are H/m2 °C (if ITRAC = 0) or
Btu/ft2-.r-°F (if ITRAC = 1).

57-70 TOUTL Enter the liquid temperature outside of the
pump wall, in °K (if ITRAC = 0) of °F (if
ITRAC = 1),

PUMP.6 TOUTY FORMAT(E14.6)

Columns Variable Description o

1-14 TOUTY Enter the vapor temperature outside of the pump

wall, in °K (if ITRAC = 0) or °F (if
ITRAC = 1).
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PUMP.7 RHEAD,RTORK,RFLOW,RRHO,ROMEGA  FORMAT(SE14.6)

Columns Variable Description

1-14 RHEAD Enter the pump rated head, (aP/p), in N-m/kg
(if ITRAC = 0) or ft-1bf/1bm (if ITRAC = 1).

15-28 RTORK Enter the pump rated torque, in N-m (if
ITRAC = 0) or ft-1bf (if ITRAC = 1).

29-42 RFLOW Enter the pump rated flow rate, in m3/sec (if
ITRAC = 0) or ft3/sec (if ITRAC = 1).

43-56 RRHO Enter the pump rated density, in kg/m® (if
ITRAC = 0) or 1bm/ft> (1f ITRAC = 1).

57-70 ROMEGA Enter the pump rated speed, in radians/sec.

PUMP.8 EFFMI,TFR1,TFR2,0MEGAN

FORMAT(4E14.6)

Columns Variable Description

1-14 EFFMI Enter the effective moment of inertia, in kg—n2
(if ITRAC = 0) or Tbm-ft? (if ITRAC = 1).

15-28 TFR1 Enter the constant torque due to friction, in
N-m (if ITRAC = 0) or ft-1bf (if ITRAC = 1).

29-42 TFRZ Enter the bearing and windage torque constant,
in N-m (if ITRAC = 0) or ft-1bf (if ITRAC = 1).

43-56 OMEGAN Enter the initial pump speed, in radians/sec.

PUMP.9 OPTION FORMAT(114)

Columns variable Description

1-14 OPTION Enter a pump curve option. Valid entries are:

0 = user-specified pump curves
1 = use the default pump curves (Semiscale

type).

PUMP.10 through PUMP.31 specify the pump curves and are read by subroutine
This input is omitted if OPTION = 1.

RDDIM.
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PUMP.10 (NDATA(1),I=1,5)

FORMAT(5114) Read only if OPTION =

0.

Columns Variable Description

1-14 NDATA(1) Enter the number of points (pairs of values) in
curve HSP1 of the single-phase head curves.

15-28 NDATA(2) Enter the number of points in curve HSP2 of the
single-phase head curves.

29-42 NDATA(3) Enter the number of points in curve HSP3 of the
single-phase head curves.

43-56 NDATA(4) Enter the number of points in curve HSP4 of the
single-phase head curves.

57-70 NDATA(S) Enter the number of points in curve HTP1 of the
fully degraded head curves.

PUMP.11 (NDATA(1),1=6,10) FORMAT(5114) Read only if OPTION = 0.

Columns Variable Description

1-14 NDATA(6) Enter the number of points in curve HTP2 of the
fully degraded head curves.

15-28 NDATA(7) Enter the number of points in curve HTP3 of the
fully degraded head curves.

29-42 NDATA(8) Enter the number of points in curve HTP4 of the
fully degraded head curves.

43-56 NDATA(9) Enter the number of points in curve TSP1 of the
single-phase torque curves.

57-70 NDATA(10) Enter the number of points in curve

PUMP.12 (NDATA(1),I=11,15)

single-phase torque curves.

TSP2 of the

FORMAT(5I14) Read only if OPTION = 0.
Columns Variable Description
1-14 NDATA(11) Enter the number of points in curve

single-phase torque curves.
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NDATA(12)

NDATA(13)

NDATA(14)

NDATA(15)

PUMP.13 NDATA(16) ,NHDM,NTDM

Columns Variable

Enter the number of points in curve
single-phase torque curves.
Enter the number of points in curve
fully degraded head curves.
Enter the number of points in curve
fully degraded head curves.
Enter the number of points in curve
fully degraded head curves.

FORMAT(3114) Read only if OPTION =

Description

1-14 NDATA(16)

15-28 NHOM

29-42 NTDM

Enter the number of points in curve TTP4
fully degraded head curves.

Enter the number of points in the head
degradation multiplier curve.

Enter the number of points in the torque

degradation multiplier curve.

iﬁﬂ?.ld through PUMP.31 define the pump curves and are entered via the LOAD

format.
entered only if OPTION = 0.

Cards Variable

Refer to Section 3.5.5 for examples of these curves.

These cards are

Description

HSP1 Curve
HSP2 Curve
HSP3 Curve
HSP4 Curve
HTP1 Curve
HTP2 Curve
HTP3 Curve
HTP4 Curve
TSP1 Curve

Curve

PUMP. 14
PUMP.15
PUMP. 16
PUMP. 18
PUMP.19
PUMP. 20
PUMP,. 21
PUMP, 22
PUMP.23

PUMP.24 Curve

NDATA(1) points, 2 values per point.
NDATA(2) points, 2 values per point.
NDATA(3) points,
NDATA(4) points,
NDATA(S) points,
NDATA(6) points,
NDATA(7) points,
NDATA(8) points,
NDATA(9) points, 2 values per point.

NDATA(10) points, 2 values per point.
NDATA(11) points, 2 values per point.

values per point.
values per point.
values per point.
values per point.
values per point.
values per point.




Cards Variable Description
PUMP.25 TSP4 Curve Enter NDATA(12) points, 2 values per point.
PUMP .26 TTP1 Curve Enter NDATA(13) points, 2 values per point.
PUMP .27 TTP2 Curve Enter NDATA(14) points, 2 values per point.
PUMP. 28 TTP3 Curve Enter NDATA(15) points, 2 values per point.
PUMP.29 TTP4 Curve Enter NDATA(16) points, 2 values per point.
PUMP. 30 HDM Curve Enter NHDM points, 2 values per point.
PUMP.31 TOM Curve Enter NTOM points, 2 values per point.

PUMP.32 through PUMP.45 are entered via the LOAD format and define the pump

array data.
Cards Va-iable Description

PUMP.32 SPTBL array Enter NPMPTX pairs of values for table of pump
speed versus time since trip. (time-speed
pairs).

PUMP.33 DX array Enter NCELLS values for cell lengths, in meters
(if ITRAC = 0) or feet (if ITRAC = 1).

PUMP.34 VOL array Enter NCELLS values for cell volumes, in m3 (if
ITRAC = 0) or ft3 (if ITRAC = 1).

PUMP ., 35 FA array cnter (NCELLS + 1) values for cell flow areas,
in m (if ITRAC = 0) or ft2 (if ITRAC = 1).

PUMP. 36 FRIC array Enter (NCELLS + 1) values for additive loss
coefficients.

PUMP .37 GRAV array Enter (NCELLS + 1) values for the cosine of the
angle between a vertical vector and the vector
from cell N to cell N + 1.

PUMP.38 HD array Enter (NCELLS + 1) values for hydraulic

diameters, in meters (if ITRAC = 0) or feet (if
ITRAC = 1).
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PUMP. 39

PUMP.40

PUMP.41
PUMP. 42
PUMP. 43
PUMP. 44

PUMP. 45

NFF array

QPPP array

ALP array

VM array

TL array

P array

TW array

Enter (NCELLS + 1) values for friction factor
correlation options. Valid entries are:
0 = constant friction factor, user input
+1 = homogeneous flow

+2 = Armand
$3 = CISE
+4 = annular flow

+5 = Chisolm
(Use negative entry for automatic form loss
computation.)
Enter NCELLS values for volumetric heat scurce
in the pump wall. Units are Wm (if
ITRAC = 0) or Btu/nr-ft3 (if ITRAC = 1).
Enter NCELLS values for void fraction.
Enter (NCELLS + 1) values for mixture velocity,
in m/sec (if ITRAC = 0) or ft/sec (if
ITRAC = 1).
Enter NCELLS values for liquid temperature, in
°k (if ITRAC = 0) or °F (if ITRAC = 1).
Enter NCELLS values for pressure, in N/m2 (if
ITRAC = 0) or psia (if ITRAC = 1).
Enter NODES*NCELLS values for wall temperatures
in °K (if ITRAC = 0) or °F (if ITRAC = 1).
Omit this data if NODES = 0.
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2.2.7 Steam Generator (STGEN) Component Data, read by subruutine RSTGEN

Only the tube region of the steam generator is modeled with the one-
dimensional steam generator component. The flow rate specified into the
secondary side of the steam generator should correspond to the total
recirculation flow rate and not just the feedwater flow rate. The complete
steam generator can be modeled using the vessel component.

STGEM.1 TYPE,NUM,ID,CTITLE FORMAT(A5,9X,2114,3A10)

Columns Variable Description

1-5 TYPE Enter STGEN

15-28 NUM Enter a unique component number.

29-42 1D Enter an arbitrary identification number (may
be the same as NUM),

43-72 CTITLE Enter an alphanumeric identifier for this
component.,

STGEN.2 NCELL1,NODES,JUN11,JUN12,MAT  FORMAT(5114)

Columns Variable Description

1-14 NCELL1 Enter the number of fluid cells cn the primary
side of tne steam generator.

15-28 NODES Enter the number of radial heat transfer nodes
in the steam yenerator wall (minimum of one).

29-42 JUN11 Enter the junction number adjacent to cell 1 on
the primary side.

43-56 JUN12 Enter the junction number adjacent to cell

NCELL1 on the primary side.
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57-70 MAT Enter the material index for the steam
generator tubes. Valid entri.s are:

6 = SS 304
7 = SS 316
8 = 5S 347
9 = Carbon steel A 508

10 Inconel 718

STGEN.3 KIND,IHYDRO,ICHF1,ICHF2 FORMAT(4114)

Columns variable ‘ Description
1-14 KIND Enter the steam generator type. Valid entries
are:
1 = U-tube
2 = once-through
15-28 IHYDRO Enter the hydrodynamics option. Valid entries
are:

0 = partially implicit
1 = fully implicit
29-42 ICHF1 Enter the primary side CHF option. Vvalid
entries are:
0 = no CHF calculation
1 = CHF calculation
43-56 1CHF2 Enter the secondary side CHF option. Valid
entries are:
0 = no CHF calculation
1 = CHF calculation
Note: Boiling heat transfer is not calculated in the steam
generator unless CHF calculations are specified with ICHF1 and
ICHF2. For most calculations, it is recommended that ICHF1 = 0

and ICHF2 = 1.
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STGEN.4 RADIN,TH FORMAT(2E14.6)

Columns Variable Description

1-14 RADIN Enter the inner radius of the steam generator
wall, in meters (if ITRAC = 0) or feet (if
ITRAC = 1).

15-28 TH Enter the tube wall thickness, in meters (if
ITRAC = Q) or feet (if ITRAC = 1).

STGEN.5 NCELL2,JUN21,JUN22 FORMAT(3114)

Columns Variable Description

1-14 NCELL2 Enter the number of cells on the secondary side
of the steam generator.

15-28 JUN21 Enter the junction number adjacent to cell 1 on
the secondary side of the steam generator.

29-42 JUN22 Enter the junction number adjacent to cell

NCELL2 on the secondary side of the steam
generatcr.,

STGEN.6 through STGEN.32 are entered via the LOAD format and define the array
variables for both the primary and secondary sides of the steam generator.

Cards Variable Description

STGEN.6 DX1 array Enter NCELL1 values for cell lengths for the
primary side, in meters (if ITRAC = 0) or feet
(if ITRAC = 1).

STGEN.7 VOL1 array Enter NCELL1 values for cell volumes for the
primary side, in m° (if ITRAC = 0) of ft3 (if
ITRAC = 1).

STGEN.8 FAl array Enter (NCELL1 + 1) values for cell flow areas
for the primary side, in m% (if ITRAC = 0) or
£t (1f ITRAC = 1).

STGEN.9 FRIC1 array Enter (NCELL1 +1) values for additive loss

coefficients for the primary side.
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Cards variable Description
STGEN.10 GRAV1 array Enter (NCELL1 + 1) values for the cosine of the
angle between a vertical vector ana the vector
from cell N to cell N + 1 for the primary side.
STGEN.11 HD1 array Enter (NCELL1 + 1) values for hydraulic
diameters for the primary side, in meters (if
ITRAC = 0) or feet (if ITRAC = 1).
STGEN.12 NFF1 array Enter (NCELL1 + 1) values for friction factor
correlations options for the primary side.
Valid entries are:
0 = constant friction factor, user input
+1 = homogeneous flow
+2 = Armand
+3 = CISE
t4 = annular flow
5 = Chisolm
(Use negative entry for automatic form loss
computation at node N.)
STGEN.13 WAl array Enter NCELL1 values for wall heat transfer area
for the primary side, in m? (if ITRAC = 0) or
ft2 (if ITRAC = 1).
STGEN. 14 ALP1 array Enter NCELL1 values for void fraction for the
primary side.
STGEN.15 VM1 array Enter (NCELL1 + 1) values for mixture velocity
for the primary side, in m/sec (if ITRAC = 0)
or ft/sec (if ITRAC = 1).
STGEN.16 TL1 array Enter NCELL1 values for liquid temperature for
the primary side, in °K (if ITRAC = 0) or °F
(if ITRAC = 1).
STGEN.17 TVl array Enter NCELL1 values for vapor temperature for
the primary side, in °K (if ITRAC = 0) or °F
(if ITRAC = 1).
ST3EN.18 Pl array Enter NCELL1 values for pressure for the

primar’ side, in N/m? (if ITRAC = 0) or psia
(1f ITRAC = 1).
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Cards

STGEN. 19

STGEN. 20

STGEN. 21

STGEN. 22

STGEN. 23

STGEN. 24

STGEN. 25

Variable

Description

DX2 array

VOL2 array

FA2 array

FRIC2 array

GRAV2 array

HD2 array

NFF2 array

Enter NCELL2 values for cell lengths for the
secondary side, in meters (if ITRAC = 0) or
feet (if ITRAC = 1).
Enter NCELL2 values for cell vclumes for the
secondary side, in m> (if ITRAC = 0) or ft3 (if
ITRAC = 1).
Enter (NCELL2 + 1) values for cell flow areas
for the secondary side in m? (if ITRAC = 0) or
ft2 (if ITRAC = 1).
Enter (NCELL2 + 1) values for additive loss
coefficients for the secondary side.
Enter (NCELL2 + 1) values for the cosine of the
angle between a vertical vector and the vector
from cell N to cell N + 1 for the secondary
side.
Enter (NCELL2 + 1) values for hydraulic
diameters for the secondary side, in meters (if
ITRAC = 0) or feet (if ITRAC = 1).
Enter (NCELL2 + 1) values for friction factor
correlation options for the secondary side.
Vaiid entries are:

0 = constant friction factor, user input

tl = homogeneous flow
t2 = Armang

+3 = CISE

4 = annular flow

t5 = Chisolm

(Use negative entry for automatic form loss
computation at node N.)
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Cards

Yariable

Description

STGEN. 26

STGEN. 27

STGEN.28

WA2 array

ALP2 array

VM2 array

TLZ array

TV2 array

P2 array

Enter NCELL2 values for wall heat transfer
areas on the secondary side, in n? (1¥

ITRAC = 0) or ftZ (1f ITRAC = 1). (See

Section 3.5.6 for guidance on specifying wall
area on secondary side, particularly for u-tube
steam generators.)

Enter NCELL2 values for void fraction for the
secondary side,

Enter (NCELL2 + 1) values for mixture velocity
for the secondary side, in m/sec (if ITRAC = 0)
or ft/sec (if ITRAC = 1).

Enter NCELL2 values for liquid temperature for
the secondary side, in °K (if ITRAC = 0) or °F
(if ITRAC = 1).

Enter NCELLZ values for vapor temperature for
the secondary side, in °K (if ITRAC = 0) or °F
(if ITRAC = 1).

Enter NCELLZ values for pressure for the

cecondary side, in N/m2 (if ITRAC = Q) or psia
(if ITRAC = 1),

Enter NODES*NCELL1 values for initial tube wall
temperatures in °K (if ITRAC = 0) or °F (if
ITRAC = 1).




2.2.8 TEE Component Data, read by subroutine RTEE

TEE.1 TYPE,Num,ID,CTITLE

FORMAT(A3,11X,2114,3A10)

Columns Variable Description

1-3 TYPE Enter TEE

15-28 NUM Enter a unique component number.

29-42 1D Enter an arbitrary identification number (may
be the same as NUM).

43-72 CTITLE Enter an alphanumeric identifier for this
component.

JEE.2 JCELL,NODES,MATID,COST,ICHF FORMAT(5114,

Columns Variable Description

1-14 JCELL Enter the TEE junction cell number (cannot be 1
or NCELL1).

15-28 NODES Enter the number of radial neat transfer nodes
in the wall. Zero (0) implies no wall heat
transfer.

