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ABSTRACT

NOTRQ1P is a computer code for the simulation of general thermal

hydraulic network transients. This report describes the governing
equations and their numerical solution. It also describes the

extensive modeling capabilities of the code. Detailed input and

output descriptions are given. Comparisons of NOTRWIP results with

experimental data are included to provide qualification.
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l.0 INTRODUCTION

NOTRUMP is a computer code for the simulation of general thermal

hydraulic networks transients.

I

The following list of requirements were felt to be the minimum subset
of important phenomena which should be reasonably represented:

1. A momentum balance suitable for predicting time-dependent flows.

2. A suitable slip flow model for the thermal hydraulic conditions
involved.

3. Natural and mechanical phase separation models, including counter-
current flow modeling capabilities.

4. The capability of incorporating time and spatial changes in operating
conditions due to changes in boundary conditions or control systems.

5. Sufficient detail to represent the different physical and behavioral
regions of steam generators.

6. Running times suitable for making a relatively large number of survey

type runs.

The NOTRUMP computer code has been developed to fulfill these objectives.
The name NOTEUMP is an acronym for N0dal Transient U, M and P. (U, M

and P are the important nodal paramaters: total mass, total internal

energy and pressure, respectively.)

NOTRUMP addresses each of the requirements listed above. It is a general

one-dimensional network code. The spatial detail of a problem is modeled

by elemental control volumes, (nodes), appropriately interconnected by
paths, (links). The spatial-temporal solution is then governed by the
integral forms of the conservation equations in the nodes and links.

1-1
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Flexible noding capabilities, i.e., the general interconnecting of

nodes by links, make NOTRUMP a powerful analytical tool. This, together

with the large number of allowable nodes and links, allows for sufficient
modeling detail to represent many problems. Important applications of

NOTRUMP are anticipated for problems requiring general one-dimensional
tharmal hydraulic network analyses.

The numerical integration procedure for the network conservation equations
is a generalization of the implicit method l* used in FLASil-4 l,
4FLASil and TRANFLO .

NOTRUMP has a detailed momentum balance. Gravitational terms in NOTRUMP

account for the elevations of fluid nodes and flow links and for the
effects of phase distribution in stratified fluid nodes. The NOTRUMP
treatment of gravitational terms allows for detailed modeling regions

where these terms are important.

Frictional terms in the NOTRUMP momentum balance include the effects of
friction and form losses. Friction and form factors can be supplied

externally or calculated internally in the code and can also be included
in the NOTRUMP momentum balance.

The drift flux and bubble rise models in NOTRUMP permit modeling of

vertical slip flow, including counter-current flow. The treatment of

phase separation (both natural and mechanical) and water level behavior
is greatly facilitated by these models.

Even with the phase separation capabilities in NOTRUMP, some special
models are needed for treating steam separator equipment. The TRANFLG
models are used for the swirl vane and Peerless chevron separators.

* Symbols in brackets apply to references in Section 13.

1-2
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as better correlations and models are developed,
lt is anticipated that,*

they may be included in NOTRUMP.

Differential equations representing controllers are included in NOTRUMP.
The controllers are the feedwa. r valve controller, the throttle valve con-
troller and the priesty watsr heater controller (for simulating model boilers).
Modeling of the control systems gives greater capabilities for modeling cer-

tain transients.

" Boundary" nodes and " critical" links (critical links allow mass or heat flows
to be specified) in NOTRUHT permit a convenient way of imposing boundary con-

These may be used instead of controllers for the modeling of certainditions.

transients.

NOTRUMP has mixed implicit-explicit solution capabilities. The implicit
(backward time dif ferencing) technique is an extension of the implicit method
to include implicitly the effect of metal nodes. Longer time steps are

(forward timegenerally possible for this technique than for the explicit

(,

differencing) approach. However, where the use of explicit equations is
adequate, NOTRUMP takes advantage of the reduced calculational effort as-i

sociated with it. For example, metal nodes modeling the steam generator

tubes can usually be treated explicitly.

The following material includes a general code description and detailed de-
scriptions of modeling capabilities. Mathematical details, including solu-
tion techniques, are discussed. Information is given on code use, including
input preparation and output interpretation. Code qualification is also
discussed,

s

1-3
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2.0 CENERAL CODE DESCRIPTION

This section contains a general description of the NOTRUMP code struc-
ture. NOTRUNP is a network code. The ccaponents which make up the
network are defined and the conservation equations associated with
these components are presented. An implicit (backward time differ-

encing) technique is introduced. The vector differential equation

representing the set of conservation equations is converted by the
time differencing to a matrix equation. Finally the calculation pro-

'

cedure is described briefly.

The code components are: fluid nodes, metal nodes, flow links, heat
9

links, and controller equations. These components themselves may be of
several types, as will be described later in this section. Physical
problems are modeled by using the components to form a network of

multiple fluid and metal nodes, appro1riately interconnected by flow
,

and heat links. The nodes provide for mass and energy storage; the
links provide for mass and energy tran fer.

(
Thernal hydraulic effects are modeled in the code. Flow correlations

model the effects of pressure drop and phase separation. Heat transfer

correlations represent all regimes from liquid convection, through

nucleate and transition boiling, to stable film boiling or forced con-

vection vaporization and, finally, to steam forced convection. The

flow and heat transfer correlations will be described in detail in
Sections 5 and 6 respectively.

( 2.1 CODE COMPONENTS

A NOTRUMP network consists of a finite collection of flow and heat
links which are joined at common fluid and metal nodes. In addition,

( controller equations are a part of the network.

2-1
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Thc fluid nodes are labeled 1, . . . . I* where nodes 1, . . . ,I are interior
fluid nodes and nodes 1+1, . . . ,I* are boundary fluid nodes. Interior
fluid nodes are described in Section 2.1.1 and boundary fluid nodes in

Section 2.1.2.

The metal nodes are labeled 1, . . . ,J* where nodes 1, . . . ,J are interior

metal nodes and nodes J+1,...,J* are boundary metal nodes. Interior

and boundary metal nodes are described in Sections 2.1.3 and 2.1.4,

respectively.
,

Flow links are labeled 1,...,K* where links 1,...,K are non-critical

flow links and links K+1,...,K* are critical flow links. They are des-

cribed in Sections 2.1.5 and 2.1.6.

links are labeled 1,....L* where links 1,...,L are non-criticalIteat

heat links and links L+1,....L* are critical heat links. These heat
links are described in Sections 2.1.7 and 2.1.8.

-

Controller equations are labeled 1,...M. They are described in Section

2.1.9.

2.1.1 INTERIOR FLUID NODES

An interior fluid node is defined as a fixed control volume containing
fluid at thermodynamic equilibrium and having associated with it one
consarvation equation for total mass and one for total internal energy.
No flow (only mass and energy inventory) is associated with a fluid

An interior fluid node may be connected with other fluid nodes ynode.

via flow links and with metal nodes via heat links. A schematic dia-
gram of an interior fluid node is presented in Figure 2-1.

The energy and mass conservation equations for interior fluid node i in

NOTRUMP are:

2-2
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(hW) - (hW)e + Q - Q (2-1)1 =
z 31

<tT <cI AcT AcI

~

i < ~ < (2-2)

rcT <cI

The set T is the set of flow links for which node i is the terminal A
bnode and I is the set of flow links for which node i is the initial

node.

Likewise, T is the set of heat links for which node i is the terminal

node and I is the set of heat links for which 1 is the initial node.

An interior fluid node has associated with it a number of important

quantities. The total volume V [ft ] is a constant. The total internal
energy U [ Btu /lbm] is the unknown in the energy conservation equation. ,

The total mass M [lbm] is the unknown in the mass conservation equation.
The pressure P [ psia], temperature T [*F], thermodynamic quality X l - 3,
and various pressure and temperature derivatives are determined from the
fluid equation of state given V, U, and M. Saturation properties are

then found frcm P.

Although an interior fluid node is restricted to being in thermodynamic
equilibrium, it need not be homogeneous. Stratified nodes are allowed.
In these, there is a mixture of steam (bubbles) and liquid at the bottom
of the node with a separated layer of steam at the top. A mixture ele-

vation separates these two regions. Stratified nodes are discussed in
detail in Appendix H.

T

)

2-4
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2.1.2 BOUNDARY. FLUID NODES

A boundary fluid node is defined as a control volune containing fluid e

at a specified pressure P (psia) and enthalpy h (Btu /lbm]. A boundary
fluid node may be connected with other fluid nodes via flow links and
with metal nodes via heat links. A schematic diagram of a boundary

fluid node is presented in Figure 2-2.

The pressure and enthalpy for boundary fluid node i'are specified as
arbitrary functions of time.

P =P (t) (2-3)
g

'

h =h1 (t) (2-4)
g

Other important boundary fluid node quantities are the temperature T [*F],
thermodynamic quality X [ - ), and saturation properties. They are
determined from the fluid equation of state given P and h.

( Boundary fluid nodes provide a convenient means of imposing boundary
conditions. A pressure boundary condition uses the specified pressure.
If flow is out of the boundary fluid node, the donor enthalpy for the
flow link is the specified enthalpy of the boundary fluid node. The
temperature can also be used for a temperature boundary _ condition for

heat transfer.

2.1.3 INTERIOR METAL NODES

i
;An interior metal node is defined as a fixed control' volume containing

metal at thermodynamic equilibrium and having associated with it one
conservation equation for total internal energy (actually, the equationi

is written in terms of the metal temperature). An interior metal node

,

may be connected with fluid nodes via heat links. A schematic diagram
\s. of an interior metal node is presented in Figure 2-3.

2-5
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The energy conservation equation for interior metal node 1 in NOTRUMP is:

( }T = ~

1 (MC )y A A
p

AcIfAcT
N

T and I are defined in Section 2.1.1.

An interior metal node has associated with it a number of important
quantities. The total mass M [lbm] is a constant. The metal tempera-
ture T [*F] is the unknown in the energy conservation equation. The heat

capacity Cp [ Btu /lba 'F) and the thermal conductivity k (Btu /sec 'F f t}
are specified functions of temperature. The thermal conductivity is
used in determining the heat transfer characteristics of heat links con-
nected to the interior metal node. (See Section 6).

2.1.4 BOUNDARY METAL NODES

~~TA boundary metal node is defined as a control volume containing metal
at a specified temperature T [*F]. A boundary metal node may be connec- -

ted with fluid nodes via heat links. A schematic diagram of a boundary
metal node is presented in Figure 2-4.

The metal temperature for boundary metal node i is specified as an
arbitrary function of time.

(2-6)T =T (t)

The other important boundary metal node quantity is the thermal con-
ductivity k [ Btu /sec *F f t] which is a specified function of temperature.

!
|

f
2-8 )
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Boundary metal nodes provide a convenient means of imposing boundary
conditions. A temperature boundary condition uses the specified tem-

,

perature.

A special type of boundary metal node is used to model the primary .

water heater (See Appendix K). For these nodes, the temperature

is given by:

P (2-7)T =Ag+Bfg

.

where P is the control setting for the primary heater and is found

from the controller equations. This special boundary metal node is
used to model the temperature of the heaters as a function of the con-
trol setting.

2.1.5 NON-CRITICAL FLOW LIhTS

A non-critical flow link is defined as a path for fluid flow having asso-

ciated with it a momentum conservation equation for the time rate of |
'

change of the total mass flow rate. No mass and energy inventories (only
flow) are associated with a flow link. A non-critical flow link always
connects two fluid nodes. A schematic diagram of a non-critical flow

link is presented in Figure 2-5.

The momentum equation for non-critical flow link k, which has fluid node
i as its upstrean node and fluid node j as its downstream node, is:

144 g
-

.

(P ) - (P }k k k k+ kW = ~

| k d
()[L/A)k -

(

l s

,)

.

2- 10
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i

4

- _

a,c

+ 144 Sc
. . _

.

a,c

+ 144 g
g

--

; a,c
~

1

+ 14' 8 (2-8) 3e .,

!
-

|

The first two terms on the right hand side of (2-8) represent the pres-
a

! sure driving force. The third and fourth terms represent friction and

] elevation terms, respectively. The remaining terms are momentum flux
terms. They are described in detail in Appendix I. Suffice it to say

: here that p and q represent flow links which connect with fluid nodes
i and j, respectively, but whose defined flow directions may be either

'

into or out of those nodes.
.-

;

A non-critical flow link has associated with it a number of quantities.

Theinertiallength,[L/A[ft"],isaco'nstant. The total mass flow
rate, W [1bm/sec], is the unknown in the momentum equation. The liquid

mass flow rate, Wg [lbm/sec], and the steam mass flow race, W8
*-[lbm/sec], are determined by a slip or drift flux model such that

,

|

I (2-9)W
f + W* = W

.

,)'

I
' The void fraction in a non-critical flow link, a [ - ), is determined

from slip and drift flux models. The specific volume, v (ft /lba), is-
found from the void fraction.

.

i 2- 12
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These models, described in detail in Appendix C, calculate W , W , and og

in a flow link. They allow for relative motion, i.e., slip, between the

liquid and steam phase, and even for counter-current flow. They are ex-
tremely useful in modeling natural or mechanical separation effects in

vcrtical ficw.

The momentum flux model, described in Appendix I, calculates the momen-
tum flux terms in Equation (2-8) . It also limits the flow in flow links
to less than sonic flow.

The continuous flow link model, described in Appendix F, is used in con-
It allows model-junction with the stratified node modele of Appendix H.

ing of a flow link as a finite diameter circular pipe for the purpose of
determining the flow composition at the intersection of the flow link
with.a stratified fluid node.

2.1.6 CRITICAL FLOW LINKS

A critical flow link is defined as a path for fluid flow having associated
with it an equation for the total mass flow rate (rather than the time rate of
change of the total mass flow rate). A critical flow link always connects
two fluid nodes. A schematic diagram of a. critical flow link is presented

in Figure 2-6.

The equation for critical flow link k, with fluid node i as its upstream
node and fluid node j as its downstream node, has the general form:

(2-10)U , M , u), M))W -Wg (t, .

1 1g

Other than the fact that a critical flow link does not have a differential
,

it is treated quite like a non-equation for the total mass flow rate,
critical flow link. The quantities, W , W , a, and v are often found ing g

the same way. The slip, drift flux, momentum flux, and continuous flow

link models are available for use in critical flow links as well as non-
critical flow links.