29-42 MATID Enter the material type index for the wall.
Valid entries are:

6 = SS 304

7 = SS 316

8 = SS 347

9 = Carbon steel A 508
10 = Inconel 718

43-56 COST Enter the cosine of the angle between the
primary tube and the secondary tube. The angle
is measured between a line from cell 1 to JCELL
on the primary tube and a line from JCELL to
NCELL2 on the secondary tube. (See Figure
3.45.)

57-70 ICHF Enter the CHF calculation optien. Valid

entries are:
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0 = no CHF calculation
Zuber/Biasi for rod CHF (recommended fo»
inclinded or vertical tubes).

—
"

2 = Biasi (recommended for unheated and/or
horizontal tubes.)
3 = Bowring
JEE.3 IHYD1,NCELL1,JUN1,JUN2 FORMAT(4114)
Columns Variable Description
1-14 IHYD1 Enter the hydrodynamics option in the primary
tube. Valid entries are:
0 = partially implicit
1 = fully implicit
15-28 NCELL1 Enter the number of fluid cells in the primary
tube (minimum of two).
29-42 JUNL Enter the number of the junction adjacent to
cell 1.
43-56 JUN2 Enter the number of the junction adjacent to

cell NCELL1.

TEE.4 RADIN1,TH1,HOUTL1,HOUTV1,TOUTL1 FORMAT(5E14.6)

Columns Variable Description

1-14 RADIN1 Enter the radius of the primary tube wall, in
meters (if ITRAC = 0) or feet (if ITRAC = 1).

15-28 TH1 Enter the thickness of the primary tube wall,
in meters (if ITRAC = 0) or feet (if
ITRAC = 1).

29-42 HOUTL1 Enter the heat transfer coefficient between the

outer surface of the primary tube wall and the
surrounding liquid, in W/mZ °¢ (if ITRAC = 0)

or Btu/fté-hr-°F (if ITRAC = 1).
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43-56

57-70

HOUTV1

TOUTL1

Enter the heat transfer coefficient between the
outer surface of the primary tube wall and the

surrounding vapor, in W/m °C (if ITRAC = 0) or
Btu/ ft2-hr-°F (if ITRAC = 1).

Enter the temperature of the liquid outside of

tke primary tube wall, in °K (if ITRAC = 0) or

°F (if ITRAC = 0).

TEE.5 TOUTV1 FORMAT(E14.6)
Columns Variable Description
1-14 TOUTV1 Enter the temperature of the vapor outside of

the primary tube wall, in °K (if ITRAC = 0) or
°F (if ITRAC = 1).

TEE.6 IHYD2,NCELL2,JUN3,ISEP FORMAT(4114)
Columns Variable Doscription
1-14 IHYD2 Enter the hydrodynamics option for the side
tube. Valid entries are:
0 = partially implicit
1 = fully implicit
15-28 NCELL? Enter the number of fluid cells in side tube.
29-42 JUN3 Enter the junction number adjacent to the free
end of the side tube (ceil NCELL2).
43-56 1SEP Enter flag for phase separation calculation.

valid entries are:
0 = no phase separation
1 = phase separation zbove void fraction of
ALSEP (entered on TEE.8)

2.40



TEE.7 RADIN2,TH2,HOUTL2,HOUTV2,TOUTL2 FORMAT(5E14.6)

Description

Columns Variable
1-14 RADIN2
15-28 TH2

29-42 HOUTL?2
43-56 HOUTVZ
57-70 TOUTL2

TEE.8 TOUTV2,ALSEP

Enter the inner radius of the side wall, in
meters (if ITRAC = 0) or feet (if ITRAC = 1).
Enter the thickness of the side tube wall, in
meters (if ITRAC = 0) or feet (if ITRAC = 1).
Enter the heat transfer coefficient between the
outer surface of the side tube wall and the
surrounding 1iquid, in W/m2 °C (if ITRAC = 0)
or Btu/ft2-hr-°F (if ITRAC = 1).

Enter the heat transfer coefficient between the
outer surface of thc side tube wall and the
surrounding vapor in W/mé °C ({f ITRAC = 0) or
Btu/ft-hr-°F (if ITRAC = 1).

Enter the temperature of the 1iquid surrounding
the side tube, in °K (if ITRAC = 0) or °F (if
ITRAC = 1).

FORMAT(2E14.6)

Description

Columns Variable
1-14 TOUTv2
15-28 ALSEP

Enter the temperature of the vapor surrounding
the side tube, in °K (if ITRAC = 0) or °F (if
ITRAC = 1).

Enter void fraction for phase separation
model. (Used only if ISEP = 1).

TEE. 9 through TEE.33 are entered via the LOAD format and define the arrays
for the primary and side tubes of the tee.

Cards Variable

Description

TEE.9 DX array

Enter NCELL1 values for cell lengths in the
primary tube, in meters (if ITRAC = 0) or feet
(if ITRAC = 1).
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Cards

Variable

Description

TEE.10

TEE.11

TEE.12

TEE.13

TEE.14

TEE. 15

TEE. 16

TEE.17

TEE.18

TEE.19

TEE.20

DX array

VOL array

VOL array

FA array

FA array

FRIC array

FRIC array

GRAV array

GRAV array

HD array

HD array

Enter NCELL2 values for cell lengths in the
side tube, in meters {if ITRAC = 0) or feet (if
ITRAC = 1).

Enter NCELL1 values for cell volumes in the
primary tube, in m> (if ITRAC = 0) or ft3 (if
ITRAC = 1).

Enter NCELL2 values for cell volumes in the
side tube, in m> (if ITRAC = 0) or ft3 (if
ITRAC = 1).

Enter (NCELL1 + 1) values for cell flow areas
in the primary tube, in m® (if ITRAC = 0) or
ft2 (1f ITRAC = 1).

Enter (NCELL2 + 1) values for cell flow areas
in the side tube, in n® (if ITRAC = 0) or ft?
(if ITRAC = 1).

Enter (NCELL1 + 1) values for additive loss
coefficients in the primary tube.

Enter (NCELL2 + 1) values for additive loss
coefficients in the side tube.

Enter (NCELL1 + 1) values for the cosine of the
angle between a vertical vector and the vector
from cell N to cell N + 1 in the primary tube.
Enter (NCELL2 + 1) values for the cosine of the
angle between a vertical vector and the vector
from cell N to cell N+ 1 in the side tube.
Enter (NCELL1 + 1) values for hydraulic
diameters in the primary tube, in meters (if
ITRAC = 0) or feet (if ITRAC = 1).

Enter (NCELL2 + 1) values for hydraulic
diameters in the side tube, in meters (if
ITRAC = 0) or feet (if ITRAC = 1).
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Variable

NFF array

NFF array

QPPP array

ALP array

ALP array

Description

Enter (NCELL1 + 1) values for friction factor
correlation options in the primary tube. Valid
entries are:
= constant friction factor, user input
homogeneous flow
Armand
= CISE
annular flow
t5 = Chisolm
(Use negative entry for automatic form loss
computation at node N.)
Enter (NCELL2 + 1) values for friction factor
correlation options in the side tube. Valid
entries are:
0 = constant friction factor, user input
tl = homogeneous flow
2 = Armand
CISE
= annular flow
t5 = Chisolm
(Use negative entry for automatic form loss
computation at node N.)
Enter NCELL1 values for volumetric heat source
in the primary tube wall. Units are N/m3 (if

AC = 0) or Btu/hr-ft3 (if ITRAC = 1).

ITR
Enter NCELL2 values for volumetric heat source

in the side tube wall. Units are N/m3 (if
ITRAC = 0) or Btu/hr-ft3 (if ITRAC = 1).
Enter NCELL1 values for void fraction in the
primary tube.

“nter NCELLZ values for void fraction in the

side tube.




Cards Variable Description

TEE.27 VM array Enter (NCELL1 + 1) values for mixture velocity
in the primary tube, in m/sec (if ITRAC = 0) or
ft/sec (if ITRAC = 1).

TEE.28 VM array Enter (NCELL2 + 1) values for mixture velocity
in the side tube, in m/sec (if ITRAC = 0) or
ft/sec (if ITRAC = 1).

TEE.29 TL array Enter NCELL1 values for liquid temperature in
the primary tube, in °K (if ITRAC = 0) or °F
(1f ITRAC = 1).

TEE.30 TL array Enter NCELL2 values for 1iquid temperature in
the side tube, in °K (if ITRAC = 0) or °F (if
ITRAC = 1).

TEE.31 P array Enter NCELL1 values for pressure in the primary
tube, in N/m® (1f ITRAC = 0) or psia (if
ITRAC = 1).

TEE.32 P array Enter NCELL2 values for pressure in the side
tube, in N/m? (if ITRAC = 0) or psia (if
ITRAC = 1).

TEE.33 TW array Enter NODES*NCELL1 values for tube wa')

temperature in °K (if ITRAC = 0) or °F (if
ITRAC = 1).
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2.2.9 VALVE Component Data, read by subroutine RVLVE

VALVE.1 TYPE,NUM,ID,CTITLE FORMAT(A5,9X,2114,3A10)

Columns Variable Description

1-5 TYPE Enter VALVE

15-28 NUM Enter a unique component number.

29-42 1D Enter an arbitrary identification number (may
be the same as NUM).

43-72 CTITLE Enter an alphanumeric identifier for this
component.

VALVE.2 NCELLS,NODES,JUN1,JUN2,MAT

Columns Variable Description

1-14 NCELLS Enter the number of fluid cells in the valve
(minimum ¢f two).

15-28 NODES Enter the number of radial heat transfer nodes

in the valve wall. Zero (0) implies no wall
heat transfer.
29-42 JUNL Enter the junction number adjacent to cell 1.
43-56 JUN2 Enter the junction number adjacent to cell
NCELLS.
57-70 MAT Enter the valve wall material index. Vvalid
entries are:
6 = SS 304
7 =SS 315
8 = 5S 347
9 = Carbon steel A 508
10 = Irconel 718
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VALVE.3

Columns

ICHF , IHYDRO

Variable

FORMAT(2114)

Description

1-14

15-28

ICHF

IHYDRO

Enter the CHF calculation option. valid
entries are:
0 = no CHF calculation
1 = Zuber/Biasi CHF (recommended for
inclined or vertical tubes)
2 = Biasi (recommended for unheated and/or
horizontal tubes)
3 = Bowring dryout correlation
Enter the hydrodynamics option. Valid entries
are:
0 = partially implicit
1 = fully implicit

VALVE.4 RADIN,TH,HOUTL,HOUTV,TOUTL FORMAT(5£14.6)

Columns Variable Description

1-14 RADIN Enter the inner radius of the valve wall, in
meters (if ITRAC = 0) or feet (if ITRAC = 1).

15-28 TH Enter the valve wall thickness, in meters (if
ITRAC = 0) or feet (if ITRAC = 1).

79-42 HOUTL Enter the heat transfer coefficient between the
outer surface of the valve wall and the
surrounding liquid, in H/m2 °C (if ITRAC = 0)
or Btu/hr-ft2-°F (if ITRAC = 1).

43-56 HOUTV Enter the heat transfer coefficient between the
outer surface of the valve wall and the
surroundina vapor, in H/mz-‘c (if ITRAC = 0) or
Btu/hr-ft2-°F (if ITRAC = 1).

57-70 TOUTL Enter the temperature of the surrounding liquid

in °K (if ITRAC = 0) or °F (if ITRAC = 1).
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VALVE.5 TOUTV FORMAT(5E14.6)
Columns Variable [ Description
1-14 TOUTV Enter the temperature of the surrounding vapor,
in °K (if ITRAC = 0) or °F (if ITRAC = 1).
VALVE.6 IVTY,IVTR,NVTX,IVPG,IVPS FORMAT(5114)
Columns Variable Description
1-14 IVTY Enter the valve type. Valid entries are:
1 = valve normally open; occurrence of a
trip closes it instantaneously
2 = valve normally closed; occurrence of a
trip opens it instantaneously
3 = valve normally open; trip begins to
close it according to a time-dependent
table
4 = valve normally closed; trip begins to
open it according to a time-dependent
table
5 = valve is a check valve controlled by a
static pressure gradient
15-28 IVIR Enter the index number of tke trip number
controlling this valve, (corresponding to a
value of ITID on card RDTRIP.1la).
29-42 NVTX Enter the number of entries in the valve

open/closed vs time table. (Used only if
IVIY = 3 or 4.)
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43-56 IVPG

57-70 IVPS

Enter the valve pressure gradient option (used
only if IVTY = 5). Valid options are:

= 1 1if AP = P(IVPS - 1) - P(IVPS)

=2 if aP = P(IVPS) - P(IVPS - 1)
Note:

If AP + PVC > 0, the valve is open.

If AP + PVC < 0, the valve is closed.

(PVC is defined on card VALVE.7.)
Enter the number of the cell the valve is
located in; 2 < IVPS < NCELLS.

VALVE.7 AVLVE,HVLVE,PVC FORMAT(3E14.6)

Columns Variable Description

1-14 AVLVE Enter the area of the valve when completely
open, in me (if ITRAC = 0) or ftZ (if
ITRAC = 1).

15-28 HVLVE Enter the hydraulic diameter of the valve when
completely open, in meters (if ITRAC = 0) or
feet (if ITRAC = 1).

29-42 PVC Enter the valve set point, in N/m2 (if

ITRAC = Q) or psi (if ITRAC = 1).
If IVPG = 1, the valve will open when the
pressure drop across the valve
reaches AP+PVC.
If IVPG = 2, the valve will close when the
pressure drop across the valve
reaches AP+PVC.

Enter zero if IVTY # 5.

VALVE.8 through VALVE.21 are entered via the LOAD format and define the valve

array cards.
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Cards Variable Description
VALVE.8 DX array Enter NCELLS values for cell lengths, in meters
(if ITRAC = 0) or feet (if ITRAC = 1).
VALVE.9 VOL array Enter NCELLS values for cell volumes, in m (if
ITRAC = 0) or ft3 (if ITRAC = 1).
VALVE.1U FA array Enter (NCELLS + 1) values for cell edge flow
areas, in m? (if ITRAC = 0) or ft? (if
ITRAC = 1).
VALVE.1l FRIC array Enter (NCELLS + 1) values for additive loss
coefficients.
VALVE.12 GRAY array Enter (NCELLS + 1) values for the cosine of the
angle between a vertical vector and the vector
from cell N to cell N + 1.
VALVE.13 HD array Enter (NCELLS + 1) values for hydraulic
diameters, in meters (if ITRAC = 0) or feet (if
ITRAC = 1).
VALVE.14 NFF array Enter (NCELLS + 1) values for friction factor
correlation options. Valid entries are:
0 = constant friction factor, user input
t1 = homogeneous flow
2 = Armand
3 = CISE
t4 = annular flow
5 = Chisolm
(Use negative entry for automatic form loss
computation at node N.)
VALVE.15 QPPP array Enter NCELLS values for volumetric heat source
in the valve wall in H/m3 (if ITRAC = 0) or
Btu/hr-ft3 (1f ITRAC = 1).
VALVE.16 VLTB array Enter the valve open/closed vs time-since-trip
array in pairs of (time and fraction open).
Enter NVTX points. (Omit this card if
NVTX = 0).
VALVE.17 ALP array Enter NCELLS values for void fraction.
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Cards

Variable

Description

VALVE. 18

VALVE.19

VALVE. 20

VALVE 21.

WM array

TL array

P array

TW array

Enter (NCELLS + 1) values for mixture velocity,
in m/sec (if ITRAC = 0) or ft/sec (if

ITRAC = 1).

Enter NCELLS values for liquid temperature, °K
(if ITRAC = 0) or °F (if ITRAC = 1).

Enter NCELLS values for pressure, in N/m2 (if
ITRAC = Q) or psia (if ITRAC = 1).

Enter NODES*NCELLS values for the value wall
temperature in °K (if ITRAC = 0) or °F (if
ITRAC = 1).

If NODES = 0, do not enter th» TW array data.
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2.3 VESSEL (3-D) COMPONENT DATA

The vessel input data is organized in groups. Each group fulfills some
general input requirement such as channel geometry, channel connections or

boundary conditions.

Any number of vessels or vertical components may be

modeled with a single vessel component.

COBRA.1 TYPE,NUM,ID,CTITLE FORMAT(A6,8X,2114,3A10)

Columns Variable Description

1-6 TYPE Enter VESSEL

15-28 NUM Enter a unique component number.

29-42 1D Enter an arbitrary identification number (this
number may be the same as NUM).

43-72 CTITLE Enter alphanumeric identifier for this

component.

VESSEL Calculation Control Data, read by subroutine COBRAI

COBRA.2 INIT,TEXT FORMAT(215,17A4)
Columns Variable Description
6-10 INIT Enter the vessel initialization option. Valid
entries are:
1 = initial start
4 = fill vessel arrays with data obtained
from & restart file
11-80 TEXT Enter alphanumeric information to identify the

simulation. (This can be different from the
title entered on INPUT.2.)
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VESSEL Component Restart Data, read by subroutine RESTRT

COBRA.3 IDUM FORMAT(15) Read only if INIT = 4,

Columns Variable Description

1-5 IDUM Enter zero (0) to restart a previous
calculation.