2-13
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Critical flow links provide a convenient means of tmposing flow boundary
conditions or modeling choked flow at pipe breaks (e.g., steam or feed
line breaks). Remember that all flow links have both upstream and down-
atream fluid nodes. They can be either interior or boundary nodes. Often
a boundary node is used as a donor node for a critical flow link so that
the enthalpy as well as the flow in the link can be specified as a func-
tion of time.

2.1.7 NON-CRITICAL HEAT LINKS

A non-critical heat link is defined as a path for energy flow having

associated with it an equation for the energy flow (heat rate). Only

energy flow is associated with a heat link. A heat link always con-

nects a fluid node and a metal node. A schematic diagram of a non-

critical heat link is presented in Figure 2-7.
~

The equation for the energy flow in non-critical heat link i with node
,

i as its upstream node and node j as its downstream node has the gercral
form:

,

(
(2-11)Q =Qg (A , P , T , P , T ) .g g g

The functional form depends on the heat transfer regime. NOTRUMP in-
cludes heat transfer correlations for all regimes from liquid natural
or forced convection, through nucleate and transition boiling to stable
film boiling or forced convec tion vaporization, and finally co steam
natural or forced convection.

The major quantities associated with a non-critical heat link are the
(

heat rate, Q [ Btu /sec], which is obtained from Equation (2-11) and a
constant heat transfer area, A [ft ], which is used in defining the
exact form of Equation (2-11) .

(.
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2.1.8 CRITICAL HEAT LIhTS

A critical heat link is defined as a path in which the energy flow is

specified as a function of time only, i.e.,

(2-12)Q =Qg (t) .g

A heat link always connects a fluid node and a metal node. A schematic
diagram of a critical heat link is presented in Figure 2-8. Critical

6 heat links provide a convenient means of imposing heat flux boundary

conditions.

2.1.9 CONTROLLER EQUATIONS

A controller equation is defined as a first order time differential
equation for a control variable Z in terms of any control variables and
any other system variables.

The controller equation for control variable 1 is:
,

Z =Fg (t, Z_, U, M_, W, T) e (2-13)
1 _

where the vectors represent all control variables, total internal energies,
total masses, total mass flow rates, and metal temperatures in the system.

These control equations currently model fixed controllers. (See Appendix

K). They could be modified, however, to model other controllers.

2.1.10 FLUID EQUATION OF STATE

All interior fluid nodes contain vater and have the same equation of state
for pressure, P [ psia), and temperature T [*F]:

(2-14)P = * (U /M , V /M )
1 g 1 1 g ,
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(2-15)T-t (U /M , v /M ) .

1 g g 1 1

These equations are used to determine fluid properties in an interior
fluid node once the total mass and internal energy in the node are known.

2.2 NOTRUMP IMPLICIT METHOD

In.this section, an in:plicit method is developed for the numerical irte-
5, ration of the governing NOTRUMP conservation equations. This method,
when used in conjunction with a block inversion technique, produces.an
efficient numerical integration procedure. .

The conservation equations are written as a vector differential equa-
A particular implicit method is then used to change the vectortion.

differential equation to a matrix difference equation. The details of
'

the structure of the matrix equation and the solution technique are
cresented in Appendix E.

Consider now the NOTRUMP network consisting of K* flow links (numbered

such that flow links 1,. . ,K are non-critical flow links and K+1, . . . ,K*
are critical flow links),1* fluid nodes (numbered such that fluid nodes
1,. . . .! are interior fluid nodes and I+1,. . . .I* are boundary fluid nodes) ,

J* metal nodes (numbered such that metal nodes 1,. .. ,J are interior metal

nodes and J+1. . .,J* are boundary metal nodes), L* heat links (numbered
such that heat links 1, . . . .L are non-critical heat links and L+1, . . . ,L*
are critical heat links), and M controller equations. The governing con-
servation equations, presented in Section 2.1, are then

(

E"f (~k (* ' P , P , W ' p' q '***' ))
i j kk

b= hW), - (hW), + Q - Q i= 1, . . . , I , (2-17)
3 x( i

c cI"g AcT AclecT
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h- W i= 1, . . . ,I , (2-18)W -

,

<c ecI

1

1 g g - Q i= 1, . . . , J , (2-19)QT =

p1%

AcTf AcI

,

,

g (t, W, U, M_, T, Z_) i=1,... ,M . (2-20)Z =Cg

Equations (2-17) and (2-18) are coupled to Equation (2-16) through the
equations of state,

P =w (U , M ) i=1,...I . (2-21)
g g

Furthermore, if I or T contain critical flow links, then

W =g (t, P , P ) k=K+1, . . . ,K * (2-22)

.

and Equation (2-21) create further couplings between Equations (2-17) and
(2-18) and Equation (2-16) .

Finally, if I or T contains non-critical heat links, then

,

g (A , P , T , P , T ) t=1,....L (2-23)
,

Q *Q g g gg

i J
together with Equation (2-21) and

i (U , M ) i=1,...,I ' (2-24)T =t
1 g g

' create couplings between Equations (2-17) and (2-18) and Equation (2-19).

,
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The problem to be considered is the following: Given an initial condi-
tion at t=0 determine the temporal behavior on an interval [o, t] of
the network mass flows, heat flows , energies, masses , metal temperatures ,
and control variables satisfying Equations (2-16) to (2-24).

Le t Z = col [W , . . . ,W , U , . . . , U ,M . . . ,M ,T , . . . ,T , Z , . . . , Z ] be a
1 g l 7 y 7 1 y y g

K+21+J+M component column vector and let F_= col [F ,...,F ,77,343] de-t g
note the column vector where the components F are the right-hand sides

1

of Equations (2-16) - (2-20) . Then these equations may be written in

vector form as

= F_ (t, y) . (2-25)

In writing Equation (2-25), it is assumed that Equations (2-22) and (2-21)
have been used to replace the flow rates for critical flow links in
Equations (2-17) and (2-18) by equivalent expressions in terms of energies
and masses. The initial condition corresponding to Equation (2-25) is

z (0) = y'.

A class of implicit methods is introduced and their convergent nature
established in Reference 1. A particular ' implicit method is used here.

Let g (t,1) = [3F /3yf] denote the K+2I+J+M square Jacobian matrixf,

and let L denote the identity matrix of order K+2I+J+M. Suppose now

that an appropriate solution of Equations (2-16) - (2-20) is known at
-

time t and that it is desired to compute the appropriate solution at
# 0 is the time step. Then for 4t'I"" E +1"E +0 n+1 * n+1 g

n n
g1 j(t",y") ]-1d exists and, ifsufficiently small, the matrix [L - at

d_F_(t,y") has no real positive eigenvalues, then [I - At ,1 d(t",y") }d\
_

The appropriate solution y"+ 9to Equation
exists for all At +1 >0.*

n
(2-25) is generated by the one-step method defined by

g( t",y") ] ~ ' F_( t" ,y") (2-26)y = y" + a tg1[I,- otg .

Equation (2-26) may also be obtained by first linearizing Equation (2-25)
about the point (t",y") and then applying the " backward" difference

i
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method to the linearized system. Convergence and stability propsrtisa
possessed by the numerical scheme defined by Equation (2-26) are dis-
cussed in Reference 1.

gyg(t",y")]~ in Equation (2-26) isIn practice, the inverse [L - at d

not computed; instead Equation (2-26) is written in the equivalent form

[(- atgg t",y") ]Ly"+1 7_(t",y") (2-27)F= 4t

The determination of y,n+1n+1 n
where ay,n+1 = y, - y, . then amounts to

the determination of the increment ay"+ , by the solution of the linear
system, Equation (2-27).

The details of the structure of the matrix Equation (2-27) and the solu- -

tion technique are presented in Appendix E. Because of the simple nature

of Equations (2-17) and (2-18), the quantities AU"+1 and q"+1 can be

eliminated from Equation (2-27). The resultant matrix equation is of
order K+J+M, as opposed to K+2I+J+M, the order of Equation (2-27). [ ,c

3)
] Finally, efficient numerical techniques

are used which take advantage of the structure of the reduced matrix
equation, re-ordering the equations and using block elimination.

.

2.3 NOTRUMP CALCULATIONAL PROCEDURE

i In this section, a summary description is given of the N0 TRUMP calcula-
tional procedure. NOTRUMP is currently structured as an overlay program
with two overlay levels, a zero and the primary Icvels. Calculations are

| grouped by function into different programs and subprograms. The calcula-
';

tional procedure is defined by the order in which the zero or main over-
| lay, program NOTRUMP, calls the t'ive primary overlays and the ora r in

which these primary overlay programs call various subprograms.

|
Overlay (0,0) consists of program N0 TRUMP and many commonly used sub-

Program N0 TRUMP consists simply of calls to the five primaryprograms.
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overlays. These three overlays can be called any number of times, thereby
permitting the stacking of cases within a given run.

Overlay (1,0), program PUTIN, is the first primary overlay called by N$ TRUMP.
It reads, echoes, and processes the input data. For a non-restart run,

this involves reading a titio card, namelists, and formatted data for trace

variables. For a restart run, it also involves reading a restart tape be-

fore being able to change variables through namelist input.

Overlay (2,0), program INIT, is the second primary overlay called by NOTRUMP.
It initializes certain input-dependent variab les. (See Section 9.) For a'

restart run, it initializes onl'y a subset of those variables initialized on
a non-restart run.

Overlays (3,0) and (4,0), programs PRINTIN and WRITIN, are the third and
fourth overlays called by NOTRUMP. They edit the input data in two dif ferent
ways.

Overlay (5,0), program TRAN$UT, is the fifth primary overlay called by
( NOTRUMP. It calls overlays (5,1) and (5,2), programs TRANSNT and PUTOUT.
\

TRANSNT contains the logic to calculate the transient for a given case
after the input has been processed by PUTIN and the initialization performed
by INIT. Figure 2-9 shows the TRANSNT logic involved in various major sub-
routines and PUTOUT. A brief description of each major subroutine and its
function follows. PUTOUT selectively prints =any of the variables of in-
terest (a detailed output description appears in Appendix D).

Fluid node calculations are performed in subroutines FLUID, DIST, and
STACK. Given a volume V, internal energy U, and mass M in each interior
fluid node, FLUID calculates all other thermodynamic fluid properties from
the equation of state. It also calculates all other fluid properties for

each boundary fluid node given a pressure P and specific enthalpy h. While

FLUID calculates thermodynamic equilibrium properties, subroutines DIST
and STACK determine the phase distributior, for stratified nodes. (See

Appendices H and N.)

2-23
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1

For each in-Metal node calculations are performed in subroutine METAL.
Forterior metal node, the mass times heat capacity, MC , is calculated.p

each boundary metal node, the metal temperature is calculated.

For each flowFlow link calculations are performed in subroutine FL@W.
This includes the liquid andlink, the flow composition is determined.

Thesteam mass flow rates, the void fraction and the specific volume.
friction, elevation, and momentum flux terms for the momentum equation

For each critical flow link, the total mass floware also calculated.
|

rate is calculated,
a

1 Metal node andHeat link calculations are performed in subroutine HEAT.

fluid node heat transfer resistances are calculated and combined to find
For each criticalthe energy flow Q for each non-critical heat link.

heat link, Q is calculated as a function of time only.

ThisController calculations are performed in subroutine C NTRL.
includes the calculation of the steam generator level.

(
Subroutine BEFORE is called before the time step selection process is begun.
It finishes calculations from the previous time step (e.g., calculating;

time integrals) and does whatever calculations can be done before the matrix
,

generation begins in SETUP.
1

Subroutine DELTSET is called after subroutine C NTRL. It performs severali

In addition, at everycalculations relating to time step size selection.
time step, a check is made as to whether a user-specified output or re-

If so, the timetime will occur within the determined time step.start

step size is adjusted so that the user-specified time is obtained exactly
The details of these calculations are given inwith this one time step.

Section 10.

Subroutine SETUP is called either directly af ter DELTSET or af ter DELTCUT,

'

k' (if the time step size has been modified). Here the matrix and source
The mathematicalvector for the matrix difference equation are generated.

cud calculational details are given in Appendix E and Section 8, respec-

:ively.
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If it is time to print, program PUTOUT is called after subroutine SETUP. The
reason for placing PUTOUT here is that it is immediately before subroutine
S0LVER. Therefore, all variables at the old time have been calculated.

If the current problem is at an end (i.e., the maximum time or number of time
steps has been reached), subroutine RESTART and program PUTOUT are called and
then control is returned to NOTRUMP for the processing of the next case.
Otherwise, subroutine SOLVER is called.

Subroutine SOLVER inverts the matrix equation representing Equation (2-27).
Either Caussian eliminstion or block elimination may be used for the inversion.
The mathematical and calculational details are given in Appendix E and Section

8 tespectively.

Subroutine DELTCUT is called directly after S0LVE. It performs several cal-

culations relating to time step size modifications. If the time step size

is to be increased, a check is made as to whether a user-specified output or
restart time will occur within the determined time step. If so, the time

step size is adjusted so that the user-specified time is obtained exactly
with this one time step. The details of these calculations are given in
Section 10.

If the time step size was changed in subroutine DELTCUT, control is
returned to subroutine SETUP to begin re-doing the matrix equation for
the new time step size. Otherwise, subroucine UPDATE is called.

Subroutine UPDATE updates the time step number, the time, and the differ-

ential equation vector (x f rom Equation (2-25)) to their new time values.
The dif ferential equation vector is simply obtained from the definition

,)of 3 "+ , i.e.,1

n+1 (2-28)n+1 , n+ ,

s

Next subroutine FLOWLIM is called. It limits the mass flow rate in flow
'

links if necessary and readjusts the appropriate nodal masses and energies
the details of these calculations are given in Appendices I, P, and

and Section 5.
/
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Subroutine AFTER is called after the time step selection and time advance has
It currently calculates Mach numbers for all flow links andbeen completed.

certain time integrals.

subroutine RESTART is called. ItIf it is time to write on the restart tape,

simply writes all variables necessary to restart the problem onto the restart
(See Appendix B for information on how to use the restart capability.)tape.

Program PUT UT is always called directly after RESTART in order to allow the
user to see the state of the problem at the time the restart was written.

Because of its
One iroortant fact should be noted about this call to PUTSUT.'

after SOLVE and UPDATE, some variables (those from S0LVE and UPDATE)placement
their new time values while others (those f rom FLUID throughare printed at

SETUP) are still at their old time values.

it calls RESTART andFinally, if the code has reached its CPU time limit,
Otherwise control is returned to subroutine FLUID toPUT$UT and terminates.

.

continue the problem.

(

,

(

,
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3.0 FLUID NODE CALCUI.ATIONS

In this section, a detailed description of the calculations performed
for fluid nodes is given. These calculations occur in subroutines
FLUID, DIST, and STACK.

|
Subroutine FLUID uses the assumption of thermodynamic equilibrium to I

obtain all the thermodynamic properties given two of them. For in-

terior fluid nodes, the two known properties are the specific volume
and the specific internal energy; for boundary fluid nodes they are
the pressure and the enchalpy.

Interior fluid nodes are described in Section 2.1.1. The fluid equation

of state is discussed in Section 2.1.10. For interior fluid node i,

(see Figure 2-1), we know, at a given time, the constant nodal volume,
V , the total internal energy, U , and the total mass, M . Using theg g

fluid equations of state, Equations (2-14) and (2-15), we see that
the pressure and temperature (and therefore all thermodynamic properties)

( are functions only of V , U , and M . The volume is constant , however,g g g

so that

P =P (U , M ) = w(U /M , V /M ), (3-1)

T =Tg (U , M ) = t (U /M , V /M ), (3-2)g g t

Appendices L and R describe how the " pressure search" is performed to ob-
'

tain P , T , and the other thermodynamic properties of regular and accumu-
lator interior fluid nodes, respectively. These other properties are
the specific volume,

V
v = ; (3-3)

x 3-1



the enthalpy,

+14 P v = (3-4)+ 0.18511 P yg g;h =

i i

(v )1, and (v ) g;the saturation properties, (T ) , (h ) f , (h ) f , fg g

the thermodynamic quality,

T

h - (h )1g g
X -

'
i (h )i - (h )ig f

for saturated fluid; the derivatives,

/ 3P ) [ 3T1) [3P ) [3T ) 3(T , )1g g

BU BM , and 3P ;
( 3Ug g g ,

(3M
'

, g

"i "i i i

')and the void fraction.

i(V )1X (~}~ *

1- X ) (v ) gi X (v )g + f fg g

The liquid mass and gas mass in interior fluid node i are obtained from

(M )1 (1 - X ) M (3-7)=
g f 1

and !
J

.- (3-8)(M ) g = X Mg 1

3-2



For regular interior fluid nodes, some special logic is employed in sub-
routine FLUID in an attempt to avoid the problem of " water packing". Water
packing refers to the pressure spike which may occur over a single time step
when an interior fluid nodes goes from a two-phase mixture to subcooled
liquid. The magnitude of such a pressure spike varies but is generally
larger for smaller nodes. Water packing is a problem common to all nodal
codes which "back out" nodal pressures from other thermodynamic properties.

Part of the problen is that derivatives at the old time are for two-
phase fluid and are quite different from the derivatives for the sub-
cooled liquid which exists at the new time. Even the implicit method

(see Section 2.2) uses the derivatives from the previous time to in-
tegrate to the next time. Therefore, the wrong derivative is used
over part of the time step. This may result in water packing.

.
.

a,c

(.

.

_

W

9

3-3
;
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| |
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a,C

'
_.

Until now, we have been discussing interior fluid nodes. Boundary

fluid nodes are described in Section 2.1.2. For boundary fluid node

1 (see Figure 2-2), we know, at a given time, the pressure, P , from g

Equation (2-3) and the enthalpy, h , from Equation (2-4). Appendix L
g

deectibes how the other properties are obtained, given the pressure
and enthalpy. These other properties are the temperature, T; the
specific volume, v ; the saturation properties, (T, ) (h ) (h ) f,,, g

1
for saturated fluid(v ) , and (v )f; the thermodynamic quality, X ,

)' 1g g 3 (T"# ; and the void fraction,(see Equation (3-5)); the derivative 37
I

a, (see Equation (3-6)).
f

Subroutine DIST determines the distribution of the phases in a fluid
node. An interior fluid node can be either homogeneous or stratified.
A boundary fluid node can only be homogeneous.

For a non-accumulator fluid node i which is homogeneous or which belongs }
to a stack but does not contain the atack's m!xture elevation, the mix-
ture quantities are set to the total nodal quantities; i.e.,

mix)1 " V ' (3-9)
1

gb)1 = (M )i, (3-10)
g

mix)1 = (E ) (3-11),
g9

(3-12)((1x)1 =X,1

(3-13)(amh}i ""i,
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and

(3-14)
(v )1 *V 1-

For a saturated stratified non-accumulator fluid node 1. the bubble
At a given time t"+

rise model described in Appendix 11 is used.
,

inte-
the mass of steam bubbles in the mixture is obtained'by explicit

gration; i.e.,

(3-15)
' (Mg )g = (Mgb}i ("gb}i + 0E ( gb}i*

where(if ) is given by Equation (11-16). The other mixture quantities

are obtained as follows: .

("gb) 1 (3-16)
bix}i (M ) + (M )~ .

g

(bix)i("g)1 (3-17)
(" mix)1 ( ) (v ) + (1-( ) )(v )~ ,g

(

(3-la)
+ (M ) g(v ) g(M )f(v )(V ) .

g g=

If node i is a constant area interior fluid node, then
, , ,

(V )

top)1 ~ bot)1
*

bot i"

mix i

is a variable area interior fluid node, thenIf it
.

g (W,1x)iN) (3-M .1)F
cop)1 bot}i

.

1+bot i ~
"

mix i

is a user-supplied external representing the mixture levelF (W !
f mix i i (This is, of

fraction as a function of the mixture volume fraction.
course. simply (V ,1,)1/V for constant area nodes.1

\
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IYmix)1
mix)1 " (M y + (3 )

# (3-20)*

f

For a subcooled stratified interior fluid node 1,

( gb)1 0* (3-21)=

(X,fx)g 0' (3-22)'=

I' mix)i 0, (3_33)=

(Vg) y, (3-24)=

(Emix)1 (Etop)i, (3-25)=

and

'

(" mix) 1 i
*V (3-26)*

For a superheated stratified interior fluid node 1, .

I"gb)1 = 0, (3-27) 3
)

I% mix)i =1 (3-28)

{ mix)1- " I' (3-29)

(3-30)(Veix)1 = 0,

(Eg) = (E ) (3-31),39

and

(v 1) =v (3-32)-

For an accumulator interior fluid node i,
|

'

(3-33)(Mg3)1 = (M )1 ,

g

'

(3-34)(X,1x)11 =x
1 ,

I

!

(3-35)(angx)t t
=a ,

3-6
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s

,-

(3-36)
(v ) =v ,j,

(3-37)'

(vg)1(V ) =M - .

g

Either Equation (3-19) or (3-19.1) is used to calculate (Eg).

For a boundary fluid node 1,

(3~38)
(Eg) = (Etop)i'

(3~39)
(X,1 )1 =X,

f

(3-40)
(a,gx) 1 =a,

f

.

and

(3-41)'

(vg) =v .

Subroutine STACK, which is called only if the stacking option is being
used, performs the calculations involved in tracking,a single mixture

Thelevel within each vertical stack of regular interior fluid nodes.
node stacking and sixt.ure level tracking model is described in detail in

Appendix N.
O
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4.0 METAL NODE CALCULATIONS
1

l

In this section, a detailed description is given of the calculations
performed for metal nodes. These calculatiens are done in subroutine

|
METAL.

For each interior metal node i, the mass times the heat capacity,

(MC )f, is calculated as

* C * * (T ) . (4-1)(MC )g = My gp
i

The function C etal(T ) is specified as a user-supplied external.
f

i

For each boundary metal node 1, except those used to model the 12-1

primary water heaters, the metal node temperature is calculated as

T = T** '*1 ( t ) . (4-2)
g

The function T * "l(t) is specified as a user-supplied external.

For each boundary metal node i used to =odel the primary water
heaters, the metal node temperature is calculated as

T =A"+B"P =A +B yK+2I+J+14 ('~3)
g j

The index j refers one of the five primary water heater boundary metal
is the primary water heater gasnodes which can be used. P or yK+21+J+14

control setting, (see Appendix K).

k

k
f
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5.0 FLOW LINK CALCULATIONS

In this section, a detailed description of the calculations performed for
flow links is given. These calculations are done in subroutine FLOW.

For flow link k, the u;. stream fluid node, i = u(k), and the downstream'

fluid node, j = d(k), are found. These are based only on the defined
flow link direction.

The upstream and downstream pressures for flow link k are determined next.
If flow link k is a horizontal stratified non-critical flow link, then

they are given by Equations (0-13) - (0-18). If flow link k is a point

contact flow link, then

(P ) =[P(0)] (5-1)

e

c:.d

(5-2)
(P }k (0)]j=-

d

where

(E ) -max [(Ef)f,(E) + R]
2

i + 144 g maxl(v )i, y j
"

i c, g (5-3)

(E )k + R] - [(E ) + R]~max [(Eg) ,

(#mix i
_

and

(E ) - max [(Eg) (E' , dk8"
j j 144 g maxl(v ) ,vj

(5-4)~

max [(Eg) (E ~ (dk+, dk+
- (v )

If flow link k is a continuous contact flow link with radius R, then

5-1



_ _ _ _ _ _ _ _ _ _ _ _ _ _

< _

.- R - (y I
uk g uk

(P )k P(R)3 + 144 max L(v )g, v j + 144 g (vdx} i;
-

g E e g i
.

.-

(y
uk

d A(y).

-R

IYukq r

|*! y d A(y)g 1
,

144 gc (# mix}ij
-R (5-5)

R
.

R R d A(y)[P(R)3 + 144 g max L(v )1s
,

+ v d,1 ig

(y )k
3

~

*(ydA(y)|.

1g
-

144 g max L(v )is v3
t , j(y )k*

J
9

and
,(y )

R - (y (dk ~ .fdk g d A(y)g
[P(R)]) + 144 g max [(v )j, v j ,144 g (v,g)),j

-

(P )k 2
*

d jwR -R
'

.

e (Ydk~

g 1 .I y d A(y)_

,144 g (vg)),J
-R (5-6)

,

I
.

R ',g d A(y)[P(R)]3 + 144 g max L(v )), v 3 4

,

+
3

(y,

dk

.4
I

. fydA(y)E 1 *

- 144 g 8 j' 3 dc
(y '

dk

5-2 -
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|

U

where

(y,)k = min (max ((E,f ,)g - (E ) , - R) , R) (5-7)

and
J

- (E }k, - ) , R) (5-8)
(yd)k - min ( ax((E,1 ) d

The integrals are evaluated using Equations (0-5) and (0-6).-

The upstream and downstream void fractions in flov link k are determined
Each void fraction is determined from the mixture void fraction andnext.

' mixture ' elevation of the appropriate fluid node at the location'of contact
between the link and the node. This is given by Equation (F-1) for the
point contact flow link model and Equations (F-2) (E-7) for the continuous

i

contact model.-

1

If flow link k is a horizontal stratified non-critical flow link, then the
flow area, equivalent diameter, inertial length, and interfacial shear term
are calculated as described in Appendix 0. These quantities are re- -

calculated every time step.

i -If flow link k is a user-specified time .. pressure and enthalpy-dependent.
!
1
' critical flow link, then

W =W (t, (P )k, (P }k' i' jd

(5-10)3 W ** u k' d k' i' j)k " 3(p )k k| 3p
i u

? 3W (5-11)
u k' ( d k' i' j)W

" 3(p )k 'k3p
dj -,

SW (5-12)-k 3,

u k' ( d k' i' j~
'

2h Bh k
i i

i

5-3
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0N
(5-13)k .3

* ( u k' d k' i' j)~

Bh Bh k
J j

If flow link k is a pseudo-steady state critical flow link, then

~|(P)k -.(Pdk k (5-14)
|W ~1 Ck k

,

j

3W
1 k (5-15)k"Y - (P )k + Dk(P )k3P dg

.

3W w
k 1 k

3P "~Y (P ) - (Pdk+ k

- (P }k + k*where the sign in Equation (5-14) is equal to the sign of (P )k d

If W is identically zero the derivatives are set to zero.

Special logic is used if flow link k is part of one of the mechanical models.
If flow link k represents the swirl vane outlet, swirl vane drain, or Peer-
less separator drain, then one of the models described in Appendix J is
used to modify the upstream and downstream void fraction.

First the massThe composition of flow in flev link k is determined next. ,,

flux, G , is calculated from
k

k (5-17)
G =1 .

such that a positive value for G eansThe appropriate sign is given to Gk k
For horizontalupwards flow and a negative value means downvards flow.

flow, the sign does not matter. Next, the void fraction calculations at
each end of flow link k may be overridden depending on the flow composition

(See the description of the input array KTFL in Appendix B.) The
type.

drift flux model as described in Appendix G is then used to obtain (W ) ,g .

( )k from Equations (G-30), (G-31), (G-36), and (G-37).(W )k, (hW)k and
3W

The average void fraction in flow link k, a , is given by one of the two ap-
(v )k andproaches described in Appendix G. The average specific volumes, g

,

5-4
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(Er )k, are also obtained f rom the drif t flux model. The specific volume in
flow link k is then given by

1 (5-18)v =
k a /(G )k * (1 - "k)/(U Ifk

and the static quality by_

a
k(=a (5-19)/g)k ( f)kk + (l ~ "k) (U

Finally, the flow quality for flow link k is given by

f (W )ka (5-20)v -
"k (W )k + (w }kf g

flowandissetto(forcounter-currentflow. This con- .for co-current

cludes the calculation of flow composition.

If flow link k is a critical flow link using one of various break models,
3w 3wk, 3wk, 3Nbthen W ' (w )k' (w )k, (hW)k' a(hW)k, g h v bk f g p

aW BP aP ah ah)k g 1

3(hW)k, a(hW) a(hW)k, and 3(hW)k are calculated as described in Appendix M.,

ah)
BP BP ahg

'

Note that these break models can predict either choked or unchoked flow con-

dicions.