Card groups VESSEL 1 through VESSEL 14 are not read on a restart and should
not be included in the restart input deck. Any card group may be eliminated

from the initial input deck if data in that card group is not required for the
problem to be set up.
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VESSEL Group 1: Calculation Variables and Initial Conditions, read by
subroutine SETIN

VESSEL1.1. NGROUP,NDX FORMAT(215)

Columns Variable Description

1-5 NGROUP Enter one (1).

6-10 NDX Enter the total number of vertical levels in

the vessel (the sum of all levels in all
sections).

VESSEL.1.2 FORMAT(F5.0)
Columns Variable Description
1-5 z Enter the total vertical height, in inches (if

ICOBRA = 0) or meters (if ICOBRA = 1).
(NOTE: ICORRA is specified on INPUT.1; see
Section 2.1.)

VESSEL1.3 PREF,HIN,GIN,AFLUX FORMAT(4F1C.0)

Columns Variable Description

1-10 PREF Enter the initial vessel operating pressure, in
psi (if ICOBRA = 0) or N/m? (if ICOBRA = 1).

11-20 HIN Enter the enthalpy for fluid initialization, in
Btu/1bm (if ICOBRA = 0) or J/kg (if
ICOBRA = 1).

21-30 GIN Enter the initial mass flux, in 1bm/ft2-sec (if
ICOBRA = 0) or kg/me-sec (if ICOBRA = 1).

31-40 AFLUX Enter the average linear heat rate per active

rod in kW/ft (if ICOBRA = 0) or kW/m (if
ICOBRA = 1).
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VESSEL Group 2: Channe

1 Description, read by subroutine SETIN

NGROUP ,NCHAN

Variable

L,NCHANR  FORMAT(315)

oescription

NGROUP
NCHANL
NCHANR

VESSELZ2.2 and VES

Enter two (2).
Enter the number of channels in the problem.
Enter the number of channels with thermal

connections to rods or unheated conductors.

¢

SELZ2.3 are read in pairs, NCHANL times.

VESSEL2.2 I,AN{I),PW(I

Columns Variable

) ,ABOT(1I),ATOP( 1) ,NAMGAP FORMAT( 15,4F5.0,15)

Description

1-5

Enter the channel identification number.

(Note: Channel index numbers must be unique,
but they do not have to be sequential.

Skipping numbers is permitted, so long as
exactly NCHANL channels are identified.)

Enter the nominal channel area, in in2 (if
ICOBRA = 0) or m® (if ICOBRA = 1). (Do not
enter zero.)

Enter the channel wetted perimeter, in inches
(1f ICOBRA = 0) or meters {if ICOBRA = 1). (Do
not enter zero.)

Enter the area of the bottom of the channel for
use in the momentum equation. Units are in.z
(if ICOBRA = 0) or m® {if ICOBRA = ). 1If
ABOT(I) is entered as zero (0.0), it is set to
AN(I1).

Enter the area on the top of the channel for
use in the momentum equation. Units are 1n.2

(if ICOBRA = 0) or m (if ICOBRA = 1). If

ATOP(I) is entered as zero (0), it is set to
AN(I).
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26-30 NAMGAP Enter the number of gaps for which the vertical
velocity of channel 1 convects transverse
momentum between sections. (Refer to Section
3.1.1 for further discussion.)

VESSEL2.3 (INODE(I,N),KGAPB(I,N),KGAPA(I,N) ,N=1,NAMGAP) FORMAT(1515)

Read only if NAMGAP > O for channel I.
NOTE: Omit this card if NAMGAP is zero (0) for channel I.

Columns Variable Description

1-5, INODE( I,N) Enter the index number of the node where the

16-20, vertical velocity of channel I convects

31-23, transverse momentum across a section boundary.

46-50, (Note: INODE will be either at the bottom of

61-65 the channel (INODE(I,N)=1), or the top of the
channel, (INODE(I,N)=NONODE+1), where NONODE is
the number of axial levels in the section
containing channel 1. INODE is defined in the
section where the vertical momentum eguation fis
solved (see Section 3.1.1.)

6-10, KGAPB( I,N) Enter the index number of the gap below the

21-25, section boundary.

36-40, Enter zero if there is no gap below the section

51-55 boundary.

66-70 (Note: 1If KGAPS is not zero, the positive
velocity of channel I at INODE(I,N) convects
transverse momentum out of KGAPB into KGAPA.
The negative velocity of channel I at
INODE(I,N) convects transverse momentum from
KGAPA into KGAPB; but if KGAPB is zero, this
momentum is dissipated.)

11-15, KGAPA(I,N) Enter the index number of the gap above the

26-30, section boundary.
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41-45,
56-60
71-75

Enter zero if there is no gap above the section
boundary.

Note: [If KGAPA is not zero, the positive
velocity of channel I at INODE(I,N) convects
transverse momentum from KGAPB (if KGAPB # 0)
into KGAPA. (If KGAPA is zero, this momentum
is dissipated.) The negative velocity of
channel I at INODE(I,N) convects transverse
momentum from KGAPA to KGAPB, (if KGAPB # 0; if
KGAPB is zero, this momentum is dissipated.)

Card VESSEL2.4 is read NCH/INR times.
VESSEL2.4 I,(LR(I,L),L=1,6),(LS(I,L),L=1,8) FORMAT(1515)

Description

Columns Variable
1-5 1

6-10 LR(I,L)
36-40 LS(I,L)

Enter the identification number of a channel
with thermal connections to rods or unheated
conductors.

Enter the index number of the rods connected to
channel 1. Enter the negative of the rod index
number if the channel is on the inside surface.
Enter the index numbers of the unheated
conductors connected to channel 1. Enter the
negative of the index number if the channel is
on the inside surface.

Note: Within a given section rods and unheated conductors can connect to only
one channel on the outside surface. Those with tube or wall geometry
types can also connect to one channel on the inside surface. Rods can
crass section boundaries, and connect to channels in different
sections, but unheated conductors are defined only within a single

section.
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VESSEL Group 3: Transverse Channel Connection (Gap) Data, read by subroutine
SETIN

This group is omitted if there are ro transverse connections between channe!:.

VESSEL 3.1 NGROUP,NK FORMAT(215)

Columns Variable Description

1-5 NGROUP Enter three (3).

6-10 NK Enter the number of transverse connections
(gaps).

Cards VESSEL3.2 and VESSEL3.3 are read in pairs NK times.

VESSEL3.2 K.IK(K),JK(K),GAPN(K),LENGTH(K),HKR(K),FHALL(K),IGAPB(K),
1GAPA(K) ,FACTOR(K) ,( IGAP(K,N) ,JGAP(K,N) ,N=1,3)
FORMAT(315,4F5.0,215,F5.0,615)

Columns Variable Description
1-5 K Enter the gap identification number. (Note:

Gap numbers must be unique but they do not have
to be sequential. NK gaps must be input.)

6-10 IK(K) Enter the identification number of the lower-
numbered channel of the pair that connect
through gap K.

11-15 JK(K) Enter the identification number of the higher-
numbered channel of the pair that connect
through gap K.

16-20 GAPN(K) Enter the nominal gap width, in inches (if
ICOBRA = 0) or meters (if ICOBRA = 1).
21-25 LENGTH(K) Enter the distance between the center of

channel IK(K) and the center of channel JK(K),
in inches (if ICOBRA = 0) or meters (if
ICOBRA = 1).

26-30 WKR(K) Enter the loss coefficient (velocity head) for

gap K.
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31-35 FWALL(K) Enter the wall friction factor for the gap.

Valid entries are:
0.0 = no walls
0.5 = one wall
1.0 = two walls

36-40 IGAPB(K) Enter the index number of the gap below gap K.
Enter zero if there is no gap below gap K.
(The velocity of IGAPB(K) convects vertical
momentum at node 1 into (or out of) channel
IK(K) out of (or into) JK(K).)

41-45 IGAPA(K) Enter the index number of the gap above gap
K. (The velocity of IGAPA(K) convects vertical
momentum at the top node of the section into
(or out of) channel IK(K) out of (or into)
JK(K).)

Enter zero if there is no gap above gap K.

(NOTE: Refer to Section 3.1.2 for further

discussion of this input convention.)

46-50 FACTOR(K) Enter 1.0 if gap positive flow (from channel
IK(K) to channel JK(K)) is in the same
direction as positive flow for the global
coordinate system.

Enter -1.0 if gap positive flow is opposite %o
positive flow for the global coordinate
system. (Default = 1.0). (See Section 3.1.2
for explanation of this input.)

51-55 IGAP(K,N) Enter the index numbers of gaps facing the
IK(K) side of gap K. If the gap faces a wall,

61-65 enter -1. [If the gap faces a vessel connection

71-75 to a one-dimensional component, enter -2.

56-60 JGAP(K ,N) Enter the gap numbers facing the JK(K) side of

66-70 gap K. If the gap faces a wall, enter -1. If
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76-80

the gap faces a vessel connection to a one-
dimensional component, enter -2.

Up to three (3) sets of (IGAP,JGAP) may be
entered.

Note: The input for FACTOR, IGAP and JGAP is required only if the three-
dimensional form of the transverse momentum equation is desired.

VESSEL3.3. GMULT(K),ETANR(K) FORMAT(2F5.0)

Columns Variable Description

1-5 GMULT(K) Enter the number of actual gaps modeled by
gap K.

6-10 ETANR(K) Enter the crossflow de-entrainment fraction.

VESSEL3.4 NLMGAP FORMAT(15)

Columns Variable Description

1-5 NLMGAP Enter the number of gaps that convect

orthogonal transverse momentum. (This is
required only for the three-dimensional form of
the transverse momentum equation.)

Enter zero if the three-dimensional form of the
transverse momentum equation is not desired.
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Card VESSEL3.5 is read NLMGAP times.

VESSEL3.5 (KGAP1(N),KGAP2(N),KGAP3(N),N=1,NLMGAP) Read only if

NLMGAP > 0. FORMAT(1215)
Columns Variable o Description
1-5, KGAP1(N) Enter the index number of a gap whose velocity
16-20, transports transverse momentum from one gap to
31-35, another.
46-50
6-10, KGAP2(N) Cnter the index number of the gap that recieves
21-25, the transverse momentum convected by the
36-40, positive velocity of gap KGAPL.
51-55 A nonzero value must be entered.
11-15, KGAP3(N) Enter the index number of the gap that the
26-30, positive velocity of KGAP1 transports
41-45, transverse momentum out of.
56-60 (The positive velocity of KGAP1 transports

momentum from KGAP3 to KGAP2. Note: The
negative velocity of KGAP1 will transport
transverse momentum in the opposite direction;

f.e., from KGAP2 into KGAP3.) A nonzero number
must be entered.

Up to four sets of (KGAP1, KGAF2, KGAP3) entries are specified per card. If
NLMGAP > 4, repeat this card until all NLMGAP sets have been entered.
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VESSEL Group 4: Vertical Channel Connection Data, read by subroutine SETIN

VESSEL4.1 NGROUP,NSECTS ,NSIM, IREBAL FORMAT(415)

Columns Variable Description

1-5 NGROUP Enter four (4).

6-10 NSECTS Enter the number of sections in this problem.

11-15 NSIM Enter the number of simultaneous solution
groups.

16-20 IREBAL Enter the rebalancing option. Valid entries
are:

1 = rebalance
0 = no rebalancing

Cards VESSEL4.2 and VESSEL4.3 are read in a group NSECTS times.

VESSEL4.2 ISEC,NCHN,NONODE,DXS(ISEC) FORMAT(315,F10.0)

Columns Variable Description
1-5 ISEC Enter the section number. Begin with section

number 1 on the bottom of the vessel and
proceed toward the top, incrementing ISEC by 1.

6-10 NCHN Enter the number of channels in section ISEC.

11-15 NONODE Enter the number of vertical levels in section
ISEC.

16-25 DXS(ISEC) Enter the vertical node length in this section,
in inches (if ICOBRA = 0) or meters (1f
ICOBRA = 1).

Card VESSEL4.3 is read NCHN times for each section.
VESSEL4.3, I,(KCHANA(I,J),J=2,7),(KCHANB(I,J),J=2,7) FORMAT(1315)
Agolumns Variable Description

1-5 I Enter the identification number of a channel in
section ISEC.
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6-10, KCHANA( 1,J)
11-15,
etc.

36-40 KCHANB(I,J)
41-45,
etc.

Enter the indices of channels in the section
above ISEC that connect to channel 1. If
channel I does not connect to any channels
above, enter I in KCHANA(I,2).

Enter the indices of channels in the section
below ISEC that connect to channel I. If
channel I does not connect to any channels
below, enter I in KCHANB(I,2).

VESSEL4.4 IWIDE FORMAT(15)
Columns Variable Description
1-5 IWIDE Enter the maximum difference between the index

numbers of adjacent cells in a simultaneous
solution group. (Refer to Section 3.1.3 for
explanation of vessel cell numbering scheme and
simul taneous solution groups.)

VESSEL4.5 (MSIM(I),I=1,NSIM) FORMAT(1215)
Columns Variable Description
1-5 MSIM(I) Enter the last cell number in each simul taneous

solution group. (Note that this input asks for
cell number, not vertical level number. Refer
to Section 3.1.3.)

Twelve (12) values are entered per card. If NSIM is greater than 12, repeat
Card VESSEL4.5 until NSIM values have been entered.
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VESSEL Group 5: Geometry Variation Data, read by subroutine SETIN

The input for this group allows the user to specify vertical variations
in the continuity area, momentum area or wetted perimeter for channels, and in
the transverse width for gaps. It can be omitted if such variations are not

needed.

VESSELS5.1 NGROUP ,NAFACT FORMAT(215)

Columns Variable Description

1-5 NGROUP Enter five (5).

6-10 NAFACT Enter the number of geometry variation tables

to be entered.

Cards VESSEL5.2 and VESSEL5.3 are read in a group NAFACT times.

VESSEL5.2 NAXL(I) FORMAT(15)

Columns yariable Description

1-5 NAXL(I) Enter the number of points in this variation
table.

VESSELS5.3 (JAXL(I,N),AFACT(I,N) ,N=1,NAXL(I)) FORMAT(8(15,F5.0)

Columns Variable Description

1-5,11-15, JAXL(I,N) Enter the node number at which to apply the
21-25,31-35 area variation factor for table I, point N.
41-45,51-55

6-10,16-20, AFACT(I,N) Enter the variation factor for table I, point N.
26-30,36-40 Area = AFACT(I,N)*AN(I), or

46-50,56-60 Gap width = AFACT(I,N)*GAPN(K)

Eight pairs of (JAXL,AFACT) are entered per card. Repeat card VESSEL5.3 until
NAXL pairs have been entered. The tables are numbered sequentially in the
code, in the order they are read in on cards VESSEL5.2 and VESSELS5.3.
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VESSEL Group 6: Channels and Gaps Affected by Variation Tables, read by
subroutine SETIN

This group is read only if vertical variation tables have been specified in
group 5.

VESSEL6.1 NGROUP,N1 FORMAT(215)

Columns Variable Description

1-5 NGROUP Enter six (6).

6-10 N1 Enter the total number of channel and gap

variation table cards to be read.
Card VESSEL6.2 is read N1 times.

VESSEL6.2 IACT,IAMT,IPWT,(ICRG(M) ,M=1,12) FORMAT(1615)

Columns Variable Description

1-5 IACT Enter a positive integer corresponding to a
variation table number, for channel continuity
area variation.

Enter a negative integer, whose absolute value
corresponds to a variation table number, for
gap width variation.

6-10 IAMT Enter a variation table number for channel
momentum area variation.

Enter zero (0) if IACT is negative.

11-15 IPWT Enter a variation table number for wetted
perimeter variation.

Erter zero (0) if IACT is negative.

16-20 ICRG(M) Enter the index numbers of the channels (or
gaps if IACT is negative) that the tables
identified in IACT, IAMT and IPWT are to be
applied to. (Up to 13 channels or gaps may be
specified per card.)
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VESSEL Group 7: Local Loss Coefficient Data, read by subroutine SETIN

VESSEL7.1 NGROUP ,NCD FORMAT( 215)

Columns Vvariable Description

NGROUP Enter seven (7).
Enter the number of loss coefficient
specifications to be read. (These include
vertical momentum losses only. Transverse

losses are specified in group 3.)

s read NCD times.

],(1CDUM(1),1=1,12) FORMAT(F5.0,1315)

Variable Description

Enter the loss coefficient (velocity head).
Enter the node number where the 10ss
coefficient is applied. (NOTE: The vertical
node number is relative to the beginning of the
section containing the channel(s) listed in
ICOUM(1).)

Enter the index number(s) of channel(s) the

loss coefficient will be applied to at node J.
(Up to twelve (12) channels may use the
specified loss coefficient COL at vertical
node J.)