I

| If the momentum flux option is on, certain momentum flux calculations

are performed for flow link k. First, p),is calculated from Equation-
(I-15). Next, the sonic velocity, c , is calculated using Equation (I-6)
for subcooled or superheated fluid or Equation (I-7) for saturated+

(
fluid. A and A are calculated from Equations (I-16) and (I-17),js jt

respectively. M , is calculated from Equation (I-4). The maximu=j

allowable value of M (Mj s) max, is calculated as follows. For aj s'
contraction (i.e., A ,> Ajg), the maximum allowable value of Mg isj,

\- known to be

5-5
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(M ) = min (g/A , 1). (5-21)

Using Equation (5-21) for M in Equation (1-3), we obtain (M),) For.

an expansion (i.e. , A , < A ), we have
_

(M ) = min (A /A , 1). (5-22)k

Once (M ) has been calculated, it is used to obtain

|Wk max " # j s js kA INjs) max (5-23)

Finally, Equations (I-2) and (I-3) are solved simultaneously for o and

M and Equations (I-18) and (I-19) are used to obtain (p g)k and (p j2)k'

The flow link momentum fluxes and derivatives are calculated next. For

single phase flow or a non-drift flux flow link, we have
2

W ,)(5-24)[pV ] y = 2,
(p)1)k(^1 k

~

IpV ]k (5-25)2 k
,

,Nk (py y)k(^1)k

2W
k (5-26)Ip V ] =

2,
(pj 2) K(^j )k

and
,

J

2W
2 k0 [pV )k (5-27),

.

3W j2 (p 2)k(A )k

..

5-6 ,
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For a two phase (0 < a < 1) drift flux flow link, we havek

i

2~~

v (W )k.v (W )k f f (5-28)2k -l g g ,

g y )dl
(A ) - "k 1"k .,

1

1-ak(C )k
~

O

(C )k(N )k + 1 - "k I
O g (5-29)3 2k 2 ,

IDYIBW ji gCg 1 - gg"

V V .

i g f.

,

22 -

"v (W )k f (g )k -fg (5-30)2 1[py )k _

g
l

, ,,

1 - "k3
(A))

. k4 ;

and

1-o (C )k
~

*
p O

( f)k(C )g(W }k + 1-"kg ga 2k 2

o (C )k 1" k(C )k3W Ul 2 k O O
( (Aj)k ,

k +
,

v v .

g g.

.

for the momentum equation for non-critical or pseudo-steadyThe term D
If flowstate critical flow link k, Equation (2-8), is calculated next.

link k is not the flow link which represents the Peerless separator drains,

then
.

(E ) - (E }kdR .

D =
144 g y

c k

If flow link k represents the Peerless separator drains, then

(E ) - (E )kdg ,

( D ~

k 144 g 1 - VFCPSD
?

- (5-33).

max (o , VFCPSD) 1 - max (a , VFCPSD)
,

(Vf) g
''

(v )g
.

e

5-7
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-
-

a,c

,

-

If swirl vane model 1 is used, then Equation (J-21) is added to D . .If
swirl vane model 2 is used and the inlet, outlet and drain flows are posi-
tive, then Equation (J-3) is added to D .

,

The frictional terms for non-critical or pseudo-steady state critical flow
link k are calculated next and are accumulated in the C term of Equation

(2-8). These frictional terms' consist of both those calculated from user-
supplied loss factors (fl/D's) and those calculated from correlations. )

The input frictional terms are accumt. lated first in C . User-suppliedk
loss factors, (fL/D) and (fL/D),, represent pointwise losses and average
losses along.a length. Point value tactors.are typically used for losses
which occur over short lengths (such as tube support losses); average
value f actors are used for losses occurring over an entire region (such

as skin friction).

If X is zero or ane, we have single phase flow and the contribution
to C is calculated fromk

+ 14 gC
*"

k k A
-

p a
k

If 0 < Xf < 1, we have two phase flow. Then,
k

-
-

-

aCc

-
- ,

5-8

|

..



. _ . .-. . . . - - -. -.

_

.-

a.C1

J

,

|

_

_

the internally calculated frictional terms are accumulated in C *kNext,

The calculations performed depend on the internally-calculated friction

loss model.

For internally-calculated friction loss models 1 (TRANFL -type regular con-
nector) and 2 (TRANFL -type tube bundle cross ' flow), we have

C" 1 l l- . ( *f f}k 0.316 k (5-36)

C"k
- -

(Re )0.25 (D,)k -=C +
k 144g 2

kc

(

and
, _

a,C'

-

( -

respectively, where-

k

.
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r

f m

v ,0la < 0.01
k

(1-xf)l.75 , 0.01 1 a < 0.61
("f) donor (k) (1-a )1.42 ',k

k J

0.48 (1-xf)l.75 (5-38), 0.61 < ak < 0.90("eff)k " ("f) donor (k)
k)2.20(1-a

1.73 (1-Xf)l . 75 , 0.90 1 a < 0.95
("f}denor(k) k

k)1.64(1-a

(
X + (1-X,) *

(v ) donor (k)
(

- 1/2,2

("f)denor(k) \
0.95 < a 1 0.99k,

(yg) donor (k) j
- - / _ s

0.99 < a 1 1* ~ky ,

k
and

f

|Wk|(D,)k
,01o 1 0.99kA, u g

j
(D )k (5-39)Re. =

^ "k c 0.99 < ay1<
,

A, u
et g

)

These equations are f rom Reference 4

For friction model 3 (flow inside of tubes)
.

)
If 01 a, < 1,

/
5-10
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_

a,c

,

_

where

|W | (D )k , (5-41)k i/

Re =

k A uy g

If a ~l
k

_ . ,

-

a,C

_,

_

/
t

where

lk (D )k * (5-43)1 -
Re =

k A uk g

,

For friction =odel 4 (parallel flow along the outside of tubes),
1,

If 9 <- 2, < 1,
4

\
_

_

a,C

l
s

e

M
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._
-

-s
3.c

_
-

where Re is given by the lower part of Equation (5-39).
k

'N

For friction model 5 and 8 (cross flow on the outside of tubes)

If 0 < a, < 1,
.

S__
-

a,c

'N
)

_J

_ emmum

.

5-12
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a,c

.

-

friction nodel 6 (cross flow in the U-bend region)For

If 0 < a < +-
- k

_

.

a,C

\
k

-

B1
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aC

s

T

-

._-.

The final frictional terms to be accumulated in C are the loss terms
for the feedwater valve and the throttle valve. If the feedwater valve
is in flow link k, then

V
old k (60)(7.4805)

(new
*

C + (5-57)=
k 62.4 FW FW

C FVP) --V
If the throttle valve is in flow link k, then

V
new old k (60X7.4805) ,

G =C + (5-58)~
.

- C pTV)
-

k k 62.4 TV
V VP

The feedwater valve coefficient, C , and the throttle valve coefficient,
1!

C [ gal-in/ min-lbf J, are functions of th'e feed valve position, Fyp,
and the throttle valve position, F [% valve lift), respectively. Both

(Fyp) are user-supplied functions. This concludes theC (Fy ) and Cy
calculation of frictional terms.

The next calculations performed in subroutine FLdW use previously calcu-

. lated quan..ities to calculate the following momentum flux teres and ,

derivatives for the momentum equation of each non-critical flow link k:

.

k 2 2
(1-f)) [pV }kp + e I(Aj2)k ~ (OR)k] (5-59)

1
(CMF) =

ky

-

- (1-ff)[pV ] ,

.

,

'tF 3

MF)k' (5 #/>)(C(D'k )k 3W
*

kk
5-14
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if pc T", (5-61)p .

f [pV ]3 144 g-

(CMF) ,

2 1 W
k fpV }p

144 8[
if pc I ,*

'
f f*

p p

(5-62)
MF)k

3
(DMF) (C=

g p

[pV2)q if qc T,

f . 44 g

) (5-63)
KF)k }(C =

1 W
2 if 9C Iok [P V }4

*

f t
q )1 144 g*

(
.

and

(5-64)
(D" )k (C )" .

3

.

These quantities are used in subroutine SETUP for the inclusion of momentum
.

The derivatives are used when the non-critical flow links areflux.

treated implicitly.
(

The last calculations performed in subroutine FLOW calculate the pressure
difference across each ficw link to which the reactor coolant pump model

For pump type m with pump homologous curve type n and pointis applied.

of application (flow link) k. certain calculations are done in preparation
User externals REVPUMP and CSTPUMP arefor calling the pump module.

respectively, if reverse speed is currently allowedcalled to determine,
If the pump is not currentlyand if the pump is currently coasting.

coasting, user external RPMPUMP is called to determine the pump speed.
5-15
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Next the pressure and enthalpy at the "in-flow" end of the pump are deter-
mined. Next the pump module is called. It returns the "out-flow" end
pressure and, if there is critical flow in the pump, the maximum allowable
mass flow rate for flow link k. Finally, the term D in the momentum

equation for non-critical flow link '' is modified by adding the pressure
difference across the pump.

(5-65)
=D + (Pin-flow)m - (Pout-flow)mD"k

*"
k -

where the sign is dependent on flow direction. T

.

I

s

s

.

..

)
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6.0 HEAT LINK CALCUIATIONS

a

In this section, a detailed description of the calculations performed
!

for heat'11nks is given. These calculations are done in subroutine

HEAT.'

A.non-critical heat link always connects a metal and a fluid node.' The
'

first calculation done for non-critical heat link n is to see if the'

link has an upstream metal node and a downstream fluid node or if'it
has an upstream fluid node and a downstream metal node. A sign con-

,

vention is established such hat the rest of the calculations are done
assuming the former. . Appropriate signs are then changed at the end of

;' 'the calculations if this is not the case,
f
,

&

If heat link n is a non-critical heat link with internally-calculated

j heat transfar, then the metal node heat transfer resistance is calculated
For non-critical-heat link type 1, i.e., heat transfer resistance

i next.
t

is given by

i D in (D /D )
~

: *R,

2k(T,) U, -
=' m

;

. .

For heat link type 2 or 3, i.e., heat transfer between fluid and the

outer part of a tube, we have

D, in (D /D ,) y (6-2)
2k(T ) {{- '

=R =

m m

The metal surface resistance is
.

' '

R ,= max (R" y, 10_10) .(6-3)
g;

where R , y is a user-specified fouling factor.

.

6-1
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The metal node to metal surface resistance is

R =R +R (6-4).

rw m v

Next, the fluid node heat transfer resistance is calculated. This cal-
culation is core cocplex than that for the metal node because the heat
transfer cechanisms are dependent on heat transfer regiee.

Many of the heat transfer correlations depend on the fluid velocity,
flow quality, Keynolds number, and perhaps other flow dependent quan-

\

tities. A heat link connects with a fluid node, which has no flow rate
associated with it. It is therefore necessary to define flow quantities

for use in the heat transfer correlations. The following quantities are

defined for heat link n:
.._

__

a,C

.)<

.

O

-
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)
a,C

_..

The process of determining the heat transfer regime is now begun. If the
fluid is subcooled, then we first check for possible subcooled natural or
forced convection. The heat transfer correlation used for natural con-
vection is the McAdams correlation ,

Nu = 0.13 (Gr Pr) ! (6-10),

where

SNC (6-11),

Nu = k(P , T )
g g

|g|8((T )" - T ) L" '

Gr =
v (P , T ) u (P , T )

g g g g

and

C (P , T ) p (P , T )
g g g g

Pr = (6-12)
( p )

L is a characteristic vertical length. S is the coefficient of volumetric

expansion.

Defining

g ma (8, 0)

(P , T )} u(P , T )
(6-13),

Gr* =

g g g g

the heat flux for natural convectica is given by

( f' f ( r* r (T -T) (6-14)~g g*

SNC

\
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We assume that this heat flux is equal to the heat flux from the center

of the tube to the tube wall, i.e.,

-T ) (6-15)E ~
SNC R m

Using Equations (6-14) and (6-15) and defining

SNC)n - T(T
f (6-16)wy, ,

- T, - Tg
_

Esobe for _. [[ is the largest real root ofwe can eliminate g an
SNC

_

.

a,c

''
i

-)

__.-

We next calculate the vall temperature for subcooled forced convection.

It is givsn by

f(f! f}!

SFC)n ~
m mw (6-21)(T 1/R + 1/(R /C )y

f

where

(D )n 1e
R 0 (6-22)=

g 0.8
k(P , T ) (0.023 Re Pr .4)g g
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for non-critical heat link types 1 and 2, i.e., parallel flow along the

inside or outside of a tube, and
~

' --

-

a,c

!

!

-.

""'

f
' for non-critical heat link type 3, i.e;, crossflow across the outside of

.

I a tube. T,and Tg are the metal node and fluid node temperatures, respec-

tively, for heat link n. C is a user-supplied heat transfer resistance
g

correction factor. It is often used to account for the effect of baffle
leakage on heat transfer.in a steam generator preheater. region (see

! - References 6). The Reynolds number is calculated using

" *" (6-24)Re = .

(I) u(P ,T ).g g

---- .

a,C

i

*
,

4

1

> ,

""'
'

We compare the wall temperature assuming natural convection, (TSNC) , and
-

y.

the wall temperature assuming forced convection, (TwSFC) ,, to determine the
wall temperature for convection,-(T ). If|(T)SFC - T |<|(T ) -T|,

g g

then (Tw )n = (T ) ..otherwise (TSNC)n,w w

The wall temperature, (T ) , is compared to the saturation temperature of

; the fluid, T,,g. If (TSC) < T,, , then the heat transfer regime is sub-'

cooled convection. If not, we next check for possible subcooled boiling.
I
a-
s

6-5
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The heat flux for subcooled nucleate boiling is given either by the Thom

correlation [8]

2~

P/630 ( w d~ sat
SNB (6-27)AKT

~ *9 ,

SNB 3600

or by the Jens-Lottes correlation [9]

AKJL~
P/225((T g-T

SNB (~ )~ e9 *

5NB 3600 y sat

We assume that this heat flux is equal to the heat flux from the center of
Nthe tube to the tube wall, i.e.,

93g3 " R ( m -( TSNB)
1 ~

*y n
tw

Using Equation (6-29) and either Equation (6-27) or (6-28) and defining

(T SNB)- T
n sat (6-30)y,w .

- T, - T .

sat

5we can eliminate q an sobe for _.SNB
~

.

a,C

!
:

i

!

|

_

| _
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aC""
e

<

,

.

( We now compare the wall temperature assuming.subcooled convection and

the wall temperature assuming subcooled nucleate boiling. If[ ] -a,c

If not,

[ .]then the heat transfer regime is subcooled convection.
~

a,c

we have subcooled nucleate boiling unless the resulting heat flux, (qSNB)'

is greater than the critical heat flux. .

The subcooled boiling critical heat flux is calculated using the MacBeth

correlation [4]:

1.7583 (h -h ) 0.51
90,000]. (6-39)(3600 -- )8 f

3600'

(9 erit)n "
8*

6A0.1 10 n
-

(D )ne

ythen the heat transfer regime is subcooled a,cIf { we must-check for possible subcooled transi-nucleate boiling. If not,
tion boiling or subcooled film boiling.

:
,

6-7
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We next calculate the wall temperature assuming subcooled transition
for subcooled transition boiling,boiling. The heat transfer coefficient

i

STB, is calculated using the Westinghouse transition boiling correlat onU
4I Then the wall temperature is calculated

(function HTB in the code).
using

T /R +T~U
mw f STB . (6-40)

_(TSU)n = m1/R +Uw STB

) , however, so an iterative procedure must bedepends on (TU

We simply iterate between function HTB and Equation (6-40) forSTB
used.

The initial guess for (T ) is simply the average,

up to ten iterations.
The heat flux assuming subcooled transition boiling is"

of T and T .g
calculated using

1 (6-41)
(qSTB)n [T - (T )n}.=

R m v

We next calculate the wall temperature assuming subcooled film boiling.
The heat transfer coefficient for subcooled film boiling is calculated
using the Sandberg correlation [4I, ')

)

k/P , (T ) )
* #

U ~ ##* *

SFB
e)n (6-42)

X ( ) 36b.0|

g
i

We approximate (T B) in Equation (6-42) as the maximum between T,,g'

The wall temperature is obtained-usingand the average of T and T .
f

.

m tw f SFB ;-
SFB)" ,(T

,

" 1/R +U
mv SFB

The heat flux assuming subcooled film boiling is calculated using
-

(6-44)-
(,S,,>,=,;iT-(TP),3i

;
i .

6-8'
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If [ ]then the heat transfer. regime is subcooled
l

'

transition boiling; if not, it is subcooled film boiling. This con-
cludes the process of determining the heat transfer regime for subcooled

fluid.

If the fluid is saturated, we first calculate heat transfer between the/

metal node and the saturated mixture in the fluid nodA. If the metal
node temperature is less than the fluid temperature and the condensation
option is on for the mixture, we assume that the heat transfer regime is
saturated condensation. If not, we check for possible saturated natural/

or forced convection if the mixture void fraction is less than or equal
to VFCFCV. The wall temperature for saturated convection,, (T ) , is
found in exactly the same way as for subcooled convection, i.e., from

Equations (6-10) through (6-26) .

_

, then the h' eat transfer regime is saturated convection.If (T ) <T

If not, we check for possible saturated boiling.

The metal vall
( We now check for possible saturated nucleate boiling.

temperature assuming saturated nucleate boiling is obtained using Equations
The heat flux is then calculated using Equation (6-29).(6-31) - (6-38) .

We now compare the wall temperature assum'ing saturated convection and the
If [ ] a,c-

wall temperature assuming saturated nucleate boiling.
then the heat transfer regime is saturated convection. If not, we have
saturated boiling but we must check further to see what type of boiling.

,

The saturatedThe saturated nucleate boiling regime is checked next.
flux is calculated using the MacBeth correlation [4]:.

,
boiling critical heat(

1.7583 (h -h) 3600 [(W ) + (W ) ]
( *

i (qcrit n " " (D )0. 106A-

e n

-(6-45)
-

90,000
(1 - (X ,fx) fluid (n))' *

3600

i 6-9
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| a ,C ' If [ ,)then the heat transfer regime is saturated
If not, we must check for possible saturated transi--

~

nucleate boiling.'

tion boiling or saturated film boiling.

We next calculate the wall temperature assuming saturated transition
The procedure used for subcooled transition boiling is alsoboiling. '

The wall temperature is given by Equation (6-40) and theused here. We
heat flux assuming saturated transition boiling by Equation- (6-41) . -

=

next calculate the wall temperature assuming saturated film boiling.
for saturated film boiling is calculated

The heat transfer coefficient '

using the correlation'of Dougall and Rohsanow ,

((W )" vf + (W )" v ](D )")0.8k(P .T ) g R R *
f fU ., a max i 0.023 (

v Ay (P )c ,

-(D,) f
'"

,

(C )g (P ) p (P ) 0.4f) 2.0p f g
- - -

I( k (P ) '3600.0
g f

and the heat flux -

The wall temperature is given by Equation (6-43)
d

assuuing saturated film boiling by Equation (6-44). If[ ]
a.C

]then the heat transfer regime is saturated transition boiling;a,C ['
if not, it is saturated film boiling.

*

If the void fraction in the saturated fluid is greater than VFCFCV, we
The heat transfercheck for possible forced convection vaporization.

coefficient for forced convection vaporization is calculated using the
correlation of Schrock and Grossman '3,I

*

10 ,)2.5/R 10u. W 3

UFCV " max I
crix) fluid (n))0.9) ' ( 0" )

p 0.1 v 0. 5 1 - (X
[( ) ( ) (

( mix fluid (n)8:,

,

The metal wall temperature assuming forced convection vaporization is

then calculated using
{.

|

! 6-10
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m Jyf + *'f U

FCV)n , T /? FCV (6-48)(Tw lih +U
y FCV

and the heat flux using

(9FCV)n " ~ I I (6-49)*

m n
mv

The sar.urated boiling critical heat flux is calculated using the MacEeth
correlation, Equatien (6-45). If [ ]thentheheat a,c

transfer regime is Forced convection vaporization. If nJt, we return

to the logic for chnosing between saturatd transition boiling and
saturated film boiling. This concludes the proc'ess of determining the
heat transfer regiee for saturated mixWc.

If the fluid is superheated, we first check to see if the metal node
temperature is less than the saturation temperature and the condensation
option.is on. If so, we check for possible superheated condensation.
The wall temperature for superheated condensation is given by

T U +T U
" " f SC (6-50)(T ) =

wn U - L,SC '

(T,)' 4 T then
where USC("' "' m' f) is a user-supplied function. If sat

the heat transfer regima is superheated condensation. If net, we check for
possible superheated natural or forced convection. The wall temperature
for superheated natural convection. (T C) , is found in the san.$} way as
for subcooled natural convection, i.e. , from Equations (6-10) through
(6-20). The wall te=perature for superheated forced convection, (*WSFC) ,

n
is calculated from

'
'

U + "*' f USFC)n ,T
'

SFCm ew (6-5D
U +Uw

SFC

where the heat transfer coefficient for superheated forced convection is
calculated using the correlation of Heineman ,

0.0133 Re Pr * , 10-10] (6-52)= max [ (p )
*

U
SFC

en

6-1)
,

.a

,
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If |(T " ) - T b|(T ) - T , then the heat transfer regime is super-

3
g g

heated natural convection. If not, the heat transfer regime is superheated -

forced convection. This concludes the process of determining the heat

transfer regice for superheated fluid.

Knowing the heat transfer regime for a non-critical heat link, we now
complete the calculations. It was stated earlier that a sign convention

was established so that the calculations could be done assuming an up-

stream metal node and a downstream fluid node. In the following equa-

tions, the "i" is used to account for the actual defined heat link
direction.

For the subcooled saturated or superheated natural convection heat trans-

fer regimes we have

Q *1A ( )n ~ f|' (6-53),n n

if (T C) >T,
g

Q =+A * CK * |(T )n - T | ! (6-54)n n v f

SNC)nif (T T,
fw

!

SNC
On,# 4_ g CK * |(T )n - T |

" " ' ~
. *

f BT,3T, -3 n w

i

3Q 3Qn,, n (6-56),

BT BT,g

and

BQ" =0 (6-57)
aP g )

s

where CK is given by Equation s'6-19) and where, from Equation (6-20),
i

|

6-12
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3(T ), _

(6-58)y .x
BT -

.

m

For the subcooled or saturated forced convection heat transfer regimes,

we have

(6-59)
o f (T -T),Q =+A U

m fn - n

3U
3Q" "' (T - T )], (6-60)
BT, - n [Uevf + BT=+A

m

3Q BU
"

(T - T )], (6-61)"1A I~Umf+ BT g
-

BT n
f f

and
SQ BU

=1A [3 (T -T)] (6-62)g
f f

where
.

(0-0 }( U,yg = R R + R /C
~ *

g g g

2 ak(T )"f . UBU
SWf 1 m (6-64).

'

BT, U k(T ,) BT

BU
=0, (6-65)

f

and
? .

BU"I = 0. (6-66)
3

f

For the subcooled or saturated nucleate boiling heat transfer regimes,

we have for the Thom correlation,
.

Q =+A CK - [(T )n - T (P )) , (6-67)
n - n w sat f

6-13
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3(T )
3Q" = + A 2 CK a [(T ) -T ( "O*
BT sat f BT
m m

3Q"
0, (6-69)=

BT
f

and

"
=1A CK - [(T ) - T, (P )]g

f

- ([(T ) - T,,g(P )]/630 - 2 f} (6-70)
sat

g 3p
f

where CK is given by Equation (6-33) or for the Jens-Lottes correlation,

(T )n ~ sat ( f
~

Q A= - -
'n n

3Q 3 3(T )" ,n " (6-72)4A * CK - [(T ) -Tsn (P )] -=
BT g

..

as = 0 (6-73)
3T

f

A CK * [(T ) - T, (P )] (6-74)*=
g3p

3T8** (P )f)*{[(T ) -T (P )]/225 - 4g 3p
f

where CK is given by Equation (6-37) and where, from Equation (6-38),

3(T )"
3{ =[ (6-75).

.
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For forced convection vaporization, we use Equations (6-59) - (6-62)

and (6-64) - (6-66) where

1 1
(6-76)mwf " R "R + 1/Uyf FW

For subcooled or saturated transition boiling, we use Equations (6-59) -

(6-62) and (6-64) - (6-66)

where

(6-77)U = ~
g R R + /U

mwf mv STB

For subcooled or saturated film boiling, we use Equations (6-59) - (6-62)

and (6-64) - (6-66) where

1 1 .

(6-78)U ,g = R "R + 1/U
mwf mv SFB

For superheated forced convection, we use Equations (6-59) - (6-62) and

(6-64) - (6-66) where

1 1 (6-79).

U = =

mwf R R + 1/U
f SFC

For saturated or superheated condensation, we use Equations (6-59) - (6-62)

and (6-64) - (6-66) where

1 1

mwf " R ,g "R + 1/U
SC

I

m' f) is a user-supplied function.where USC "' '

I

If heac link n is a non-critical heat link with a user-supplied overall

heat transfer coefficient, then we have

k- (6-81)Qn"IA (m- f) ,

n n

6-15
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3Q

=1A *U (6-82)eBT n-
m

BQ" " BT
BQ

(6-83),

aT
f m

,

and

3Q" =0 (6-84).3p
f

S

If heat link n is a non-critical heat link with a user-supplied overall

heat transfer coefficient which is modified by mixture height, then we
have

mix fluid (n) ( bot fluid (n)
~

.=+A .U G*-T)
'

( top fluid (n) ( bot fluid (n)
,

" I" ~ " ~

(6-85)

0 ~

mix fluid (n) bot fluid (n) . "}n .

"1A (~37 n (Etop) fluid (n) - (Ebot) fluid (n) n ./m

"
(6-87)=-

f m

and

| 30"
| =0 (6-88).

3p
fi )

If non-critical heat link n has an upstream metal node and a downstream

fluid node, we have

..

3Qn n~
|

BT (n) aT (6-89)=

u m

, 6-16 /
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(6-90)
BQ" =0,
3Pu(n)

3Q DQ (6-91)
-= ,

3T (n) fd

and

30 (6-92)
SQ" =g.
3p (n) fd

,

link n has an upstream fluid node and a downstream
If non-critical heat
rectal node, we have

(6-93)
DQ" DQ" ,"- g
3.g (n) fu

"

SQ 0 (6-94)
n,n

" 3p3p
u(n) f

C (6-95)
=!9"

,

#
'd(n) m

and
(6-96)

- = 0.

d(n)
link with internally-calculated

If heat link n is a non-critical heat link is satura-

transfer and the fluid node associated with this heat d
transfer to the separated vapor space in the fluid no e

heat

ted, then the heat h\

must still be calculated and combined with the heat transfer to t e
If the metal node temperature is less than the fluid

saturated mixture. h r space, we
temperature and the condensation option is on for t e vapo If not,

assume that the heat transfer regime is saturated condensatien.zero heat
we check for possible natural or forced convection or assume

For these calculations, the' average vapor mass flow rate istransfer.
defined as

6-17
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The wall temperature for saturated vapor natural convection, (T ) , is
found in the same way as for subcooled natural convection, i.e., from

Equations (6-10) through (6-21) except that all thermodynamic and trans-
port properties are those of saturated vapor. The w il temperature for
satursted vapor forced convection is given by

" * (6-98)(T ) =

m fi

where the heat transfer coefficient for saturated vapor forced convection,
e pare the wall tempera-

U s ca c ae us 8 un n -

SFC,
ture assuming natural convection, (TSNC) , and the wall temperature
assuming forced convection, (TSFC) , to determine the wall temperaturey C
for convection, (T ) If |(T )SFC < T j<|(T )SNC , ,

g.

(T ) , otherwise (TSC) = (TSNC) ,

Knewing the heat transfer regime for heat transfer between the metal node
and the separated vapor space, we now complete the calculations. For the
saturated vapor natural convection heat transfer regime, we use Equations
(6-53) - (6-58) . For saturated vapor forced convection, we use Equations
(6-59) - (6-66) . For saturated vapor condensation, we use Equations (6-59) -
(6-62), (6-64) - (6-66) and (6-80) .