VESSEL Group 8: Rod and Unheated Conductor Data, read by subroutine SETIN
VESSEL8.1 NGROUP,NROD,NSROD,NC,NRTAB FORMAT(515)

Columns Variable Description

1-5 NGROUP Enter eight (8).

6-10 NROD Enter number of rods.

11-15 NSROD Enter number of unheated conductors.
16-20 NC Conduction model flag;

Enter one (1) for radial conduction only.
Enter two (2) for radial and axial
conduction.
21-25 NRTAB Enter number of temperature initialization
tables to be read.

ROD GEOMETRY DATA

This card is read to define the geometry of structures that generate neat,
including nuclear fuel rods. It is read NROD times.

VESSELS. 2 N,IFTYP(N),IAXP(N),NRENODE(N).DAXMIN(N),RMULT(N),RADIAL(N),HGAP(N)
FORMAT(415,4F10.0) Read only if NROD > 0.

Columns Variable Description
1-5 N Enter rod identification number. (Note: Rod

index numbers must be entered sequeniially,
from 1 to NROD. Skipping numbers is not

permitted.)

6-10 IFTYP(N) Enter geometry type identification number.
(Refer to group 9 for geometry type input
data.)

11-15 IAXP(N) Enter axial power profile table identification

number. (Refer to group 11 for axial power
profile input data.)

16-20 NRENODE(N ) Enter renoding flag for heat transfer solution
for rod N
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= 0; no fine mesh renoding
> 0; renoding every NRENODE(N) time steps
< 0; renoding every |NRENODE(N)| time steps,
based on inside surface temperatures
21-30 DAXMIN(N) Enter minimun axial node size, in inches (if
ICOBRA = 0) or meters (if ICOBRA = 1). (This
is used only if fine mesh renoding is used.)
31-40 RMULT(N) Enter rod mu:tiplication factor (number of rods
modeled by rod N). (This number can contain
fractional parts.)

41-50 RADIAL(N) Enter radial power factor (normalized to
average power).
51-60 HGAP(N) Enter constant gap conductance, in

Btu/hr-ft2-°F (if ICOBRA = 0) or W/m--°C (if
ICOBRA = 1). (This parameter is used only for
nuclear fuel rods that do not have the dynamic
gap conductance model specified by their
geometry type.)

Enter zero if rod N does not model a nuclear
fuel rod.

UNHEATED CONDUCTOR DATA

This card is read for each of the NSROD conductor rods (also called heat
slabs).

VESSEL8.3 N, ISTYP(N),HPERIM(N) ,HPERIMI(N),RMULS(N) Read only if NSROD > 0.
FORMAT(215,3F10.0)

Columns Variable Description

1-5 N Enter unheated conductor identification
number. (Note: Unheated conductor index
numbers must be entered sequentially, from 1 to
NSROD. Skipping numbers is not permitted.)
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6-10 ISTYP(N) Enter geometry type identification number.
(Refer to group 9 for geometry type input

data.)

11-20 HPERIM(N) Enter wetted perimeter on outside surface, in
inches (if ICOBRA = 0) or meters (if
ICOBRA = 1).

21-30 HPERIMI(N) Enter wetted perimeter on inside surface, in

inches (if ICOBRA = Q) or meters (if
ICOBRA = 1). (Enter zero for a solid
cylinder.)

31-40 RMULS(N) Enter multiplication factor (number of elements
modeled by unheated conductor N). (This number
can contain fractional parts.)

ROD TEMPERATURE INITIALIZATION TABLES

Cards VESSEL8.4 through VESSEL8.7 are read to specify which temperature
tables apply to which rods and unheated conductors. The sequence is repeated
NRTAB times, and all rods and conductors must be accounted for.

VESSEL8.4 I ,NRT1,NST1,NRAX1  FORMAT(415)

Columns Variable __Description

1-5 I Enter identification number of temperature
table.

6-10 NRT1 Enter number of rods using Tabie I.

11-15 NST1 Enter number of unheated conductors using
Table 1.

16-20 NRAX1 Enter number of pairs of elements in Table I.

VESSEL8.5 (IRTAB(I,L),L=1,NRT1) FORMAT(1215) Read only if NRT1 > 0.

Columns Variable Description

1-5 IRTAB(I,L) Enter identification numbers of rods using
Table I for temperature initialization.
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Enter the negative of the rod icentification
number if the temperature boundary is to be
applied to the irside surface of the rod.
Note: The steady-state conduction equation is solved for these
rods using the temperatures from Table I as a boundary
condition on the rod surface.

VESSEL8.6 (ISTAB(I,L),L=1,NST1) FORMAT(1215) Read only if KST1 > O.

Columns Variable Description

1-5 ISTAB(I,L) Enter identification numbers of unheated
conductors using Tablc [ for temperature
initialization.

Note: A flat radial temperature profile is assumed initially in

unheated conductors.
VESSELS8.7 (AXIALT(I,L),TRINIT(I,L),L=1,NRAX1) FORMAT(8F10.0)

Columns Variable Description
1-10 AXIALT(I,L, Enter the vertical position relative to the
21-30 bottom of the VESSEL, in inches, (if
ICOBRA = Q) or meters (if
41-50 ICOBRA = 1).
61-70
11-20 TRINIT(I,L) Enter the temperature to be applied at
31-40 AXIALT(I,L), in °F (if ICOBRA = 0) or °K (if
51-60 ICOBRA = 1).
71-80

Note: The vertical locations of the bottom and top of each rod or
unheated conductor using table I must be coritained within
the range AXIALT(I,1) to AXIALT(I,NRAX1).
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VESSEL Group 9: Conductor Geometry Description, read by subroutine SETIN

The geometry types are read in this group. The geometry types are numbered
sequentially in the order they are read in. Nuclear rod geometry types are

read
read

using cards VESSEL9.2 through VESSEL9.5. All other geometry types are
using cards VESSEL9.6 and VESSEL9.7.

VESSEL9.1 NGROUP ,NFUELT,IRELF,ICONF, IMWR FORMAT(515)

Columns Variable Description
1-5 NGROUP Enter nine (9).
6-10 NFUELT Enter number of geometry types to be read in.

Note: A geometry type may be used by both rods
and unheated conductors, but for the
unheated conductor, any heat generation
specified for the type will be ignored.

11-15 IRELF Fuel relocation flag (l=on, O=off) (This is

used only for nuclear fuel rods using the
dynamic gap conductance model).

16-20 ICONF Fuel degradation flag (1=on,0=o0ff) (NOTE: if
IRELF=1, then ICONF=1.)
21-25 IMWR Flag for metal-water reaction (zirconium
dioxide only)
=0, off
=1, Cathcart (for Best Estimate analysis)
=2, Baker-Just (for Evaluation Model analysis)
NUCLEAR FUEL GEOMETRY TYPES

not e

These data are read only for nuclear fuel geometry types. If FTYPE(I) is
ntered as NUCL, the geometry data is interpreted by line VESSEL9.6.

2.70



VESSEL9.2

Columns

types.)
variable

1,FTYPE(I),DROD,DFUEL(I),NFUEL, IMATF, IMATC, IMATOX(I),DCORE,TCLAD,
FTDENS(1),IGPC(I),IGFORC,IRADP (Read only for nuclear geometry

FORMAT(15,1X,A4,2F10.0,415,3F5.0,315)
Description

1-5

7-10
11-20

21-30

31-35
36-40

41-45

46-50

FTYPE(I)
DROD

DFUEL(T)

NFUEL
IMATF

IMATC

IMATOX (1)

Enter the geometry type identification
number. (Note: Geometry type index numbers
must be entered sequentially, from 1 to
NFUELT. Skipping numbers is not permitted.)
Enter NUCL
Enter rod outside diameter, in inches (if
ICOBRA = 0) or meters (if ICOBRA = 1).
Enter fuel pellet diameter, in inches (if
ICOBRA = 0) or meters (if ICOBRA = 1).
Enter number of radial nodes in fuel pellet.
Fuel material properties flag;
Enter zero (0) for built-in UO, properties.
Enter a positive integer corresponding to the
identification number of a material
properties tables for user-input
properties. (Refer to group 10 for material
properties input data.)
Clad material properties flag;
Enter zero (0) for built-in zirconium
properties.
Enter a positive integer corresponding to the
identification number of a material
properties table for user-input properties.
(Refer to group 10 for material properties
input data.)
Clad oxide property flag;
Enter zeru (0) for built-in zirconium dioxide
properties.
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51-55

56-60

61-65

66-70

71-75

DCORE

TCLAD

FTDENS(I)

IGPC(I)

IGFORC

Enter a positive integer corresponding to the
identification number of a material
properties table for user-input properties
(see group 10).

Enter diameter of central void for cored fuel,

in inches (if ICOBRA = 0) or meters (if

ICOBRA = 1).

Enter zero for uncored fuel.

Enter clad thickness, in inches (if ICOBRA = 0)

or meters (if ICOBRA = 1).

Enter fuel theoretical density as a fraction

(used only if built-in UO, properties have been

flagged; 1i.e., if IMATF = 0).

(Note: Do not enter zero.)

Gap conductance option flag;

Enter zero (0) for constant gap conductance (as

specified by HGAP(N) on card VESSELSB.2).

Enter a positive integer for user-specified
nenuniform gap conductance (entered on card
VESSEL9.4 in a table of IGPC(I) elements).

Enter a negative integer for the dynamic gap
conductance model. (|IGPC(I)| is the number of

entries in the cold jap width vs axial location
table, read on card VESSEL9.4.)

Flag for temporal forcing function on gap
conductance (valid only if IGPC(I) > 0);
Enter zero (0) for constant gap conductance.
Enter a positive integer for a temporal
forcing function with IGFORC table entries.
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76-80 IRADP Enter number of entries in radial power profile
table for the fuel pellet.
Enter zero (0) for a uniform radial power
profile.
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VESSEL9.3 PGAS(I),VPLEN(I),ROUFF(I),ROUFC(I),(GSFRAC(L),L=1,6), OXIDET
Read only if FTYPE(I) = NUCL and IGPC(I) < O.
FORMAT(4F 10.0,6F5.,F10.0)

Columns Variable Description

1-10 PGAS(I) Enter cold pin gas pressure for nuclear fuel
rod geometry type I, in psia (if ICOBRA = 0) or
N/me (if ICOBRA = 1).
11-20 VPLEN(I) Enter gas plenum volume, in in.3 (if
ICOBRA = 0) or m> (1f ICOBRA = 1).
21-30 ROUFF(I) Enter fuel pellet surface roughness, inches (if
ICOBRA = 0) or meters (if ICOBRA = 1).
31-40 ROUFC(1) Enter surface roughness of clad inner surface,
in inches (if ICOBRA = 0) or meters (if
ICOBRA = 1).
{Note: Fuel and clad surface roughness should
correspond to those used in FRAPCON-2 since the
correlation is empirical.)
Fuel surface ROUFF = 0.000085 inches
Clad surface ROUFC = 0.000045 inches

41-45 GSFRAC(1) Enter molar fraction of helium gas present.
46-50 GSFRAC(2) Enter molar fraction of zenon gas present.
51-55 GSFRAC(3) Enter molar fraction of argon gas present.
56-60 GSFRAC(4) Enter molar fraction of krypton gas present.
61-65 GSFRAC(5) Enter molar fraction of hydrogen gas present.
66-70 GSFRAC(6) Enter molar fraction of nitrogen gas present.

Note: g GSFRAC(L) = 1.0
L=1
71-80 OXIDET Enter initial oxide thickness for the zircaloy
metal -water reaction rate equation in inches
(if ICOBRA = 0) or meters (if ICOBRA = 1).
(Used only if IMWR > 0.)
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VESSEL9.4 (AXJ(I,L),AGFACT(I,L),L=1,|IGPC(I)|) Read only if FTYPE(I) = NUCL

and | IGPC(I)| > 0.

Columns Variable

FORMAT(8F10.0)

Description

1-10 AXJ(I,L)
21-30
41-50
61-70

11-20 AGFACT(I,L)
31-40
51-60
71-80

Enter top-most vertical position, measured from
the bottom of the rod, at which the cold gap
width (or gap conductance) AGFACT(I,L) is
applied. (A1l vertical levels below AXJ(I,L)
and above AXJ(I,L-1) will have AGFACT(I,L) for
gap width (or gap conductance.) Units on
AXJ(I,L) are inches (if ICOBRA = Q) or meters
(if ICOBRA = 1).

Enter cold gap width if IGPC(I) is negative.
Units are inches (if ICOBRA = 0) or meters (if
ICOBRA = 1).

Enter gap conductance if IGPC(I) is positive.
Units are Btu/hr-ft2.°F (if ICOBRA = 0) or
W/m?-°C (if ICOBRA = 1).

VESSEL9.5 (RODP(L),POWR(L),L=IRADP) Read only if FTYPE(I) = NUCL and

FORMAT(8F10.0)

Description

IRADP > 0.
Columns Variable
1-10 RADP(L)
21-30
41-50
61-70

Enter the relative radial location (r/ro) where
corresponding power factor (POWR(L)) is
applied.

[ i (radius - DCORE/2)
"> ,} (DFUEL(I) - DCORE)

Note: RADP(1) must be zero (0.0)
RADP(IRADP) must be one (1.0)
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11-20 POWR(L) Enter the relative power factor (i.e., the
31-40 ratio of local power at location RADP(L) to
51-60 total rod power.)

71-80

NON-NUCLEAR GEOMETRY TYPES

These data are read for all geometry types that do not describe nuclear
fuel.

VESSELS.6 I,FTYPE(I),DROD,DIN,NFUEL, IMATOX(I),IMATIX(I) Read only if
FTYPE(I)# NUCL FORMAT(15,1X,A4,2F10.0,315)

Columns variable Description

1-5 I Enter geometry type identification number.

7-10 FTYPE(I) Enter four-~haracter alphanumeric geometry type

flag:

HRCD = solid cylinder

TUBE hollow tube

WALL = flat plate
Enter outside diameter for HROD or TUBE
geometries, in inches (if ICOBRA = 0) or meters
(1f ICOBRA = 1).

Enter the wetted perimeter for WALL geometries,
in inches (if ICOBRA = 0) or *ers (if

ICOBRA = 1).

Enter inside diameter for TUBE geometries, in
inches (if ICOBRA = () or meters (if

ICOBRA = 1).

Enter thickne:s for WALL geometries, in inches
(if ICOBRA = 0) or meters (if ICOBRA = 1).




31-35

36-40

41-45

NFUEL

IMATOX(I)

IMATIX(I)

Enter zero (0.0) for (HROD) solid cylinder
geometries.

Enter the number of regions within the
conductor. (Each region has a uniform power
profile and consists of one material.)

Enter materia) property table identification
number for oxide on outside surface. (Default
is zirconium oxide; IMATOX(I) = Q).

Enter the index number of the material property
table for material in region NFUEL if there is
no oxide present.

Enter material property table identification
number for oxide on inside surface (Default is
zirconium oxide; (IMATIX(I) = 0); applies only
to TUoEs or WALLs.)

Enter the index number of the material property
table for material in region 1 if there is no
oxide present.

Data sets for the NFUEL regions of geometry type I are entered starting at the
centerline for HROD types and at the inside surface for TUBE and WALL types.
Data sets are entered in sequence moving radially toward the outside surface.

VESSEL9.7 (NODER(L) ,MATR(L),TREG(L),QREG(L),L=i,NFUEL) Read only if
FTYPE(I) # NUCL. FORMAT(4(215,2F5.0))

Columns Variable Description

1-5 NODER(L) Enter the rumber of radial heat transfer nodes

21-25 in region L.

41-45

61-65

6-10 MATR(L) Enter the material property table

26-30 identification number for region L.

46-50

66-70
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11-15
31-35
51-55
71-75

16-20
36-40
56-60
76-80

TREG(L)

QREG(L)

Enter the thickness of region L, in inches
(if ICOBRA = 0) or meters (if ICOBRA = 1).
Note: For TUBE and HROD geometry types,

NFUEL

5 TREG(L) = .5 (DROD - DIN)

L=1
Enter radial power factor for region L. (This
profile is autor itically normalized to unity.)
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VESSEL Group 10: Material Properties Tables, read by subroutine SETIN

This input group is required only if user-supplied materizl properties
were flagged by input in group 9 (i.e., with nonzero values for IMATF, IMATC,
IMATOX(I), IMATIX(I) or MATR(L) for any geometry type). If only default
material properties are used, (i.e, zircaloy and U0p), this group is omitted.

VESSEL10.1 NGROUP ,NMAT FORMAT(215)

Columns Variable Description

1-5 NGROUP Enter ten (10).

6-10 NMAT ~ Enter number of material properties tables to
be read in.

Cards VESSEL10.2 and VESSEL10.3 are read in pairs NMAT times.

VESSEL10.2 N,NNTDP,RCOLD(N)  FORMAT(215,F10.0)

Columns Variable Description

1-5 N Enter the material property table
identification number.

6-10 NNTDP Enter the number of entries in material
properties table N.

11-20 RCOLD(N) Enter the cold density in 1bm/ft3 (if

ICOBRA = 0), or kg/m® (if ICOBRA = 1) for
material N. (This value is used to define the
mass in the heat transfer nodes composed of
material type N.)

VESSEL10.3 (TPROP(I,N),CPF1(I,N),THCF(I,N) I=1,NNTDP) FORMAT(6F10.0)

Columns Variable Description
1-10 TPROP(I,N) Enter the temperature for entry I in material
31-40 property table N. Units are °F (if ICOBRA = 0)

or °K (if ICOBRA = 1).
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11-20
41-50

21-30
51-60

CPF1(I,N)

THCF(I,N)

Enter the specific heat for entry I in material
property table N. Units are Btu/1b-°F (if
ICOBRA = 0) or J/kg°C (if ICOBRA = 1).

Enter the thermal conductivity for entry I in
material property table N. Units are
Btu/hr-ft-°F (if ICOBRA = 0) or W/m°C (if
ICOBRA = 1).
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VESSEL Group 11: Axial Power Tables and Forcing Functions, read by subrout?ie
SETIN

VESSEL11.1 NGROUP,NAXP,NQ,NGPFF FORMAT(415)

Columns Variable Description

1-5 NGROUP Enter eleven (11).

6-10 NAXP Enter number of axial power profile tables to
be read. (Minimum of one.)

11-15 NQ Enter number of pairs of elements in the power

forcing function table.
Enter zero (0) if power is constant.

16-20 NGPFF Enter number of pairs of elements ir jap
conductance forcing function table.
Enter zero (0) if there is no forcing function
on gap conductance.

Axial Power Tables

Cards VESSEL11.2 and VESSEL11.3 are read in pairs NAXP times.

VESSEL11.2 I,NAXN(I) FORMAT(215)

Columns Variable Description

1-5 I Enter axial power profile table identification
number.

6-10 NAXN(I) Enter number of pairs of elements in axial

power profile Table I.
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VESSEL11.3 (Y(I,N),AXIAL(I,Nj ,N=1,NAXN(I)) FORMAT(8F10.0)

Columns Variable Description

1-10 Y(I,N) Enter vertical location, relative to bottom of
21-30 the VESSEL, where axial power factor AXIAL(I,N)
41-50 is applied. Use inches (if ICOBRA = 0) or
61-70 meters (if ICOBRA = 1).

11-20 AXIAL(I,N) Enter relative power factor (the ratio of local
31-40 power to average power ) at vertical location
51-60 Y(I,N).

71-80

A1l rods using the same table should start and end at the same vertical
locations. In the table, Y(I,1) must be the vertical location of the

beginning of the rods, and Y(I,NAXN(I)) must be the vertical location of the
end of the rods.

Power Forciqg Function

VESSEL11.4 (YQ(N),FQ(N) ,N=1,NQ) FORMAT(8F10.0) Read only if NQ > 0.

Col umns Variable Description
1-10 YQ(N) Enter transient time (seconds).
21-30

41-59

61-70

11-20 FQ(N) Enter the power factor:

31-40

51-60 FQN) = Power at time YQ(N)

initial power
71-80
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Gap Conductance Forcing Function

VESSEL11.5 (YGPFF(N),FGPFF(N).N=1,NGPFF) FORMAT(8F10.0) Read only if
NGPFF > 0.

Columns Variable Description

1-10 YGPFF(N) Enter transient time (in seconds).

21-30

41-50

61-70

11-20 FGPFF(N) Enter conductance factor:

31-40

s1-6 L e o

71-80
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VESSEL Group 12: Turbulence and Viscous Stress Data, read by subroutine SETIN

VESSEL12.1 NGROUP,N1 FORMAT(215)

Columns Variable Description

1-5 NGROUP Enter twelve (12).
6-10 N1 Enter number of sections in which turbulence or

viscous stress will be applied.
Card VESSEL12.2 is reaa N1 times, once for each section with turbulence or
viscous stresses. For each section ISEC, card VESSEL12.3 is read if
ITURB(ISEC)=1, and card VESSEL12.4 is read if ITURB(ISEC)=2.

VESSEL12.2 ISEC,IVIS(ISEC),ITURB(ISEC) FORMAT(315)

Columns Variable Description

k-5 ISEC Enter identificaticn number of section using
turbulence or viscous stress calculation.
Enter viscous stress flag for section ISEC.
Valid entries are:

0 = do not apply viscous stress
1 = apply viscous stress
Enter turbulence flag for section ISEC. Vvalid
entries are:
0 = do not apply turbulence
1 = apply turbulence with uniform turbulence
properties
2 = apply turbulence with channel varying
turbulence properties

Card VESSEL12.3 is read if ITURB(ISEC) = 1. This card is read only once for a

section and the same properties are applied to all channels within the
section.




VESSEL12.3 ZIMXXL(ISEC) ,ZLMXXV(ISEC) ,F11(ISEC) ,F22(ISEC) ,TPRNOL(ISEC),
TPRNOV(ISEC) Read only if ITURB(I) = 1. FORMAT(6F5.0)

Columns Variable Description

1-5 ZLMXXL(ISEC) Enter liquid mixing length for section ISEC, in
inches (if ICOBRA = 0) or meters (if
ICOBRA = 1).

6-10 ZLMXXV(ISEC) Enter vapor mixing length for section ISEC, in
inches (if ICOBRA = 0) or meters (if
ICOBRA = 1).

11-15 F11(ISEC) Enter vertical anisotropy factor for section
ISEC.

16-20 F22(1SEC) Enter transverse anisotropy factor for section
ISEC.

21-25 TPRNOL ( ISEC) Enter liquid turbulent Prandtl number for
section ISEC.

26-30 TPRNOV( ISEC) Enter vapor turbulent Prandtl number for

section ISEC.

Card VESSEL12.4 is read if ITURB(ISEC) = 2. The card is read once for each
channel in section ISEC.
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VESSEL12.4 I,ZLMXXL(T),ZLMXXV(I),F11(1),F22(1),TPRNOL(I),TPRNOV(I) Read only
if ITURB(I) = 2. FORMAT(15,6F5.0)

Columns Variable Description

1-5 I Enter identification number of a channel in
section ISEC.

6-10 ZLMXXL(I) Enter liquid mixing length for channel I, in
inches (if ICOBRA = 0) or meters (if
ICOBRA = 1).

11-15 ZIMXXV(T) Enter vapor mixing length for channel I, in
inches (if ICOBRA = 0) or meters (if
ICOBRA = 1).

16-20 F11(I) Enter vertical anisotropy factor for channel 1.

21-25 F22{I) Enter transverse anisotropy factor for
channel 1.

26-30 TPRNOL (1) Enter 1iquid turbulent Prandtl number for
channel 1.

31-35 TPRNOV(I) Enter vapor turbulent Prandtl number for
channel 1.
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VESSEL Group 13: Boundary Condition Data, read by subroutine SETIN

VESSEL13.1 NGROUP,NIBND,NKBND,NFUNCT ,NGBND FORMAT(515)

Columns Variable Description

1-5 NGROUP Enter thirteen (13).

6-10 NIBND Enter the total number of vertical mesh cell
boundary conditions.

11-15 NKBND Enter the total number of transverse momentum
cells for which crossflow will be set to zero.

16-20 NFUNCT Enter the number of forcing functions for the
boundary conditions.

21-25 NGBND Enter the number of groups of contiguous

transverse momentum cells for which crossflows
will be set to zero.

VESSEL13.2 (NPTS(K),K=1,NFUNCT) FORMAT(1615) Read only if NFUNCT > 0.
Columns variable Description

1-5,... NPTS(K) Enter the number of points (pairs of values) in
forcing function tabie K.

Sixteen (16) values are entered per card. Repeat card VESSEL13.2 until NFUNCT
values have been entered.

Card VESSEL13.3 is read NFUNCT times.
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VESSEL13.3 ((ABSCIS(K,I),ORDINT(K,I),I=1,NPTS(K)),K=1,NFUNCT) Read only if

NFUNCT > 0. FORMAT(5(F5.0,F10.0))
Columns Variable Description
1-5,16-20, ABSCIS(K,I) Enter the time, in seconds, the factor is
31-35,46-50, applied.
61-65
6-15,21-30, ORUINT(K,!I) Enter the forcing function factor io be applied
36-45,51-60, at time ABSCIS(K,I).
66-75

Five (5) pairs of (ABSCIS,ORDINT) are entered per card. Repeat card
VESSEL13.3 until NPTS(K) points have been entered for forcing function
table K. Continue entering data until NFUNCT tables have been specified.

Card VESSEL13.4 is read NIBND times.

VESSEL13.4 (IBOUND(L,M),L=1,2),ISPEC(M) ,NPFN(M) ,NHFN(M) ,PVALUE (M) ,HVALUE (M)
FORMAT(515,2F10.0) Read only if NIBND > 0.

Columns Variable Description

1-5 IBOUND(1,M) Enter the index number of the channel boundary
condition M appliies to.

6-10 IBOUND(2,M) Enter the vertical node number at which

boundary condition M is applied. (NOTE: The
node number is referenced to the beginning of
the section that the channel identified in
IBOUND(1,M) resides in.)
11-15 ISPEC(M) Enter the boundary condition type. Valid
options are:
1 = pressure and enthalpy boundary condition

2 = flow and enthalpy

3 = flow only

4 = mass source (flow rate and enthalpy)
5 = pressure sink and enthalpy
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Enter the index number of the forcing function
table by which the first parameter of the
boundary condition will be varied. (NOTE: The
forcing function tables are numbered
sequentially in the ord:r they are read in on
card VESSEL13.3.) For example: If

ISPEC(M) = 1 and NPFN(M) = 3, the specified
pressure will be adjusted according to the
third forcing function entered on VESSEL13.3.
Enter zero if the boundary condition is
constant.

NHFN(M) Enter the index number of the forcing function
table by which the second parameter of the
boundary condition wili be varied.

(For example: If ISPEC(M) = 1 and NHFN(M) = 6,
the specified enthalpy will be adjusted
according to the 6th forcing functiion specified
on VESSEL13.3.)

Enter zero if the boundary condition is
constant.

PVALUE( M) Enter the first boundary value.

If ISPEC(M) = 1 or 5, enter pressure, in psia
(if ICOBRA = 0) or N/m? (if ICOBRA = 1).

If ISPEC(M) = 2, 3 or 4, enter flow rate, in
1bm/sec (if ICOBRA = Q) or kg/sec (if

ICOBRA = 1).

HVALUE (M) Enter enthalpy in Btu/ “m (if ICOBRA = Q) or
J/kg (if ICOBRA = 1).

Enter zero (0) if ISPEC(M) = 3.

Card VESSEL13.5 is read after card VESSEL13.4 has been read NIBND times, and

only if some ISPEC(M) has been specified as 5 (i.e., a pressure sink boundary

condition). Card VESSEL13.5 is read once for each pressure sink, in the same
order they are specified in the inpui for card VESSEL13.4.




VESSEL13.5 ASINK(K),SINKK(K),DXSINK(K) FORMAT(3F5.0) Read only if some
ISPEC(M) = 5.

Columns Variable Description -

1-5 ASINK(K) Enter the flow area of the pressure sink, in
in.2 (if ICOBRA = 0) or mé (if ICOBRA = 1).

6-10 SINKK(K) Enter the loss coefficient (velocity head) of
the pressure sink.

11-15 DXSINK(K) Enter the length of the momentum control volume

for the sink, in inches (if ICOBRA = Q) or
meters (if ICOBRA = 1).

Card VESSEL13.6 is read NGBND times.

Card VESSEL13.6 is read only if some ISPEC(M) has been specified as 4 (i.e., a
mass injection boundary condition). Card VESSEL13.6 is read once for each
mass injection boundary condition, in the same order they are specified in the
input for card VESSEL13.4.

VESSEL13.6 AINJT(K) FORMAT(F5.0) Read only if some ISPEC(M) = 4,
Columns Yariable Description
1-5 AINJT(K) Enter the flow area of the mass injection in

in.2 (if ICOBRA = 0) or m2 if (ICOBRA = 1).

VESSEL13.7 K,JSTART,JEND FORMAT(315) Read only if NGBND > 0.

Columns Variable Description

1-5 K Enter the gap number to which a zero (0.0)
crossflow is to be applied.

6-10 JSTART Enter the continuity cell number at which to
start applying the zero crossflow.

11-15 JEND Enter the contiriity cell number at which to

stop applying the zero crossflow.
(Note: The crossflow will be set to zero for
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gap K between nodes JSTART and JEND. The
node numbers are given relative to the
beginning of the section containing gap K.)

This card may be repeated as many times as necessary for a given gap K, to
identify all axial levels that have zero crossflow. The total number of
transverse momentun cells with zero crossflow boundary conditions specified by

card VESSEL13.6 must sum to NKBND.
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VESSEL Group 14: Output Options, read by subroutine SETIN
VESSEL14.1 NGROUP,N1,NOUT1,NOUT2,NOUT3,NOUT4,IPROPP, I0PT FORMAT(815)

Columns Variable Description

1-5 NGROUP Enter fourteen (14).

6-10 Ml Enter the general vessel output option. Valid
entries are:

1 = print channels only
2 = print channels and gaps only
3 = print rods and unheated conductors only
4 = print rods, unheated conductors and
channels only
5 = print channels, gaps, rods and unheated
conductors
11-15 NOUT1 Enter the number of channels to be printed
(used if N1 =1, 2, 4 or 5).
If NOUT1 = 0, all channels will be printed.
If NOUT1 > 0, an array of NOUT1 channel numbers
must be entered on card VESSEL14.2.
16-20 NOUT2 Enter the number of rods to be printed, (used
if N1 > 2).
If NOUT2 = 0, all rods will be printed.
If NOUT2 > 0, an array of NOUT2 rod numbers
must be entered on card VESSEL14.4.
21-25 NOUT3 Enter the number of gaps to be printed (used if
Nl = 2 or 5).
If NOUT3 = 0, all gaps will be printed.
If NOUT3 > 0, an array of NOUT3 gap numbers
must be entered on card VESSEL14.3.
26-30 NOUT4 Enter the number of unheated conductors to be
printed (used if N1 > 2).
If NOUT4 = 0, all unheated conductors will be
printed.
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If NOUT4 > O, an array of NOUT4 unheated
conductor numbers must be entered on card
VESSEL14.5.

31-35 IPROPP Enter the property table print option. Valid

entries are:
0 = do not print the property table
1 = print the property table
36-40 I0PT Enter the debug print option. Valid entries
are:
0 = normal printout only
1 = debug printout (print extra data for
channels, rods and gaps)

VESSEL14.2 (PRINTC(I),I=1,NOUT1) FORMAT(1615) Read only if N1 # 3 and

NOUT1 > 0.
Columns Variable Description
Jo8s00e PRINTC(I) Enter the index numbers of channels to be

printed. Sixteen values are entered per
card. Repeat this card until NOUT1 values have

been entered.

VESSEL14.3 (PRINTG(I),I=1,NOUT3) FORMAT(1615) Read only if N1 = 2 or 5 and

NOUT3 > 0.
Columns Variable Description
1-5, 00 PRINTG(I) Enter the index numbers of gaps to be printed.

Sixteen values are entered per card. Repeat
this card until NOUT3 values have been entered.
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VESSEL14.4

(PRINTR(I),I=1,NOUT2) FORMAT(1615) Read only if N1 > 2 and
NOUT2 > 0.

Columns Variable Description

Lullies PRINTR(I) Enter the index numbers of rods to be printed.
Sixteen values are entered per card. Repeat
this card until NOUT2 values have been entered.

VESSEL14.5 (PRINTS(I),I=1,NOUT4) FORMAT(16I5) Read only if NOUT4 > Q.

Columns Variable Description

15,0 PRINTS(I) Enter the index numbers of unheated conductors
to be printed. Sixteen values are entered per
card. Repeat this card until NOUT4 values have
been entered.

VESSEL14.6 NDUMEND FORMAT(15)

Columns Variable Description

1-5 NDUMEND Enter zero (0) to terminate VESSEL group

control card input.

VESSEL Connections to One-Dimensional Components, read by subroutine COBRAI

COBRA.4 NCSR FORMAT(15)
Columns Variable Description
1-5 NCSR Enter the number of connections to the

vessel. Minimum is 1.
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Card COBRA.5 1s read NCSR times.

COBRA.S5 (ISRL(N),ISRC(N),ISRF(N),JUNS(N),N=1,NC5R) FORMAT(415)

Columns Variable Description

1-5 ISRL(N) Enter the index number of the channel where the
connection is located.