Finally, for heat transfer to a stratified saturated fluid node, we com-
bine the heat transfer to the mixture region with the hent transfer to the
vapor region. We use Equations (6-89) - (6-96) times a weighting factor

fluid (n) ~ bot n
~ bot n) f r the mixture region )

top n

ck) fluid (n}} ( top}n ~and times a weighting factor ((E ) - (E

j ( Q ) ) for the vapor region. (E ) and ( Q ) are the top and bottom
elevations, respectively, of heat link n. They are not currently input

but rather are internally calculated. Ordinarily these elevations are set
to the bottom and top elevations of the fluid node to which heat link n

is connected. If, however, the metal node to which heat link n is con-

nected is itself connected to another fluid node and if that fluid node
has a lower top elevation and a higher bottom elevation that the other
fluid node, then those elevations are used for both associated heat links.

|
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The final calculation in subroutine IIEAT is the setting of the heat rate
for each critical heat link. The heat rate is a user-specified function
of time; i.e.,

~

g = ((t) .

.

.

:

I

|

.
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7.0 CONTROLLER CALCULATIONS

In this section, a description of calculations performed for controllers
is presented. These calculations are done in subroutine C$NTRL.

If controllers are being used or the level option is on, then the mea-
W

sured steam generator water level, Xg , is calculated according to
Equation (K-1). It is used in Equation (K-50) for the feedwater valve
controller.

1

( .

1

k
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GENERATION AND SOLUTION OP MATRIX EOUATION8.0

In this section, we describe the details of generating and solving

Equation (E-1). Subroutines SETUP and SCLVER perform the calculations.'

Before reading this section, the reader is urged to read Section 2.2
and Appendix E.

It should be pointed out here that subroutines SETUP and S LVER are/

written such that the vector y_ given in Section 2.2 can be re-ordered
to take advantage of the structure of the A,* matrix through re-ordering
of its rows and columns. The re-ordering is calculated during initializa-
tion and saved in various maps. [ a,c

j If other order-
schemes are developed, only the generation of the maps will need toing

be modified.

(
It should also be pointed out that the following description applies to
the case where all equations are solved implicitly. If certain equations

are solved explicitly, appropriate simplifications result and are used.

Subroutine SETUP prepares for the generation of the matrix equation by

setting the A* matrix from Equation (E-23) and the B,, vector from Equa-

tion (E-1) to zero.

( Next the B_ vector is generated. The B_ vector consists of By from Equa-

from Equation (2-2) ortion (2-8), B from Equation (2-1) or (2-17), Bgy
hom Equations M2)-(2-18), B fr m Equation (2-5) or (2-19), and B7

T

(K-55).

L
The implicit interior fluid node constants are generated next. and saved

for later use. These constants are agg, Sli, Y11, G21' 021, and y21
from Equations (E-48)-(E-53) .

8-1
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-

This concludes the calculations in subroutine SETUP. The f* matrix and
_

the B vector have been generated.

Subroutine SdLVER obtains the explicit solution to Equation (2-25), gen-

erates the B,* vector, and solves Equations (E-20), (E-60), and (E-61)
to obtain the implicit solution for selected parts of Equation (2-25).
The end result is the Ay"+ vector.

l

,/

The explicit solution to Equation (2-25) is simply

= at F (t", y"). (8-1)Ay"+ M1;

.

I

i
I 8-2



This is in contrast to the implicit solution which must be obtained by
solving Equation (2-27) .

Subroutine SCLVER firsts calculates A,v"+ f rom Equation (8-1) . Selected

implicit equations will later be solved to replace some of the compo-

nents of Av by implic'it solution values. Next, theBgandBysub-n+1

vectors are generated according to Equations (E-58) and (E-59), respec-
Now the matrix equation, Equation (E-23), is solved either bytively.

block elimination as described in Appendix E or by Caussian elimination.
Finally, Equations (E-60) and (E-61) are used to calculate the rest of
the implicit solution. The av" vector is now complete, some compo-

nents having been calculated explicitly and some implicitly.
_

.

a,c

_

-
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?.O INITIALIZATION CALCULATIONS

In this section, we give a detailed description of calculations which
initialize certain quantities at the starting time of a problem and
upon the restart of a problem. These calculations are performed in
subroutine INIT-

' Certain variables are initialized only for non-restart runs. Various
counters are set to zero. A tabic for allowable trace variables is ini-
tialized. It contains the name and location of each trace variable.

'

The desired trace variables are then checked against this table.

Variables related to the size of the problem are initialized next both
for non-restart and restart runs. They are: the number of interior
fluid nodes, boundary fluid nodes, interior metal nodes, boundary metal
nodes, non-critical flov links, critical flow links, non-critical heat

( links, critical heat links, bnplicit interior fluid nodes, implicit
interior metal nodes, and implicit non-critical flow links.

Next, various maps are generated for both non-restart and restart runs.

They map each momentum equation for non-critieni flow links, each cuergy
and mass equation for interior fluid nodes, each energy equation for
interior metal nodes, and each control equation into a specific row of
Equation (2-25) . Currently, the ordering of only the momentum equations
is changed. They are re-ordered so as to give A* the structure shown
in Equation (E-63), thus allowing the use of bicek eliminacion. If the

(
user has specified that the code should choose between Gaussian elimina-
tion and block elimination, then Equations (E-68) and (E-69) are evalu-

ated in order to make the choice. The code chooses the method which has

(
the fewer number of multiplications and divisions as estimated by these

equations.

9-1
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runs, all interior fluid nodgarc)fnitialized next.For non-restart

f i' ( g}i'For interior fluid node 1, v , T , (Tsat)i' DP
'g g

are calculated from P and k as described in #

(h )f, (h )f, and Xg 1 gg

is calculated from Equation (3-6) . The total mass,Appendix L. a
f

M, is initialized fromg

V
f (9-1}"i *~

'i

and the total internal energy, U , from
f

,

U =M h -0.18511 P V (9-2)
f 1 1 g f

If interior fluid node i is net an accumulator node and is subcooled,
the followin;; initialization is performed.

.

(Eg) = (E ) (9-3)
,

(9-4)(V ) =V,

(9-5)(v ix}i *V
m i,

(9-6)(y h}i 0,=
m

(9-7)(a,ix)f 0,=

and

,(e-8)
(ugs), = 0.

If interior fluid node i is not an accumulator node and is superheated,

we have:

,9-2 ,



(g_9)
mix)1 = (Egot)i,

(9-10)
(V,1 )1 = 0,

(9-11)(v,g)1 =v,
i

(9-12)
(x,1x)1 = 1,

(9-13)
(amgx)g = 1,

and

(9-14)
(H =0.
gb i

If interior fluid node i is not an accumulator node and is saturated:

(Eg ) = min max [(E ) , (E ") ], (E ) (9-15)
(

where (Eg) g on the right hand side is input by the user and where

l (9~10)~ ( bot)i (1 ~ "i}*( m x)i " ( bot}i + ( top)1

We also have

(E ) - (E )3
(V ) = max [V , (1-X )M (v ) f } , (9-17)

f 1 fME - (Ebot)itop i

'
,

(Vg)1 - (1- X )M (v )11 t f (9-18)(0,fx)f (ymix)1
= ,

ggx)f (v }i/(a( g
'bix i " (a )f (v )1 + (1-(amh)i}! f)1/

9-3



- (1-X )M (V )i_(V,gx)t i g f (9-20)
(M ~
gb i (V lgi

and

( mix}i ,

mix)i " (M 3)f + (1-X )M1f

For each interior fluid node 1, we have:

(9-22)(M )f = x1 yM
.

and

(9-23)
(M ) g = (1- X )M .g 1 1

If interior fluid node i is an accumulator node:

(Eg) = min [ max [(E ) ,((ot)f],(Et 0 p) ,.] (9-24,

~'s

(E ) - (g )1 (9-25 ,

( mix i i (E ) -( )
" * ,

.

"I*}i (9-26),M =

i
.

(9-27)(Vg)U =M *h - 0.18511 P - ,

f g 1 f

(9-28)(M ) =X M ,

f i

)
0-20

(M )f = (1 - X ) M ,*

f f 1

(9-30) s(vg) ,=v

i (9-30
! (Xaix)1 *Xi

,

(
,

(~ )
(amix)1 " "i

'

-
,

1

1
I 9-4
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l

e-m
ca,3 1 - ca,33

,

1

.

p [(V )f]Y = P [V - (vg) ]Y (9-34)- .*

t 1

For both non-restart and restart runs the following calculations are per-

g (P ) and v (P ) are calculated. They are the saturatedforced. v
at which the tapsliquid and vapor specific volumes at the pressure Pg

for water level measurement were calibrated.
.

If the node stacking ant' e'- ture level tracking option is on, then stack-

ing quantities are init_aliz.d. The horizontal stratified flow model
gr,ntities are checked for cor 9ctness and are initialized.

Finally, information regarding interdependence of implicit interior fluid
nodes, implicit interior metal nodes, implicit non-critical flow links,
critical flow links and heat links is generated and packed for later un-
packing and used in vectorized versions of subroutines SETUP and SOLVER.

(

.
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10.0 TIME STEP SIZE SELECTION AND TIME ADVANCE

In this section, we give a detailed description of the time step size selec-
tion procedures and the time advancing used in NOTRUMP. The setting of time
step size is performed in subroutine DELTSET. Time step size modification,
if necessary, is done in subroutine DELTCUT. Time advance is done in sub-
routine UPDATE.

Subroutine DELTSET is called before SETUP. Its sole purpose is to choose<

the time step size, at ,3 For the original time step selection method,

at ,g is set to DELTMIN for the first time step. The time step size from
the previous time step is used for subsequent time steps. For the optional
time step selection method, described in, Appendix S, the following algorithm
is used:
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The mathematical aspects of this algorithm are described in Appendix S.

The time step size is bracketed b'etween DELTMIN and DELTMAX, If a fixed

print time or restart time occurs during the tentative time step, then the
time step size is adjusted such that the new time is exactly equal to the
fixed print or restart time. This concludes the description of the time
step size setting performed in subroutine DELTSET.

Subroutine DELTCUT is called after subroutine S@LVE. Its purpose is |

to either increase the time step size, at +1. if possible or decrease ,n
it if necessary. If the time step size is changed, subroutines SETUF

and S$LVE are re-done using the new time step size.

Problems can arise in NOTRUFT because convection terms in the energy

equations, although they involve new time mass flow rates, do involve

some old time quantities. These problems occur then mass flow rates

change direction, especially if they change direction every time step.

Donor quantities are based on the wrong node when flow changes direction.

; If this keeps happening, it can lead to the internal energy in a nede

either increasing or decreasing until the code " bombs" in the fluid )
property routines.

In order to minimize these problems we have developed smoothness criteria

which look not only at the effect of the zerceth order terms in the

NOTRUMP implicit method but also at the first order terms. For the ori-

ginal time step selection method eight smoothness criteria are used in

DELTCUT. [ Specifically, we calculate ""
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Subroutine UPDATE is called af ter subroutine DELTCUT if the time step size
has not been modified in DELTCUT. Its purpose is to update the time

from t" to t"+ and to update other appropriate variables.

The time is updated using

t"+ = t" + at +1n

unless time step n+1 is a fixed print or restart time in which case
t"+ is simply set to the fixed time.

' The number of time steps and the time elapsed since the last regular call
to 0UTPUT (i.e. , not including calls to $UTPUT immediately af ter RESTART) ,

are updated. The number of time steps and the time elapsed since the last
call to RESTART and since the last call to TRACER are also updated. These
quantities are necessary for the control of print, restart,and trace frequency.'
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For each non-critical flow link, the rass flow rate is updated, i.e. ,

+1 , ,n ,3p +1 ;k=1, ,K
n

(10-41)

For each interior fluid node, the total internal energy and the total

mass are updated, i.e.,

(U d) 1 = U" ; i = 1, . .I (10-42).

IJ"i = U"i + AU"i+1 ; i = 1, .+1 .,I (10-43) I.

M = M" + AM i i=1***,I (10-44)
.

and the values of M", M", and V" are saved as

(M Id)n+1 , (g )n (10-45),

(M Id)n+1 , (g )n (10-46)
,

oldg )n+1 = (V )n(V (30_47).

and

(6 Id)n+1 = U"i (10-48)
i

I
The first two quantities are used to approximate (M ) and (M )"+1 ing

Equation (H-16) as follows:

(M )"i - (M Id)n+1+1

(M )n+1
g g i*

* (10-49)g1 At +1n

and
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g y +1 , ggold)n+1n
n fi f i (10-50)(g y +1 , .

fi At +1n

For each interior metal node, the temperature is updated, i.e.,

(10-51)
=T['+AT ; i=1, * ,JT

For each control equation, the control variable is updated, t.e.,

(10-52)
Z"g*1 =Z"+AZ[;i=1, ,M. -

'

Subroutine FL WLIM is called after subroutine UPDATE in order to limit
For each non-critical flow link k, W"the updated mass flow rates.

is limited to be lesa (in absolute value) than |W|" For flow links.

to which pumps are applied, special flu. limiting is also applied. It

is described in Appendix P. For flow links connected to accumulator
interior fluid nodes special flow limiting logic is used when the ac-
cumulator has just been emptied. It assures that the accumulator loses
no more fluid than it has in the last time step of its ceptying. For
eqch flow rate modified, the appropriate nodal masses and internal
energies are also modified.
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11.0 CODE OUALIFICATION

)
This section contains a description of the analyses performed for the purpose
of qualifying NOTRUMF against experimental data. Included are a number of

experi= ental small vessel bicudowns.

I

11.1 FRAWSURT/ MAIN TESTS

Three of the blowdown tests done at Frankfurt /Moin were analyzed with the code.

)
Tests 7, 12, and 14 were chosen because they represent a variety of break'

sizes and initial water levels.

The test vessel schematic and the computer model used are shown in Figures

11-1 and 11-2. The heater bundle and supports are not modeled in these analy-

sea. It is believed at this time that the heater bundle and supports act as
inherent separators. The support structure is not defined in the published
literature and, therefore, any separation which may occur could not be direct-
ly included in the computer model. An attempt has been made to indirectly

) model this separation by including a multiplier on the drift velocity Vg
(see Appendix G). This multiplier was applied to all vertical flow links.
A multiplier of four was found to give the best overall results for the three
tests.

11.1.1 FRANKFURT / MAIN TEST 7

For this test, the vessel is approximately half full of water. The break
location is at 25.591 feet elevation and thus is initially located in the

) steam space. The break diameter is 5.71 inches. A discharge coefficient of
0.60 was used.