6-10 ISRC(N) Enter the index number of the vertical node in

channel ISRL(N) where the connection is located
if the connection is made at the top or side of
the cell.
Enter the negative of the node number if the
connection is made at the bottom of the cell.
11-15 ISRF(N) Enter the gap number facing the vessel
connection if the connection is at the side of
the cell.
Enter O if the connection is on the side and
faces a wall,
Enter -1 if the connection is vertical.
16-20 JUNS(N) Enter the junction number connecting a one-
dimensional component to the vessel.
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RESTART INPUT DATA FLAG, read by subroutine RDCOMP

Card COBRA.6 is read only on a restart where fewer than NCOMP components
have been specified via the input file.

COBRA.6 EFLG Read only if INIT = 4 and total number of components in the
input is less than NCOMP. FORMAT(A3)

Columns Variable Description

1-3 EF'G Enter END to stop reading component data from
input file and read remaining one-dimensional
component data from TRCRST restart file.
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Graphics Options, read by subroutine 1GRAF

GRAF.1 MOVIE,TMOVIE FORMAT{15,F10.2)

Columns variable Description

1-5 MOVIE Enter the movie process option. Valid entries
are:

0 = no movie (recommended option)

| = save data for particle tracker movie.
Note: The COBRA/TRAC code has the capabiiity
to dump data that can be used to make particle-
tracker movies of simuiations. However, the
software to actually make the particle-tracker
movies is not part of the COBRA/TRAC package,
and will be released and documented separately.

6-15 TMOVIE Enter the time interval at which to save data

for the movie. Valid only if MOVIE = 1.

GRAF.2 NCGRAF ,MXGDMP,IGRFOP ,NLLR FORMAT (415)

Columns Variable Description

1-5 NCGRAF Enter the maximum number of components for
which graphics data may be saved. (This must
be equal to the value assigned to RESPEC
parameter MH.)

Enter zero (0) if not used.

6-10 MXGDMP Enter the maximum number of time steps for
which graphics data will be saved. Absolute
maximum is MI (RESPEC parameter). (Note: This
cannot be changed on a restart.)

11-15 IGRFOP Enter the vessel graphics option, as follows:

0 for normal vessel dump (all variables saved
for all vessel computational cells)

N, where N is the number of user-selected
vessel variables to be saved for graphics
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(Note: The graphics dump for a one-dimensional
component is the same regardless of the value
specified for IGRFOP. This option is needed to
reduce the vessel graphics dump to managable
size for large problems.)
16-20 NLLR Enter the number of liquid level

calculations. (Number of GRAF.3 cards.) (Valid
only if IGRFOP > 0.) (See Section 3.4.2 for
discussion of this input.)

Card GRAF.3 is read once for a Tiquid level calculation in channels that are
all in the same section. If a Tiquid Tevel calculation includes channels in
different sections, GRAF.3 is read once for each section involved. Card
GRAF.3 is road a total of NLLR times.

GRAF .3 (NCHLL(N),JSLL(N).JCELL(N).(ICLL(I,N).I*I,NCHLL(N)) Read only if

NLLR > 0. FORMAT(1615)
Columns Variable Description
1-5 NCHLL (N) Enter the number of channels in a section to be
used for liquid level calculation N.
6-10 JSLL(N) Enter the starting axial node number for the

liquid level calculation.

This value should be negative if continuing

input from previous sections of a liquid level

calculation that crosses section boundaries.
11-15 JELL(N) Enter the ending axial node number (in the

section containing channels ICLL(I,N)) to be

included in the 1iquid level calculation.

16-20 ICLL(I,N) Enter tne index numbers of NCHLL(N) channels to
use in the liquid level calculation.

21-25 (Enter up to 13 values on the first line. If

vos NCHLL(N) > 13, continue on the next line,

entering values in the 1615 format.)
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GRAF.4 (IGRFIT(I),1=1,NCGRAF) Read only if NCGRAF > O.
FORMAT(1215)

Columns Variable Description
18,000 IGRFIT(I) Enter the index numbers of components for which

data is to be saved. NCGRAF entries will be
read, but zeroes are permissible. (A zero
entry can be changed to a component number on a
restart, and a component number can be changed
to a zero. But to continue saving data for a
given component on a restart, it must be
entered in the same location in the IGRFIT
array. Fror example, if component #43 was
entered originally in the 5th location, (i.e.,
IGRFIT(5)=43) all subsequent restarts must
specify component #43 as the fifth element of
the array.)

GRAF.5 ((IGRF(I,J),J=1,2),GRFN(I),I=1,IGRFOP) Read only if IGRFOP > 0.

FORMAT(5(215,F5.0)

Columns Variable Description
1-5 IGRF(I,1) Enter a number signifying the vessel variable
16-20 to be saved. Valid entries are:
31-35 Channel variables--
46-50 1 = pressure
61-65 2 = void fraction

3 = entrained liquid fraction

4 = Tiquid fraction

5 = 1iquid temperature

6 = vapor temperature

7 = 1liquid density

8 = vapor density

9 = vapor flow
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10 liquid flow

11 entrained liquid flow

12 = vapor generation rate

13 = heat transfer rate to liquid

14 heat transfer rate to vapor

15 drop mass entrainment rate

16 drop mass de-entrainment rate

17 drop interfacial area density

18 = ETAENP

19 HASHL

20 = HASCL

21 HASHYV

22 = flow regime

23 = boundary condition type

24 = interfacial drag coefficient (XK)
25 = interfacial drag coefficient (XKGE)

37 = mixture density; (JOV*(l-G)OJ

Gap variables--
26 = vapor crossflow
2 liquid crossflow
28 entrained 1iquid crossflow
Rod Variables--
29 heat transfer mode
30 liquid temperature (seen by rod
IGRF(1I,2))
31 = vapor temperature (seen by rod
IGRF(1,2))
32 heat transfer coefficient to 1iquid
33 heat transfer coefficient to vapor
34 = heat flux
35 rod surface temperature
36 peak temperature on rod identified in
IGRF(I,2) at axial node GRFN(I)




6-10

21-25
36-40
51-55
66-70

11-15
26-30
41-45

56-60
71-75

IGRF(I,2)

GRFN(I)

Enter channel, rod or gap number for which
selected variable will be saved. Parameters
1-25, and 37 are channel variables; 26-28 are
gap variables; 29-36 are rod variables. If
IGRF(I,1) = 35 or 36 and the inside surface
temperature is desired, enter the negative of
the rod number.

Enter the vertical node number for which the
selected variable will be saved.

For rod variables, enter the vertical elevation
in inches. (Must be within 1 inch of a
vertical node location.

For IGRF(I,1)=36, enter the radial node index
(Node 1 is on the inside of the rod)
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2.4 TIME DOMAIN DATA, read by subroutine TIMSTP

After all component data has been entered the user must define the time
domain for the simulation. The total time can be divided into several domains
of specified daration. Each time domain can have different minimum and
maximum time step sizes and different edit intervals. To terminate the
calculation a time domain with a negative time sten size is entered. Two

cards are required to specify the data for each time domain.

TIME.1 DTMIN,DTMAX,TEND,RTWFP , TMAX FORMAT(5E14.6)

Columns Variable Description

1-14 DTMIN Enter the minimum time step allowed for this

domain, in seconds.

Enter a negative value to terminate the

calculation.

Enter the maximum time step allowed for this
domain, in seconds.

Enter the end of this time domain, in seconds.
Enter the ratio of conduction solution and
fluid solution time step sizes. (Used to
obtain steady-state conditions. The conduction
solution can generally take time steps greater
than the fluid solution. For transient
calculations, RTWFP should be one.)

Enter the maximum CPU time allowed for this
run. If this CPU limit is reached during this
simulation time domain, the run will

terminate. (Dump files will be written, so the

calculation can be restarted.)




TIME.2 EDINT,GFINT,DMPINT,SEDINT,TCKLEND FORMAT(5E14.6)

Columns

Variable

Description

1-14

15-28

29-42

43-56

EDINT

GF INT

DMPINT

SEDINT

Enter the print interval for this time
domain. Output will be printed every EDINT

seconds.
Enter the graphics interval for this time

domain. Data for graphics will be saved every
GFINT seconds.

Enter the restart dump interval. Data for
restarts will be saved every DMPINT seconds.
(NOTE: For larger problems, the restart dumps
create relatively large files, and can become
unmanageable if too many dumps are written
during a simulation. Regardless of the value
for input DMPINT, the dump logic automatically
writes dumps at the beginning of a calculation,
at the end of a calculation, and after every 60
minutes of CPU time during the calculation.
This is usually quite sufficient, and DMPINT
can be set to a large value.)

Enter the “short edit" interval for this time
domain. (A “short edit" is an abbreviated
print.) Short edits will be performed every
SEDINT seconds.
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§7-70 TCLKEND Enter the wall clock time (decimal, 24 hour
clock) at which to stop the calculation and
create a restart dump and edit. (This is
useful for running the calculation during
particular shifts; for example, TCLKEND can be
entered as 7.5 to stop the calculation at
7:30am.

Enter zero if this feature is not used.

Repeat cards TIME.1l and TIME.2 for each time domain desired. A final time

domain with a negative value for DTMIN must be entered to terminate the

calculation.
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2.5 SPECSET REDIMENSIONING PROGRAM

Allocation of array storage in COBRA/TRAC reflects a major difference
between COBRA-TF and TRAC. TRAC uses two large arrays for variable storage,
with varic 12 locations calculated for each problem using pointer arrays.
COBRA/TRAC has retained the pointer arrays and locating logic for the one-
dimensional components. COBRA-TF uses a set of COMDECKS containing array
variables which can be redimensioned using a preprocessor program, SPECSET.
When redimensioning the COBRA/TRAC code, both of these storage allocation
methods must be accommodated.

This section discusses the procedure for redimensioning the COBRA/TRAC
code on a CDC machine with the UPDATE facility. The pro.cdure consists of a
series of updates (outlined below) that define the sizes of the COMDECK arrays
for the VESSEL component, and the length of the A and ALCM arrays for the one-
dimensional components.

The COMDECKS for the vessel component of COBRA/TRAC consist of sets of
common blocks with dimension parameters instead of numbers defining the
arrays. An example of a typical COMDECK line is

COMMON/DUMMY/ A(MC,MX), B(MT)

These common blocks are, obviously, unusable in this form. No computer would
successfully compile them. The SPECSET program is used to convert the
dimension parameter to numbers. The user supplies input to SPECSET to define
the parameters, (for example, MC=20, MX=100, MT=5), and SPECSET creates a new
COMDECKS file with 1ines such as

COMMON/DUMMY/ A(20,100), B(5)

This new COMDECK file is copied into the COBRA/TRAC code via UPDATE, and the
code can then be compiled. The user must supply values for 41 dimension
parameters for SPECSET to redimension COBRA/TRAC. The line-by-line input for
SPECSET is listed in Section 2.5.1, and the 41 dimension parameters which must
be define are listed in Table 2.1.
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The A and ALCM arrays to define the size of the storage allocated for the
one-dimensional components can be changed only by changes to the code
(specifically, in common decks BLANKCOM and LCMSPACE, and subroutine
GLLKDAT). The appropriate sizes for the A and ALCM arrays for a particular
problem are difficult to estimate a priori. The user could, for a particular
problem, work through the logic in the code bv hand to add up the storage
allocations for each component, and thus arrive at a value for the storage
required. This is a very tedious process, however. It is much simpler to
optimistically assume that the standard dimensions in the code (of 5000 for
the A array and 10,000 for the ALCM array) will be large enough for the
problem, and execute the code. In processing the input data, the code
automatically adds up the storage required by the problem, and checks it
against the existing dimensions. If the arrays are too small, the code prints
an error message telling how much more room is needed.'d)

The Job Control Language (JCL) and input files required for
redimensioning COBRA/TRAC are illustrated below. Although the procedure shown
redimensions both the vessel arrays (through SPECSET) and the one-dimensional
arrays (through UPDATE changes) it should be noted that either may be done
separately. The one-dimensional arrays can be redimensioned, starting with
any complete update library of the code. Similarly, SPECSET redimensioning
can be executed without redimensioning the one-dimensional arrays. The
complete procedure is as follows;

1. Create a source file of the COMDECKS.
UPDATE2( I=CDECK,L=0,5=TAPE3)
CDECK is a card-image file of the COMDECKs ABSORD through RESPAR,
with the dimension parameters in place of numbers.

TAPE3 is a source file created by UPDATE from CDECK, which will be
read by SPECSET.

Ta) TRAC originally contained a variable dimensioning capability that would
automatically adjust the array sizes for a given problem. But since this
logic is of necessity machine dependent, it was not included in
COBRA/TRAC.
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2. Create a compile file of program SPECSET and compile it
UPDATE2( I=RESPEK,C,L=0)
RESPEK is a card-image file of program SPECSET.
FTN(I=COMPILE,CNAME=SPECS,SL=0,R=0)
SPECS is an executable binary of SPECSET.

. Execute SPECSET. (Input file TAPE2 and the COMDECKS file TAPE3 must be
available. See sample input in Table 2.2)

SPECS
SPECSET creates a file on TAPE4 that contains the vessel COMDECKs

with numbers in place of the dimension parameters.

4. Remove the old COMDECKs from COBRA/TRAC.
UPDATE2(P=CT012U,N=NEW1,1=A,L=0,C=0,F)
A is an update input file that removes the old COMDECKS. It
contains 1 line;
*PURDECK ABSORD.RESPAR
CTO12U is an old program library of COBRA/TRAC.
NEWl is the new program library of COBRA/TRAC created by the

update.

5. Complete the purge of the old COMDECKs from COBRA/TRAC.
UPDATE2 (P=NEW1 ,N=NEW2,1=B,C=0,L=0,F,E)
B is a dummy update input file consisting of 1 line:

*ID DUMY
NEW1 is the old program library of COBRA/TRAC. (created in step 4)

NEW2 is the new program library of COBRA/TRAC (which has no
COMDECKs) .
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6‘

7'

Add the new COMDECKs to COBRA/TRAC.
UPDATE2 (P=NEW2 ,N=NEW3,1=C,L=0,F)

C is an update input file that adds the new COMDECKS, on TAPE4, to
COBRA/TRAC. It consists of 1 line;

*ADDFILE TAPE4,YANKSSS

NEW2 is the old program library of COBRA/TRAC. (created in step 5)
NEW3 is the new program library of COBRA/TRAC (which contains the

new COMDECKs).

Change the dimensions on the A and ALCM arrays.

if the standard values of the arrays are large enough for the problem at
hand, this step can be omitted.)

UPDATE2(P=NEW3,N=NEWPL, 1=D,L=0,F)

(This step is optional;

D is an update input file containing the changes;

*D BLANKCOM.3,4
COMMON A(nnnnn)
INTEGER IA(nnnnn)

*D BLKDAT.55
DATA LAST/nnnnn/

*D LCMSPACE.3,4
COMMON /LCMSP / AL CM( mmmmm )
DIMENSION TLCM(mmmmm)

*D BLKDAT.54
DATA LLAST/mmmmm/

(The A and IA array must be
dimensioned to the same value,
since they are equivalenced.)

(The variable LAST defines the
last element of the A array. It
must be set to the value the A
array is dimensioned to.)

(The ALCM and ILCM array are
equivalenced.)

(The variable LLAST defines the
last element in the ALCM array.
It must be set to the value the
ALCM array is dimensioned to.)

(The file D may contain other changes to the code, also.)
NEW3 is the old program library of COBRA/TRAC.

NEWPL is the new program library of COBRA/TRAC, (which contains the

new COMDECKs, the new A and ALCM arrays, and any other changes

included in file D.)
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8. Compile the new program library (NEW3 or NEWPL, derending on whether or
not step 7 was executed).

(If step 7 was skipped, change the name of file NEW3 to NEW'L.)
UPDATE2(P=NEWPL ,I=HOPE1,C,L=0)
FTN(I=CQMPILE.ROUNDsO.BtTLIBl.SL-O,R-O)

UPDATE2(P=NEWPL ,1=HOPE2,C,L=0)
FTN( I=COMPILE ,ROUND=0,B8=TL1B2,5L=0,R=0)
UPDATE2(P=NEWPL, I=HOPE3,C,L=0)
FTN(I=COMPILE ,ROUND=0,B=TLIB3,SL=0,R=0)
FTN(1,CSIZE=1300000,SS=400,CNAME=COBRAB,LF=LF12,4
CR=0,SL=0,GLIB=TLIB1,GLIB=TLIB2,GLIB=TLIB3)
HOPE1l, HOPE2 and HOPE3 each contain update compilation
directives for about 1/3 of the subroutines in the code.
TLIB1, TLIB2 and TLIB3 are FTN libraries each containing the
compiled subroutines of the code defined by HOPEl, HOPE2 and
HOPE3, respectively.
LF12 contains the overlay structure.
COBRAB is the executable binary file.

The above described JCL is for the LANL LTSS system. Non LTSS users will have
to modify the above procedure to be consistent with their operating system.
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2.5.1 SPECSET Input Instructions

SPEC.1 LCMV FORMAT(A3)
Columns Variable Description
1-3 LCMY Alphanumeric flag for large core memory

option. Enter LCM to specify large core memory
storage for major array variables in COBRA-TF
common blocks. Enter a blank card to specify
small core memory only.