Comparisons between measured and predicted results are shown 11. Figures 11-3
'

) through 11-6. The calculated flow rate shown in Figure 11-3 is low between
about one and three seconds into the transient. It is then high between about

( four and nine seconds, then low again. It to believed that this is due to
using a multiplier on V for all vertical flow links. Where the calculated

)
11-1
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.

,

: .,

flow rate is initially low, we are probably separ; ting the two-phase mixture
'

(

above the heater bundle (nodes 7 and 8) tco much since it really does not }

"see" the separation due to the ha_ater bundle. By four seconds there is ,|
.

'

appreciable flashing in the heater bundle region. Our single multiplier of
four apparently gives too little separation to mixture uSich must pass through ,

the heater bundle on its way to the break. The calculated mass ficw rate is, 'l
'

therefore, high there. After about nine seconds,'the separation appears to ,
,

be too high in the regLon below the heater bundle, not even allowing much[
liquid in the efxture below the heater. bundle to reach it. Figures 11-4 ' /

I
through 11-6 are#consistentwiththEsecomments. ),-

i

f"

.
/

,

11.1.2 FRANKFURT /MAIR TEST 12
f t J

This test has cChigher initial water icvel than Test 7 so that initially the,
brcak is covered-by water. The break diameter is 5.5 inches. A discharge j

' '
coefficient of 0.60 was used. ,,

.

Comparisons between measured and predicted results are shown in Figures 11-7

through 11-10. The calculated flow rate shown in Figure 11-7 is.high until ) 'N
)

about five seconds and then low. The high. flow rates occur when the break '

is completelg covered and has a low flow qual,1'ty. The low flow rates occur
#'

as there .is acre flashing below the heater bund'le. The comments in Section
11.1.1 also apply to Figures 11-7 through 11-10.

.

*

11.1.3 FRN?KFURT/ MAIN TEST 14

;

This test has the vessel al=ost completely filled,with water when the brerk
The break s.ie is considerably s= aller than for Tests 7 and 12, the )foccurs.

break diameter being 1.97 inches. A discharge coefficient of 0.65 was used.

/

Comparison between ceasured and predicted results are shown in Figures 11-11

through 11-14 Since the break sire is small, the transient is much slower )
t

than ' Jests 7 and 12 and natural separation is expected to occur throughout ,,

the test vessel for almost the entire transient. Liquid falls to the bottom
of the vessel keepin; the qualities low in nodes 1-4 From about 55 seccnds

'

I
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..
on, the break is essentially flowing all sesam, which is flashing from tha
quiescent liquid and bubbling up to the mixture level. It was found that

I the pressure versus the mass remaining in the vessel was quite sensitive to
the separation model. A value of four for the multiplier on V was chosen

because it resulted in good agreement to the test data, thus indicating that
it modeled adequately both the natural separation and the inherent separation

I of the heater bundle and supports. Tests 7 and 12 also used this multiplier.

11.2 BATTELLE NORTHWEST TEST B53B

) The Battelle Northwest B53B test vessel schematic and the computer model used

are shown in Figure 11-15. The initial pressure for this test was 980 psia,
initial water level was 9.4 ft., and the orifice diameter was 1.687 inches.
A discharge coefficient of 0.80 was used.

!

Experimental results for this test did not include the mass flow rate, but did
indicate a water level in the vessel during the blowdown. The experimental
data was taken from a Time Domain Reflectometer probe, which essentially gives
the distance from the top of the vessel to an electronic impedance discon-

) tinuity caused by the upper surface of the liquid or foam. NOIRLHP predicts

( water level using a pressure difference between upper and lower pressure taps,
measuring collapsed water level rather than a froth level. Therefore, this
calculation was not included in this report since no meaningful comparison

could be made between the two results.

Mass and pressure transients are compared in Figures 11-16 and 11-17. It is

important to note that natural separation has a significant impact on these

! transients and that the close predictions of pressure and mass remaining in

) the vessel are further justification for the drift flux model described in
Appendix G.

s

'111.3 CISE TESTS

)
CISE, as part of the CIRENE-3 program, conducted a series of sixteen small

g
vessel blowdowns at the Betulla plant of C.C.R. Euratom at Ispra. The tests\

were carried out on a 3m vessel using three different break locations, two

) sets of initial conditions, and five different break sizes. A tabulation of

11-3
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test procedures and test results is given in Reference 17. Three of these x

tests were modeled using NOTRUMP to show the adequacy of the code in pre- I

dicting blowdown results. The test vessel schematic and NOTRUMP noding
scheme are shown in Figures 11-18 through 11-20.

}11.3.1 CISE TEST 1
}

- CISE Test 1 is a blowdown from the upper nozzle with initial pressure 725

psia and a break diameter of 5 inches. The initial water level is 8.14 feet
below the upper nozzle. ) )

f

Comparisons between the experimental data and NOTRUMP predictions for mass

remaining in the vessel versus time and for vessel pressure versus time are
shown in Figures 11-21 and 11-22, respectively. A discharge coefficient of
0.55 was used. The drift flux and momentum flux models were used. The
agreement between experimental and predicted results is good.

11.3.2 CISE TEST 2
)

CISE Test 2 is a blowdown from the lower nozzle of the test vessel, with an --

initial pressure of 725 psia and an orifice diameter of 4 inches. The
initial water level is 3.87 feet above the blowdown nozzle. A discharge
coefficir; of 1.00 was used because of the leng extrance length to the
discharge point and the low quality of the flow. Comparisons between experi-
mental and predicted results are shown in Figures 11-23 and 11-24.

As can be seen from Figure 11-23, the predicted mass transient with time is
very close to the experimental results. Again, the drift flux and momentum )
flux models in NOTRUMP were used. These models adequately handled the !

counter-current flow expected in the region near the blevdown nozzle. The
pressure transient is shown in Figure 11-24. The predicted pressure shows

}the same trend as the experimental pressure. )'

- J

11.3.3 CISE TEST 3

The third CISE test was a blowdown from the nozzle in the inter =ediate loca- )

11-4 -
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tion with an initial pressure of 725 pais, en orifica diamater of two inchts,
and an initial water level at the lower edge of the nozzle. A discharge

I coefficient of 0.85 was used in this test. Comparisons of results are shown
in Figures 11-25 and 11-26. Again, agreement between the experimental and

predicted masses and pressures is good.

)

I
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)
I
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12.0 CONCLUSIONS

The NOTRLTP cor.puter code is capable of general thermal hydraulic network
transients. It has extensive modeling capabilities including:

|

| 1. A momentum balance suitable for predicting time-dependent flows.

|

l

| 2. A suitable slip flow model for the themal hydraulic conditions in-
' volved.

3. Natural and mechanical phase separation models, including counter-
current flow modeling capabilities.

4 The capability of incorporating time and spatial changes in operating
conditions due to changes in boundary conditions or control systems.

5. Sufficient detail to represent the different physical and behavioral
I regions of steam generators.

6. Running times suitable for making a relatively large number of survey
j

type runs.

NOTRLHP is a general one-dine..aional network code. The spatial detail of a
problem is modeled by fluid and metal nodes appropriately interconnected by
flow and heat links. The spatial-temporal sciution is then determined by

,

numerical integration of the integral foms of the conservation equations.

Fluid nodes may be subcooled, saturated or superheated. They may also be
either homogeneous or stratified.

- A detailed momentum balance includes the effects of gravity, friction and
momentum flux. The drift flux and bubble rise models permit modeling of
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vertical slip flow, including counter-current flow. A horinental strati-

fied flow model is also availe.ble. Break models for either subcooled,

saturated, or superheated fluid nodes ars included.

Heat transfer correlations represent all regimes from subcooled natural or

forced convection, through nucleate and transition boiling, to film boiling

or forced convection vaporization and finally to superheated forced con-

vection. Checks are made for critical heat flux conditions. A simple

condensation model is also available.

Specific models are used for the mechanical phase separation in the swirl

vanes and Peerless chevron separators. In addition, specific control sys-

tems are modeled.

Boundary fluid and metal nodes and critical flow and heat links permit a
'

convenient way of imposing boundary conditions. These may be used instead

of controllers for the modeling of certain transients.

The code has been qualified against experimental blowdown data. Most com-

_)parisons between the code and experimental data are favorable. For those
,,

comparisons where analytical and experimental results differ significantly,

the reasons for the differences are identified.

NOTRUMP, with its extensive modeling capabilities, is capable of analyzing
thermal hydraulic transients. There have been applications of the code to problems
requiring general thermal hydraulic network analyses.

)
.)
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APPENDIX A

NOMENCLATURE

A Flow area of a flow link or heat transfer area of a heat link.

[ft ]

A Effective flow area for a heat link. [ft ]

/

A Matrix defined by Equation (E-2).

A* Matrix defined by Equations (E-10) - (E-19).

A Upstream (with respect to the defined flow link direction)
t

flew area of a flow link. [ft ]

A Downstream (with respect to the defined flow link direction)
S

flow area of a flow link. [ft2]

A Downflow (with respect to the net mass flow direction) flow

area for a flow link. [ft ]

A, Upflow (with respect to the net mass flow direction) flow

area for a flow link. [ft ]

ALFL Baffle leakage flow aret for a flow link. [ft ]

( ANRC Number of tube rows in crossflow for a flow link.

ANS Number of sealing strips for a flow link.

B Vector defined by Equation (E-4).

A-1
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B* Vector defined by Equations (E-20) - (E-22) .

C Discharge coefficient for choked flow in a flow link.
D

C Correction factor on the forced convection heat transferg

resistance.

C Heat capacity. [Etu/lbm *F] '
'

p

C Feedwater valve coefficient. [ gal / min-psi 1/2)W

C Throttle valve coef ficient. [ gal / min-psi )

C, Drif t flux distribution parameter.

c Sonic velocity. [ft/sec)

D Equivalent diameter of a flow link. [ft]e

( Effective equivalent diameter for a heat link. [ft)

D Diameter of a continuous contact ficw link. [ft]fy
.

D Inside diameter of steam generator tubes. [ft]g

D Middle diameter of steam generator tubes. [ft]m

.]
D, Outside diameter of steam generator tubes. [ft)

D Taylor instability diameter. [ft]T $ or
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Q Bottom elevation of a fluid node. [ft}

E Downstream (with respect to the defined flow link direction)
d

elevation of a flow link. [ftl

E Either the upstream or downstream elevation of a flev link.
gg

[ft}

' E Elevation of lower tap for water level measurement. [ft}

E,7 Mixture elevation in a fluid node. [ft}

E Top elevation of a fluid node. [ft}
top

E Upstream (with respect to ti.e defined flow link direction)
elevation of a flow link. [ft}

W
_

E Elevation of upper tap for water icvel measurement. [ft}g

F_
Vector defined by Equations (2-15) - (2-19) .

F The fraction of a given end of a continuous contact flow linkg
which contacts mixture in the appropriate node.

F Feedwater valve position. [% lift}yp

F Throttle valve position. [% lift}

F Feedvater valve position demand. [% lift}ND

F rt e va Ve position demand. M lHt}
VFD
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FBP Fraction of flow area in the btndle-to-wrapper bypass for a

flow link,

f Friction factor. Defined by AP = .f V.

dF, Jacobian matrix of F_ (y_).
-

G Total mass flux. [1bm/sec-ft ]

g Acceleration of gravity. [ft/sec ]

'

g 32.174. [1br ft/lbf-sec ]c

h- Enthalpy. [ Btu /lbm]

h Saturated liquid enthalpy. [ Btu /lbm]g

)h Saturated vapor enthalpy. [ Btu /lbm] ./

hW Enthalpy convection term in a flow link. [ Btu /sec]

I Number of interior fluid nodes.

I Identity matrix.

I* Number of fluid nodes.

I Set of all heat links for which interior fluid or metal node
i is the initial node.

I Set of all flow links for which interior fluid node i is the 3-i j
initial node.

A-4
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J Number of interior metal nodes.

J Joule's constant, 778.1. [f t-lbf / Btu]

J* Number of metal nodes.

j Total volumetric flux. [f t /sec-f t ]

j Liquid volumetric flux. [ft /sec-ft ]g

j Drif t flux of liquid component. [f t /sec-f t ]f8
.

j Vapor volumetric flux. [ft /sec-ft ]

j Drift flux of vapor component. [f t /sec-f t ]g

K Number of non-critical flow links.

!

K* Number of flow links.

W
K Proportionality constant of the level error compensation PI

P1
controller for the MB-1 feedwater valve control. [1bm/sec-

% span]

K Proportionality constant of the throttle valve PI controlletp
for the MB-1 throttle valve control. [% lift /Mwth]

.

\ K Proportionality constant of the feedwater valve PI controllerp
for the MB-1 feedwater valve control. [% lif t/(lbm/sec)]

k Thermal conductivity. [ Btu /sec-ft *F]
o

'
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L Number of non-critical heat links.

L Length of a flow link. [ft]

L* Number of heat links.

L/A Inertial length of a flow link. [ft-1]

M Number of controller equations.

M Total fluid mass in an interior fluid node or total metal
mass of an interior metal node. [1bm]

M Liquid mass in an interior fluid node. [1bm]g

M Vapor mass in an interior fluid node. [1bm]g

M Bubbic mass in an interior finid node. [1bm]gb

M Downflow (with respect to the net mass flow direction) Machg
number for a flow link.

M), Upflow (with respect to the net mass flow direction) Mach
number for a flow link.

P Pressure in a fluid node. [ psia]

P Measured pressure downstream of the throttle valve for they

MB-1 feedwater valve control. [ psia]

P Measured pressure downstream of the throttle valve for they

FS-1 throttle valve control. [ psia]
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1

*
.

J

A

I

PH
P Hester gas control setting for the MB-1 primary water heatersIN

control. [% setting]
,

P
P Demanded heater gas centrol setting for the MB-1 primaryDD

water heater control. [% setting]

FW
P Pressure at which taps for water level measurement weregg

calibrated. [ psia]

P Pressure at the top of the fluid node which contains the
T

lower tap for water level measurement. [ psia]

P Pressure at the top of the fluid node which contains the
UT

upper tap for water level measurement. [ psia]

! P Pitch of the steam generator tubes. [ft]be

Pr Prandt1 number.,

!

i Q Heat rate in a heat link. [ Btu /sec]
!

j

; q Number of equations not in disjoint dhains.