SPEC.2 IFTURB FORMAT(15)

Columns Variable Description

1-5 IFTURB Optional dimensioning of turbulence arrays;
IFTURB = 0, code dimensioned for turbulence

model .
IFTURB = 1, code not dimensioned for
turbulence model.

SPEC.3 MM=IVAL FORMAT(2A1,1X,15)
Columns Variable Description
1-2 MM Enter a two-character alphanumeric dimension

parameter name. (See Table 2.1).
3 Enter an equal sign (optional).

4-8 IVAL Enter the numerical value desired for the
dimension parameter named in MM. The number
entered may be right or left-justified. The
code extracts only the actual digits entered.
For example, MC=100 is intepreted as the same
value as MC= 100.
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Card SPEC.3 is repeated until all 41 dimension parameters have been
specified. The SPECSET program will fail if even one has been omitted. The
parameters can be entered in any order, as long as none are left out. The
equal sign between MM and IVAL is not read by the code, but it helps clarify
the input for the user. On restarts SPECSET parameters may not be changed
from those used to create the restart dump, otherwise, the dump will be read
improperly.
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TABLE 2.1. SPECSET Dimensioning Parameters

Parameter pefinition

MA Maximum number of pairs of entries for the vertical variation
tables. Each table will be dimensioned for MA pairs of elements.
(This parameter should be equal to or greater than the maximum
value of NAXL(I), entered in group 5 on card VESSEL5.2.)

MB Maximum number of channels per section. (This parameter should be
equal to or greater than the maximum value for NCHN, entered in
group 4 on card VESSEL4.2.)

MC Maximum number of channels. (This parameter should be equal to or
greater than the maximum value of I, entered in group 2 on card
CSSEL2.2).

MD Number of records read to describe transverse orthogonal

convection. (This parameter should be equal to or greater than
NLMGAP, entered in group 3 on card VESSEL3.4.)

M[(a) Maximum number of connections to one-dimensional components at a
given level in the VESSEL. (This parameter is not checked directly
by the code. The user must check it against his input on card

COBRA.5.)

MH Number of components dumped for graphics.

MI Maximum number of graphics dumps to be made.

M5 Number of variables dumped for short graphics dump. (This
parameter should be greater than or equal to IGRFOP input on card
GRAF.2.)

me'a) vessel loop connection logic parameter. It must be equal to or

greater than the value obtained from the following.

[a) Care should be used when selecting this parameter since it may increase in
a subsequent restart calculation. The maximum value expected for the
entire transient should be specified.
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TABLE 2.1. (continued)

Parameter Definition
M6 > NVC*(2*MVCL+2)
where NVC = total number of vessel connections (specified by

input on lime COBRA.4).
MCVL = the maximum number of vessel connections in any

one loop, (where a loop is defined as a flow path
through a series of one-dimensional components
that exits the vessel at jne junction and returns
to the vessel through at least one other
junction or ends at a break or fill.)

mg(a) Maximum number of junctions. (This jarameter should be equal to or
greater than NJUN, entered on card INPUT.4.)

MF Maximum number of fuel geometry types. (This parameter should be
equal to or greater than NFUELT, entered in group 9 on card
VESSEL9.1.)

MG Maximum number of transverse connections between channels (i.e.,

gaps). (This parameter should be equal to or greater than the
maximum value of NK, entered in group 3 on card VESSEL3.2.)

ML Maximum number of vertical variation tables. (This parameter
should be equal to or greater than NAFACT entered in group 5 on

card VESSEL5.1.)

MR Maximum number of rods. (This parameter should be equal to or
greater than NROD, entered in group 8 on card VESSELS.1.)
MS Maximum number of pressure sink and mass source boundary conditions

(1.e., up to MS type 4 boundary conditions and up to MS tyne 5
boundary conditions can be specified in input group 13.) (This
parameter should be equal to or greater than the maximum number of
either type 4 or type 5 boundary conditions specified in group 13

on card VESSEL13.4.)

MT Maximum number of material property types. (This parameter should
be equal to or greater than NMAT, entered in group 10 on card
VESSEL10.1.)
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Parameter

TABLE 2.1. (continued)

Definition

MU

Maximum number of specified vertical boundary conditions. (This
parameter should be equal to or greater than NIBND, entered on card
VESSEL13.1.)
Maximum number of forcing functions on the specified cell boundary
conditions. (This parameter should be equal to or greater than
NFUNCT on card VESSEL13.1.)
Maximum number of vertical nodes in a section. (This parameter
should be equal to or greater than the maximum value of NONODE+2,
entered in group 4 on card VESSEL4.2.)
Maximum number of locations plus 1, in any one channel, where
vertical velocities convect transverse momentum acros: section
boundaries. (This parameter should be at least 1 greater than the
maximum value of NAMGAP, entered in group 2 on card VESSEL2.2.)
Maximum number of l1iquid level records to be read by input line
GRAF.3. This is the maximum number of groups of channels that can
be considered in the liquid level graphics calculation.
Maximum number of continuity cells. This parameter should be equal
to or greater than the sum of all nodes in all channels;
NSECTS
. NCHN(N)*NONODE(N)
N=1
where NSECTS = total number of sections (entered on card
VESSEL4.1.)
NCHN(N) number of channels in sec .ion N, (entered on card
VESSEL4.2.)
NONODE(N) = number of vertical levels in section N, (entered on
card VESSEL4.2.)

Maximum number of flow connections to a cell, (including all

connections for vertical flow and transverse flow).




Parameter

TABLE 2.1. (continued)

Definition

NE

NF

NI

NL

NN

NP

NO

NR

Maximum bandwidth of pressure solution matrix. Bandwidth for a
given problem is (2*IWIDE+1), where IWIDE is specified in group 4
on card VESSEL4.4. NE must be equal to or greater than

(2*IWIDE+1).
Maximum number of pairs of entries in tables of forcing functions

on boundary conditions, rod power and gap conductance. Each
forcing function may have up to NF pairs of entries. (This
parameter should be equal to or greater than the maximum of
NPTS(K), entered on card VESSEL13.2, and NQ and NGPFF, entered on
card VESSEL11.1.)

Maximum number of cells in any one simultaneous solution group.
(This parameter should be equal to or greater than the maximum
difference between adjacent elements of the MSIM(I) array, entered
in group 4 on card VESSEL4.5.)

Maximum number of transverse momentum cells that have crossflow set
to zero. (This parameter should be equal to or greater than NKBND,
entered in group 13 on card VESSEL13.1.)

Maximum number of radial nodes for conduction in a rod. (This
parameter cshould be at least 2 greater than the maximum value of
NFUEL, entered in group 9 on card VESSEL9.2 and greater than the
number of ncdes specified for a nonnuclear geometry type.)

Maximum iumber of entries in a material property table. (This
paramete should be equal to or greater than the maximum value of
NNTDP, entered in group 10 on card VESSEL10.2.)

Maximum number of sections. (This parameter should be equal to or
greater than NSECTS, entered in group 4 on card VESSEL4.1.)
Maximum number of heat transfer surfaces on all rods, including
both internal and external surfaces in contact with the fluid.
(This parameter is not checked directly in the code. The user must
check it against his input for the LR array in group 2 on card
VESSEL2.4.

2.115



Parameter

TABLE 2.1. (continued)

Definition

Ns(l)

NT

NV

NY

NZ

N3

Maximum number of junction connections to one-dimensional

components. (This parameter should be equal to or greater than
NCSR, entered on card COBRA.4.)

Maximum number of unheated conductors. (This parameter should be
equal to or greater than NSROD, entered in group 8 on card
VESSELS8.1.)
Maximum number of heat transfer surfaces on all unheated
conductors, including both internal and external surfaces in
contact with the fluid. (This parameter is not checked directly in
the code. The user must check it against his input for the LS
array in group 2 on card VESSEI2.4. NV must be equal to or greater
than the maximum number of nonzero entries in the LS array.)
Maximum number of axial nodes in rods, including those created by
fine mesh renoding. (Recommended value is 80 if renoding is used.)
Maximum number of radial nodes for conduction in an unheated
conductor. This parameter should be equal to or greater than the
maximum value of the sum of all nodes in a ron-nuclear geometry
type.
NFUEL(I)
[ § NODER(L)]
L=1 max
where NFUEL(I) = number of regions in geometry type I (entered
on card VESSEL9.6).
NODER(L) = number of nodes in region L of geometry type I,
(entered on card VESSEL9.7).

Maximum number of vertical levels in the VESSEL. (This parameter

should be at least 2 greater than NDX, entered in group 1 on card
VESSEL1.1.)

Maximum number of axial power profile tables. (This parameter
should be equal to or greater than NAXP, entered in group 11 on
card VESSEL11.1.)
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TABLE 2.1. (continued)

Parameter Definiticn

N4 Maximum number of rod or unheated conductor temperature
initialization tables. (This parameter should be equal to or
greater than NRTAB, entered in group 8 on card VESSELS.1.)

Maximum number of entries in a given rod or unheated conductor
temperature initialization table. (This parameter should be equal
to or greater than the maximum value of NRAX1, entered in group 8
on card VESSELS8.4.)
Maximum number of nuclear fuel rods using the dynamic gap
conductance model. (This parameter is not checked directly in the
code. The user must check it against his input in group 8 on card
VESSEL8.2 by summing the number of heater rods using the dynamic
gap conductance model.)

2 * NN

25 + 5 * NB
NN + 2
NX + 2

1
NB + 5

(b) The parameters NC through NK are dimension parameters calculated
internally by SPECSET, based on parameter values input by the user.
These parameters are not specified directly in the input for SPECSET.
They are listed here onlTy to inform the user that these parameters are
used in the common biocks to define certain arrays sizes.




TABLE 2.2.

Sample Input File TAPE2 for SPECSET Program

MC= 282
MD= 272

MG= 313

NT= 249

NN= 8

NR= 10

MI=1000
M5= 950
M6= 120
M8= 58
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2.6 GRAFIX POSTPROCESSOR PROGRAM

This section describes the input requirements of the GRAFIX postprocessor
program. GRAFIX is an interactive program ti:at reads the graphics dump file
TAPE11(2) created by COBRA/TRAC and, under guidance from the user, translates
the data into a plot file. This file contains the plot coordinates, 2«es
labels, optional measured data coordinates and calculated data. The GRAFIX
program does not produce the plots; instead, it produces a file that can be
read by a plotting program (NEWPLOT) using CALCOMP plot commands for final
plotting. The Programmer's Manual (Volume 5 of this document) explains how
GRAFIX and NEWPLOT work and should be consulted when modifying the COBRA/TRAC
code package for a particular computer system.

GRAFIX can prepare data for three types of plots:
e variable versus time
e variable versus vertical level (in the VESSEL component only)

e rod temperature versus radial location at specific elevations and at
specified times (for the VESSEL component only)

The user can specify up to five separate calculated data curves on any one
plot, plus optional measured data. The user can control the physical size of
the plot, the scaling of the data, and the axis labels. GRAFIX will also
perform some simple unit conversions on the calculated data if requested.

GRAFIX can be run in two different modes: 1) interactively; prompting the
user with questions and waiting for answers from the keyboard, or 2) "batch"
mode, using a command file or data saved from a previous interactive session
for input. In the interactive mode, the user's responses are entered in
unformatted “free-field" mode. This eliminates the need to place the entries
in specific column positions. Multiple entries on a line are separated by
commas. The only restriction is that the user Eggg_inc]ude a decimal point
for real variables.

(@) See Section 2.3, (Graphics Options input), and Section 3.4.2 for a
discussion of how to save graphics data during COBRA/TRAC simulations.
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If the the user does not wish to be troubled with entering plot labels,
GRAFIX will write three labels on the plot accoraing to what it knows about
the variables being plotted. These labels are necessarily somewhat vague, and
for report-quality graphics, the user should enter his own labels. The
default labels are useful, however, for quick looks at the data.

Plot size and label locations are specified in inches. The origin of the
axes is the (0.0 in., 0.0 in.) coordinate of the plot. Label positions are
specified by an (x,y) coordinate at which the label is to start. (This
coordinate is the position of the lower left corner of the first character of
the label.) The size of the label, also in inches, defines the height of the
characters in the label. Labels may be rotated by specifying the angle of
rotation, in degrees. (Usually, x-axis labels are rotated 0.0 degrees, y-axis
labels are rotated 90.0 degrees, but any rotation is acceptable.) The length
of each label can be determined by the following formula:

L = gﬁH*N
where L = length, in inches
H = height of the label in inches
N = number of characters in the label

Using this formula, it is possible to define a starting location for each
label that will place it exactly where the user wants it.

[t default scaling is used, GRAFIX will search for the minimum and
maximum values and scale the data accordingly. This will not generally
produce elegantly partitioned axes, but is useful for scanning the data. The
data to be plotted may also be scaled to fit between user-specified minima and
maxima for the x and y axes, for report quality plots. Unless a conversion
factor is being used, the data will be plotted as found in the graphics dump
file.

Because GRAFIX is normally run interactively, it is not possible to list
the line-by-l1ine input instructions in quite the same manner as for the sther
programs in the COBRA/TRAC package. Instead, a typical interactive session is
given below. This session uses most of the current GRAFIX options.
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-

0

HELLO THERE! GRAFIX IS AT vOUR SERVICE

THE DATA FILE WAS LAST WRITTEN ON 82-03-26. nasnls: 24,
THE FILE CONTAINS 13 puMrs FOP 10 COMPONENTS

THE COMPONENTSE ARE!

NO. TYFE TIME FIRST DATA WAS SAVED
1 ERE AN 15. 0178
e PIPE Loonl
3 VESSEL L0001

IF vYOU WISH TO ENTER OFTIONS INTERACTIVELY
ENTER [ (ZERQ). IF YOU WANT TO USE INTERACTIVE
DATA SAVED FRUM AN EARLIER MUN (TAFEZ) ENTER 1

ENTER THE COMPOMENT NUMEER TO BE PLOTTED
ENTER I (ZERQ' TO TERMINATE THIS RUN

YOU HAVE SELECTED THE VESZEL

ENTER |1 FOR TIME PLOTSE
ENTER & FOR AxXIAL FLOTE
ENTER 2 FOR RBADIAL PLOTE

YyOuU HALVE SELECTED A TIME FLOT.
THE FOLLOWING CALCULATIONS OR CONVERSIONE APE

CURRENTLY AVAILABLES

A ® FACTOR
(A + B) ® FACTOPR
(m — B ® FACTOR
(A + cl1) & -2 + FACTOR

F T U
nuan

ENTER YOUR CHOICE

cHOICES 1| OR 4 MAY BE AVERAGED OVER
AXIAL BANGE. ENTER | TO AVERAGEs | OTHERWISE

ENTER THE NUMEBER OF CURVES FOR THIE FLOT.
(MIN.=1smAx, =5
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THE FOLLOWING VARIAFLES ARE FOFSIBLE FELECTIONS

coe

A om B

1=LiouID FRAC
IEUAROR ERACT

TION

I=xvzE (1 )

fuilo

10M CEEDENT (I g
ITENTRAINED LIGUID FRACTION CISZENT (14 )
AL IOUID FLOW (CONTINUITY) 24=rr13 180"
S=vaArOR FLOW (TONTINUITY) ZE=MTCL (I eN)
SEENTRATNED FLOW (CONTINUITY) CESHTCU (I N
TECIOUID FLOW (MOMENTLM' Z7=0R0D (I XN
FTUAROR FLOW (MOMENTLM! SA=MODE (T v
FIEENTRAINED FLOW (MOMENTLIM) Z3=ROD TEMRERATURE
l=epgssune G0=LIEUID CROSEFLOM (CONTINUITY !
11=L10UID TEMPERAT RE Il=UARPOR CROSEFLOW (CONTINUITY)
12=varPnR TEMFERATLSE IZTENTRAINED CROSTFLOW ‘CONTINUITY)
13=L10UID DENSITY AITHTCLE (TN
14=varOR DENSITY A=MTCUE (T
1S=HAsHL (100 3S=mMODES (TN
16=mAzMe 1y 30 JEETLIOSC Jens
17=GAaMa 1y 3 AITETUaES L JeN
18=mAascL (1 ) II=TETROIs N
19=wascr v 19 a)
S0=xxige )
ENTER SELECTIONS FOR AsBsClscdsFACTOR
== 0 IF NOT JSED FORMAT 15 (2515« 3r1D
T 10s0s0, 00,91,
ENTER SHIFT FOR TIME A<ISs ) IF NOT NEEDED
? 0.
ENTER CHANNELY ROD OR GAF NUMBER FOR & -~ cupvg |
A
ENTER NODE NO. (AXIAL FOR CHANMELE OR GSEES)
RADIAL FOR ROD TEMFERATURESs (| OTHERWISE)
79
ENTER CHANNEL: RCOD OR GAF NUMEER FOR A - cuRvg 2
7.3
ENTER NODE NO. ‘A<IAL FOR CHANNELE OF GARS)
PADIAL FOR ROD TEMFERATURESs () OTHERWISE)
[ -
DO vOU WANT MEASURED DATA ON THIS =LAT?
7 nO :
NOW DESCRIBE THE PHYSICAL CHARACTERISTICS OF THE FLOT
DEFAULT FIZE 15 6.0 IN () By S.0 IN (v3
DEFAULT LARELS ARE MINIMAL DESCRIFTIONS OF THE AXES
DEFAULT SCALING USES MINS. AND MAXS, ENCOUNTERED IN THE DATA
ENTER ) TO USE THESE DEFAULTSs | TO DESCRIBE FLOT FuULLY
70
ENTER THE COMPONENT NUMBER TO BE PLOTTED
ENTER (I (ZERD) TO TERMINATE THIS RUN
TP
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o

(O WARUE FELECTED THE VEFFEL
ENTER | FOR TIME FLOTSE

EMNTER & FORP AxTAL FLOTE
ENTER 3 FOR RADIAL BLOTE

YOuU HAVE TELECTED A TIME FLOT.

THE FOLLOWING CALCULATIONS OF ZONVERIIOQNE ARE

CURRENTL Y AUVATILAELES

a & FacTOR
(A + B ® FACTOR
A - B) ® FACTOR
‘a + Z1 & =2 4+ FACTOR

F O T
LU U

ENTER DURF CTHOICE

ENTER THE NUMEER OF CUSVES FOR TWIZ FLOT.

(MIN, =1lemme, =5

THE FOLLOWING VARIABLES APE POITIELE ZELECTIONS

FOR A ORP B

{=LIPUID FRACTION

2= APaR FRACTION
I=ENTRAINED LIPUID FRACTION
4= IOUID FLOW (CONTINUITY)
S=argR FLOW (CONTINUITY?

LEENTPRAINED FLOW (CONTINUITY)

TELIEUID FLOW ‘MOMENTLM?
S=UREOR FLOW (MOMENTUM)
S=ENTRAINED FLOW ‘MOMENTUM)
10=eREZSURE
11=LI0UID TEMPERATURE
12=vAFO0R TEMPERATURE
13=LIPUID DENFITY
14=vAFOR DENSITY
1S=mAsSHL (T2 T
lE=MATHY (1 T
17=GAMA (I3’
18=mASCL Iy IV
193=HRZCL (I8 I
cl=vr i1 )

ENTER SELECTIONS FOR AsBsClsCSHrFRCTOR
-= fl 1F NOT USED FOPMAT 13 (215:3F100
10100, 00, 0,95

Cl1=«wBE I J)

SETTDENT (1830

Z3=zENT (Lo )

24=1513 1800

ZOEMTCL (TN

CESHTC (Ixe N

ST =pROD L IX N

CE=MODE (T e N

Z2F=POD TEMFERATUSE

F0=LIPUID CROSSFLOW " COMNTINUITY)
Il=vAFOR CROSSFLOW (CONTINUITY!

AZ=TENTRAINED CROSSFLOW (CONTINUITY)

IAEMTCLE (TN
I4=HTCVE LT IND
3S=MODES (JN)
IEETLIPS (TN
IT=ETUARES (JeN2
IS=TSTR (T s JaN?



ENTER SHIFT FOR TIME &x<1S»s 0 17 wOT NEEDED
U, »

ENTER CHANNELY ROD OR GAF NUMEER FOR & - CuURVE 1

ENTER NODE NO. (AXIAL FOR CHANNELS OR GAPS)
RADIAL FOR RSOD TEMPERATURESy () OTHERWISE

-3
A

ENTER CHANNELY ROD OR GAP NUMEER FOR B - CuURvE 1

ENTER NODE NO. (AXIAL FOR CHANNELES OR GARE)
PADIAL FOR ROD TEMPERATURESs (| OTHERWISE)

-
@D

DO vOU WANT MEASURED DATA ON THIS eLOT7

~

NO
NOW DESCRIBE THE FHYSICAL CHMARACTERISTICE OF THE =LOT

DEFAULT SIZE 15 6.0 1N (x» By S.0 IN (v
DEFAULT LABRELS APE MINIMAL DESCRIPTIONS OF THE AXES
DEFAULT SCALING USES MINS. AND MAXE. ENCOUNTERED IM THE DATA

ENTER 0 TO USE THESE DEFAULTSEs | TO DESCRIEE PLOT FULLY

ENTER THE COMPONENT NUMBER TO BE SLOTTED
ENTER [ (ZERO) TO TERMINATE THIS RUN

-1
-

YOU HALVE SELECTED A ONE-D COMPONENT.
CURRENTLY ONLY TIME PLOTS ARE AVAILABLE.
THE FOLLOWING COMPUTATIONS OF CONVERS IONS
MAY BDE SELECTED

1=A *& FACTOR

S=(A + B) ® FacTOR

I=(m - B) ® FAcTOR

4=(p + Cl) ® =2 + FacTOR

ENTER vOUR CHOICE

THE FOLLOWING VARIABLES ARE POSSIBLE SELECTIONS
FOR A AND B

1=vAPOR FRACTION 11=varoe FLOW
CEPRESSURE

ISLIGUID DENSITY

4=/APOR DENSITY

SSELIBUID TEMPERATURE

ESUARPOR TEMPESATURE

7ELIGUID VELOCITY

S=vaArOR VELOCITY

I=MIXTURE VELDOCITY

10=C1euID FLOW

ENTER SELECTIONS FOR AsBrClscZryrmcTOom

(0 IF NOT USED). FORMAT 15 (21%S: 3¢l
? e|0)0.!0.91.’
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ENTER ZHIFT FOR TIME A-15s U IF NOT NEEDED

e o
ENTER THE NUMBER 2OF CURVES FOR THIT FLOT
(MIN.=1s MAx, =5

ENTER CELL NUMEER FOR A - cume 1
4
DO (O WANT MEAIUSED LATA ON THIT FLOTT
~NO
NOW DESCRIEBE THE FHYIICAL CHAPACTERIITICE OF ThHE SLOT
DEFAULT SIZE 15 £.0 IN <x' By S.0 1n (v
DEFAULT LABELS ARE MINIMAL DESCRIFTIONES OF THE A<ES
DEFALLT SCALING USES MINS. AnD MA-S, ENCOUNTERED IN THE DATA
ENTER () TO USE THESE DEFAULTEs |1 TO DESCRIRE FLOT FuLLY
0

ENTER THE COYEONENRT NUMEER TOD EE FLOTTED
ENTER (I (ZERQO' TO TERMINATE THIF RUN

e

YOU HALVE ZELECTED A ONE-D COMFONENT.
CUBSRENTLY ONLY TIME EFLOTE ARPE AUVATILAELE.
THE FOLLOWING TOMPUTATIONE ORF ZONVERSIONE
My BPE FELECTED

1=/ ¢ FacTOorR
S=is + B ® FACTOR
3=/ ~ B} ® FACTOR
4=(a ¢+ <17 & =2 + FACTOP

ENTER yOUR CHOICE

THE FOLLOWING VARLIAEBLES ARE FOSESIEFLE FELECTIONS
FOR A AND T

1=varnR FRACTION 11=vasor FlLOW
CEPRESZURE

ITLIPUID DENEITY

4= /PaR DENSITY

S=_IPUID TEMPERATURE

ESUapORr TEMPFERATURE

7ELIPUID VELOCITY

S=uar0Pr VELDCIT

=M1 TURE VELOCITY

10=LIpUID FLOW

ENTER SELECTIONF FOR QOl’C1¢C39FQC1'Dl
(0 1F NOT USED) . FORMAT 15 (215 32e1lD
FL I IUNER N S
ENTER ZHIFT FOR TIME AxI5s [ IF NOT NEEDED

0"
ENTER THE NUMBER OF CURUVES FOR THIE FLOT
(MIN. =1y MAx. =5
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Y

NO

o

ENTER CELL NUMBER FOR & -

O

ENT

ENTER THE COMEONENT NUMEER TO SE FLOTTED
TO TEPMINATE THM1E =

ENT

vQu

QU HALE TELECTED AN AL TAL BLOT,
CONCERT IONE

THE

TURBEMNTL Y

EnT

ENT
LR

THE
L L]

cumcE
VOU MANT MEATURED DAaTA
DEZCRIRE THE ®MySICHL
DEFALLT 5126 IF =.0

DEFALLY LABEL:
DEFAULT FCALING

A2 1
UIEE "MINT,

E® ) TO UFE THEZE DEFAULTEs

€r (0 ' zemo:

HAUE FELECTED TWE VEFTEL
ENTER | FOom
ENTER 2
ENTER 2

TImE FLQTF
FOR A«1AL FLOTS
FOR RAan1AL S 0TS

FOLLOWING CALCULATIONE OR

AURILABLE

1=a & sacrTae

S=il + Er € FacCTOR

ITia -~ B e FACTOR

A= ¢ 1) & =2 ¢+ FacTOR
ER OUR CHOICE
ER THE s MRER
Ne=]omm, =%

FOLLOWING
A OR @

1= LIpoUID FRACTION
ZEURAROR ERACTION
ITENTRAINED LIOUID ERACTION
4L I0UID FLOW (CONTINUTITY
SEUARPOR FLOW (CONT2 WITTY)
SCENTRATIMED FLOW
TECIOUID FLOW (MOMENTUM)
FEUARPQR FLOW (HOMENTUMN
FEENTRAINED FLOM (MOMENTUM)
10=press pe
1150 10UID TEMFERATURE
12=2vAPOR TEMEERATRE
13=L10UID DENSITY
4= ArOm DENZIT,
15=masm (100
In=mas (1e 0
1 7=3AmA 1 )
19=mascL (2o
13=mASC 1 T D)
FUL SRS T 8

ON THIE BLOT

CHARS TTERIETI O

S0

Sl

CCONTINUEYY?

2,126

in
ARE MINIMAL DFEICRIETIONS OF TwE & EF
(AL B2

AF TWE #LOT

¥y

« ENCOUNMTESED [t THE

1 TO DESCRIRE FLOT FuLL Y

ang

OF CURI'ES FOR THIF =LaT,

VARIABLES ARE POTFIRLE FELECTIONS

ERL R XS TP &
JETEDENT (T D)
ZITTENT (I 3
c4=1813/ 10 3
SS=MTCL (T e
CEENMTCV I Jran?
ZT=pRap a0
CHEMODE ‘ J -y
SEUTROD TEMEERATURE
JUSLIOUID CROSSFLOW
il=varorm “ROS3FLOW
IZTENTRAINED CROTEFLOM
IEMTCLE TN
IdEuT oo (Jen)
IS=MODEF (I 0
IBETTLIOE TN
ITETeARE (e
IEETETR T e’

DATA

'CONTINUETY Y
FCONTINULITY )

(COMTINUITYY?



150.

TIONE FOR A By

ITED FORMAT

ENTER FIRET ANI

ENTER HAaNNEL Yy BOT

ENTER TwE

T 1 ME
TQ PRODUCE

INTERLU AL

AT WHICHM eLOTSE

WAENT MEASURED DATA ON

DEECRIEBE THE FHMYyEICAL

DEFRULT
DrEa

1ZE
LABRELS
AL ING

18 . IN

LY ARRBE MINIMAL

DEFARULY ITES MINSE

ENTER ] TO 4 3 THE SE DEFRLULTEY

ENTER TwWE OMEQONENT Nt

MEER
TERMINATE

TO

ENTER ‘ZERD T0

HAVE FELECTED TwWE

ENTER | FOoOR
ENTER -~

ENTER

(o]

Os

o

THE

HARLE

SELEC
FOLLOWING

TEL

AL

A RARDIAL &

LATIONE O

RRENTL AUVAILABLE

I NORMAL ROD»

AND FACTOR

-5 § Kot
18 (3F]1

Ooslao

ENTER THE NUMBER

MIN.=1lsmAax, =5

ENTER RPOD NUMERER CURVE

ENTER AxXIAL ELEVATION

.

ENTER ROD NUMERER - CURVE

FE

T

Lor

=~ ON

E PLOY

TERIETI

B UIN
DESCRIFTIONS

Ll ] "= T .
TO DESCRIEBRE

FLOTTERD
s PuUuN

QF PeOL
ERSIONSE

CINCHES

Or

FLOT

TEMPERATURE

ARE

THE

L )

AXES

ENCOUNTERED

-

IN

Y

THE




™
Foros o THE AxES

MINE NPOED: Sa

FOR A

o e
5. 0 -

ENTER THE

ME X IMUM IS

‘i, » THMIZ F TWE a1z

AREL

COMFONENT NUMBER TO BE PLOTTER

ZERQ TO TERMINATE

THIE PUN




HELLD THE-E! GRAFIX IS AT rOUR SERUVICE

THE DATA FILE WAS LAST WRITTEN ON 3208 S D8:01:34,

e
THE FILE CONTAINS 19 puMPs FOR 10 COMPONENTS

THE COMFONENTSE ARES

TIME FIRET DATA WASE SAVED

15.0178
L o001
Lonol

IF YOU WISH TO ENTER OFTIONS INTERACTIVELY
ENTER ([ (ZERO). IF YOU WANT TO USE INTERACTIVE
DATA SAVED FROM AN EARLIER RUN (TAFPE3) ENTER |

STOP FTN
GE 1.904 zZECONDS

— -

cPU= ' 1.07

LL DONE

When running GRAFIX interactively, a file named TAPE3 is created which
contains a log of the users input responses. This file can be saved and used
later in the "batch” mode (as shown above) to recreate the same graphics

output. GRAFIX is extremely easy to use. It prompts the user for all data
needed, and the proper input for a given option is, in general, self-evident.

2.6.1 Measured Data File

If measured data is to be included in the GRAFIX-generated plots, the
user must prepare a file prior to running GRAFIX. This file must have a 5-
character alphanumeric name and it must be available for GRAFIX to read while
the program is being executed. The required format for a measured data file
is shown below.




Record 1

Columns Variable Description
1-5 NPTS  The number of points of measured data in the file. (A point

consists of two values; time and data value, or location and data
value.)

Record 2, 3, ...

Columns Variable Description

1-10, XM(1) The x-coordinate in data units, (not inches),
21-30, for point I (e.g., time or axial distance)
41-50,

61-70,

11-20, YM(I) The y-coordinate in data units, (not inches),
31-30, for point I (e.g., pressure or rod temperature)
51-60,

71-80

There must be four (4) pairs of measured data per record to give a totil of
NPTS points. (The last record may have fewer than four points, however, if
NPTS is not an even multiple of four.)

There is no 1imit to the number of plots that can be produced during any
GRAFIX session. Nor is there any restriction on the order in which the plots
are produced; axial profile plots can be freely interspersed with plots of
variable versus time or radial profile plots. It should be noted that for
each axial or radial profile plot requested, many actual plots may be
produced, since these are produced at specified time intervals.

For each plot, the size of the plot, the label information, and the
coordinates to be plotted for the curves are written to logical unit 2
(TAPE2). This data is then sent to a mini-computer and plots are produced by
a program (NEWPLOT) that reads TAPE2 and iaterprets the input for a CALCOMP
plotter.
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3.0 USER'S GUIDE TO COBRA/TRAC

This section is intended to aid the user in learning to set up the input
model for COBRA/TRAC. There are three basic tasks the user must perform:
1) setting up the geometry data to describe the system, 2) specifying the
fluid conditions and forcing functions to define the state of the system, and
3) running the code and interpreting the output.

The first two tasks are covered in Sections 3.1 through 3.5. The input
for the VESSEL component is discussed in detail in Sections 3.1 through 3.4.
Section 3.1 covers the VESSEL geometry input data, Section 3.2 the input for
the conduction model, Section 3.3 the boundary and initial conditions for the
VESSEL component, and Section 3.4 the various output options. The input
required for the one-dimensional components is discussed in Section 3.5. The
information presented in these subsections is intended to explain, amplify and
clarify the line-by-line input for the components, as listed in Section 2.

The third task involves such endeavors as calculating the steady-state
initial conditions for the system, using the dump/restart feature to run the
calculation in a series of steps, and running the graphics postprocessor
program to interpret the calculational results. Sections 3.6 through 3.8 are

devoted to explaining procedures for using these capabilities.

3.1 COBRA/TRAC VESSEL COMPONENT GECUMETRY MODEL

The VESSEL component can be used to model flow in almost any vertical
one-, two- or three-dimensional component. The exceptions are components such
as pumps or pressurizers that have special boundary conditions not included in
the VESSEL module. (These components can be modeled with one-dimensional PUMP
or PRIZER components.) In addition, the problem must be amenable to solution
by the semi-implicit numerical algorithm used in the VESSEL component.

A1l geometries modeled using a VESSEL component are represerited as a
matrix of Eulerian mesh cells. The number of mesh cells used depends on the
degree of detail required to resolve the flow field, the phenon=-1 being

modeled, and practical restrictions such as computing costs and core storage
limitations. In two-phase flow, the mesh cell <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>