;

q Heat flux in a heat link. [ Btu /sec-ft ]

2
| R Fluid node heat transfer resistance. [*F/(Bru/sec-ft )]

f
.

R Fouling factor. [*F/(Btu /sec-ft )]g y
i

!

| R. Metal node heat transfer resistance. [*F/(Btu /sec-f t )],

'
.!

| - (.
,

.'
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.

i

e

i R, Metal node to metal surface heat transfer resistance. [*F/(Btu
/sec-f t2)]

i
,

i R, Metal surface heat transfer resistance. [* F/(Btu /sec-f t )]

; RCR Steady state re-circulation ratio.

.

S Vapor production rate in a fluid node. [1bm/sec),

; E

S Bubble production rate in a fluid node. [1bm/sec]gb

SP Demanded primary water temperature at heater exit. [*F]

SV Fractional srirl vane efficiency.

T Temperature in a fluid or a metal node. [*F]

T Set of all heat links for which interior fluid or metal node
'

; i is the terminal node.
.

T Set of all flow links for which interior fluid node i is the

terminal node.

' T Measured mixed heater temperature for the MB-1 primary water
'

heater control. [*F]

T Filtered measured mixed heater temperature for the MB-1 primary /

. water heater control. [*F]

T Measured primary water temperature at heater exit for the

MB-1 primary water heater control. [*F]

A-8
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4[

FH
T Filtered measured primary water temperature at heatcr exit
HOM

'
for the MB-1 primary water heater control. [*F]

T,,g Saturation temperature. [*F]

T, Metal surface temperature. [*F]

t Time. [sec]

U Total fluid internal energy in im interior fluid node. [ Btu]
.

U Heat transfer coefficient. [ Btu /sec-ft *F]'.

U
m Metal node heat transfer coefficient. [Beu/sec-ft *F]

U,, Metal node to metal surface heat transfer' coefficient.
[ Btu /sec-ft *F]

,
' (

A

U,,f Metal node to fluid node heat transfer coefficient.
[ Btu /sec-ft *F]

i
~

u Specific internal energy. [ Btu /lbm]
4

V Volume of an interior fluid node. [ft ]

V Fluid velocity. [ft/sec]
.

' V Liquid velocity. [ft/sec]g

V Vapor velocity. [ft/sec)

i

\w V Drift velocity of vapor relative to the total volumetric flux.
8j

3

[ft/sec)
3
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.

s

'

V Drif t velocity of liquid relative to the total volumetricgj
flux. [ft/sec)

v Specific volume. [ft /lbm]

v Saturated liquid specific volume. [ft /lbm]g

v Saturated vapor specific volume. [ft /lbm] N

3v, 3 Specific volume of the mixture in a fluid node. [fc /lbm]

W Total mass flow rate in a flow link. [lbm/sec)4 ,

.

7 Effective total mass flow rate for a heat link. [lbm/sec)
,

W Vass flow rate of bubbles escaping at the surface of the,

mixture of a stratified interior fluid node. [lbm/sec) ,

W Liquid mass flow rate in a flow link. [lbm/sec]g

:
.

I E Effective liquid mass flow rate for a heat link. [1bm/sec]g

!,

; W Vapor mass flow rate in a flow link. [lbm/sec)g

| I Effective vapor mass flow rate for a heat link. [lbm/sec]g

NW Measured feedwater flow rate for the MB-1 feedwater valve )j yp
,

control. [lbm/sec]

W
W Measured steam flow rate for the MB-1 feedwater valve control.gp

[lbm/sec]
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t

X[C Compensated steam generator level error for the MB-1 feedwater
valve control. [1bm/sec)

X[CC Steam generat r level error for the 12-1 feedwater valve

con:rol. [% span]

Xf Steam generator level setpoint for the MB-1 feedwater valve

I control. [% span]
4

E

Xf Measured steam generator level. [% span]
,

W
X Filtered steam generator level for the MB-1 feedwater valve'

tgp

i control. [% span]
3

XhCC L ad error for the MB-1 throttle valve control. [Mwth]M
,

Load demand for the MB-1 throttle valve control. [Mwth]

X Measured load for the MB-1 throttle valve control. [Mwth]ggg,.

x Vector defined by Equation (E-3).

I Vector defined in Section 2.2.
.

Z Length of a flow link. [ft]

Z Control variable..

a Void fraction in a fluid node.

a Void fraction in a flow link.fy

\
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a,g, Void fraction in the mixture of a stratified fluid node.

8 The angle of the swirl vane blades with the vertical.

6 Kronecker delta.
1

u Fluid viscosity. [lbm/ft-sec)
,

p Liquid v'iscosity. [lbm/ft-sec]g

p Vapor viscosity. [1bm/ f t-sec]g

o Density. [lbm/f t ]

p Downflow (with respect to the net mass flow direction) densityg
for a flow link. [1bm/f t ]

p), Upflow (with respect to the net mass flow direction) density
for a flow link. [1bm/ft ]

.

p)y Upstream (with respect to the defined flow link direction)
density for a flow link. [lbm/ft ]

p Downstream (with respect to the defined flew link direction)
j2

density for a flow link. [lbm/ft ]

o Surface tension. [lbf/ft] )

X Thermodynamic quality in a fluid node.

X Effective quality for a heat link.

'
X Flow quality.

s
x Static quality.
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APPENDIX B

INPUT DESCRIPTION

In this appendix, we describe the input to NOTRUMP. This input consists
f

of a title card, a number of namelists, and possibly a list of TRACE

variables.

i

The first namelist is RMISC. It contains variables pertinent to the writ-
,

ing and reading of restart tapes. There are two types of NOTRUFT cases:
1) no;a-restart cases, and 2) restart cases. The input for each type is
somewhat different. The namelists required in addition to RMISC are
FN DES, MN DES, FLINKS, HLINKS, C NEQNS, PUMPS, MISC, and TRACES. Input

variables are generally grouped functionally into these namelists. As
the namelist names imply, the functional groupings pertain to miscellaneous
restart variables, fluid nodes, metal nodes, flow links, heat links, con-
troller equations, pumps, miscellaneous variables, and trace variables.
For a restart run, RMISC is read first, a restart tape is read next, then
the other namelists, and possibly a list of TRACE variables, are read toi

allow the changing of appropriate variables.

All variables are allowed to be modified upon restarting. This gives
the user the greatest possible flexibility. Note that the flexibility
allowed upon restarting together with the general ordering allowed for
fluid nodes, metal nodes, flow links, and heat links allows these code

Itcomponents to be changed (even combined or divided) on restart runs.
is important, however, that the user be well aware of the consequence

( of modifying any variable.

Several points should be noted regarding default values of the input
variables. By def ault values, we simply mean the values which the code

,

(m assigns certain variables prior to processing the input for a non-rescart
Usually the defaults have the most reasonable value for the vari-run.

ables. In many cases, variables are defaulted such that calculations
are not performed. For example, the number of controller equations,

t
NCDE, defaults to 0, so that if the code is to be run without control-

B-1
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lers (as may often be the case), the user need not explicitly specify

NCDE. Variables with no default values still may not need to be speci-

fied if they will not be used. For example, most of the variables in

CONEQNS need not be specified if NCDE is zero, even though they have no
default values and therefore must be specified if NCDE is non-zero.

We now describe the contents of each NAMELIST in detail. For rules
regarding the use of NAMELIST input, the user is referred to any com-

prehensive reference on F0RTRAN.

T
'*

.

.

0

.

,

|

,

2
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NWTRUMP Input

Title Card: FWRMAT (8A10)

$RMISC

flag for restart option. Default = 0IRSTRT =
1

IRSTRT > 0 : Restart casegread from tape NRIN and
write on tape NR$UT all restart records up
to and including step JRSTRT.

|. IRSTRT < 0 : Restart case; read from tape NRIN and
.

| write on tape NRWUT only the restart record
J

for step JRSTRT.

! IRSTRT = 0 : Non-restart case. Do not read from
i tape NRIN. ;*

i

step number of desired restart point from tape NRIN.JRSTRT =
,

Default = 0.'

(-.

. --

number of tape from which restart information is to be read.NRIN =

i Default = 7.

number of tape on which restart information is to be written.NRWUT =

Default = 8.

I NFRSTRT number of fixed restart writing times.=

0 1 NFRSTRT 1100. Default = 0.

maximum number of time steps between restartNSRSTRT =
j

writing. Ignore if 0. NSRSTRT)0. Default = 0.'
,

i f
(_

1

i B-3
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l

s

maximum time interval between restart writing.TIRSTRT =

Ignore if 0.0. TIRSTRT > 0.0. Default = 0.0.

J

fixed restart writing times. [sec] Only theTFRSTRT (100) =

first NFRSTRT of these are used. No default.

!

D
NOTE: The variables in namelist RMISC are not saved on restart tapes and, e

;

therefore, must be provided on each run. The variables in all
other namelists are saved on restart tapes and therefore should only

;

be provided when one wants to change them on a restart case.

l

)
, j

.

i

|

|.
|

|

| ).

:

|
.T
J-
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$FN@ DES J

flag for fluid node type for each fluid node.ITYPEFN(80) =

1 = non-accumulator interior fluid node
2 = accumulator interior fluid node

-1 = boundary fluid node
0 = no fluid node

Default = 0
Note: There are no restrigtions on the ordering of fluid node types.

flag for implicit method for each interior fluidIMPFN (80) =,

node. Implicit if f 0. Explicit = 0.

Default = 1.

volume, V, of each interior fluid node. [ft ).VFN (80) =

No default.

f each fluid node. [ft].bottom elevation, Ebot,EB@TFN (80) =

No default.
.

top elevation, Eg p, of each fluid node. [ft].ETOPFN (80) =

No default.
.

initial pressure, P, of each interior fluid node.PFN (80) =

[ psia.]. No default. Used only on non-restart cases.

initial enthalpy, h, of each interior fluid node.SHFN (80) =

[B tu/lbm] . No default. Used only on non-restart cases.

.i

(' EMIXFN (80) mixture elevation, E, , of each interior fluid node.=

[ft]. No default. Used only on non-restart cases for

saturated stratified interior fluid nodes. For non-

( accumulator interior fluid nodes, it is compared with

\ the minimum mixture elevation required to accommodate

the liquid with no bubbles. The maximum of these is
used. Note, therefore, that to get collapsed liquid,

one simply uses a sufficiently low value of EMIXFN.

B-5
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For accumulator fluid nodes, the space above the nixtura
a

elevation is assumed to be nitrogen gas and below the

mixture elevation is assumed to be fluid with initial
'

enthalpy, b.

flag for bubble rise type for each interior fluid node.
.

IBRTFN (80) =

Homogeneous node if = 0. Stratified node if f O. Vari-

able area node if < 0. Default = 0.

C from Equation (G-55). [-]. Used only if IDRFTFNCDFMFN (80) =

i s

array = 3-6. Default = 1.0. g

n from Equations (G-54 and (G-58). [-]. Used only if
EDFMFN (80) =

IDRFTFN array = 3-6. n > 0.0 for IDRFTFN = 3,4 and n >

1.0 for IDRFTFN = 5,6. Default = 2.0.
f

D, from Equations (G-56) and (G-60). [ft]. Used only
DDFMFN (80) -

if IDRFTFN array = 3-6,8,9,11, or 12. No default.

Ntotal internal energy, U, in each interior fluid node.UFN (80) =

[Beu]. No default. Used only on restart cases to com- -

bine, divide, or add interior fluid nodes.
,

total mass, M, in each interior fluid node. [1bm]. NoTNTN (80) =

default. Used only on restart ctses to combine, divide,
or add interior fluid nodes.

bubble mass, M b, in each interior fluid node. [1bm].TMBFN (80) =

No default. Used only on restart cases to combine, di-
vide, or add interior fluid nodes or to simply change the -

mixture.

|
'

l

total vapor mass from the previous time step, M , for )Id
,

TMG$FN (80) = 8 ./

each interior fluid node. (See Equation 10-22) [1bm].
,

No default. Used only on restart cases to combine, divide,
or add interior fluid nodes or to simply change the mix-

| ture. j
l
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totalliquidmassfromtheprevioustimestep, Mfd , for
TMF6FN (80)

,=

each interior fluid node. (See Equation 10-23). [1bm].

No default. Used only on restart cases to combine, divide,
| or add interior fluid nodes or to simply change the taix-
|

ture.

A

node stacking and mixture level tracking model flag forISTAKFN (80) =

each interior fluid node.
interior fluid node belongs to a stack and contains a1 =

mixture elevation./

interior fluid node belongs to a stack, but does not con-I -1 =

tain a mixture elevation.
interior fluid node does not belong to a stack.0 =

Default = 0.

I flag for drift velocity model for each stratified interiorIDRFTFN (80) =

fluid node. See Appendix G. Used only if IBRTFN array

/ 0.
*

no drift, i.e., <<Vg > = 0.>
0 =

Zuber correlation limited by flooding. Uses flux-weighted
' 1 =

void fraction approach. See Equations (G-50)-(G-53).
same model as IDRFTFN=1 except uses void propagation ap-2 =

proach.
general bubbly flow correlation. Uses flux-weighted void3 =

fraction approach. See Equations (G-54)-(G-57).
same model as IDRFTFN=3 except uses void propagation ap-4 =

1 proach.
I

Uses flux-weightedgeneral droplet flow correlation.5 =
,

' void fraction approach. See Equations (G-58)-(G-60).
same model as IDRFTFN=5 except uses void propagation sp-6 =

proach.
Uses" standard vertical flow" model.7 =

-

void propagation approach.
"non-quenched core vertical flow" model.8 =

Uses void propagation approach.

" quenched core vertical flow" model.9 =

\ Uses void propagation approach.
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,

" accumulator bypass vertical flow" model.10 =

Uses void prepagation approach. ,.

improved version of TRAC-P1 horizontal flow model. Uses
11 =

void propagation approach.
improved version of TRAC-P1 vertical flow model. Uees12 =

void propagation approach.

simplified Yeh correlation. See Equations (G-83)-(G-86).13 =

Default = 0.

flag for distribution parameter model for each stratifiedISLIFFN (80) =

fluid node. See Appendix G. Used only if IBRTFN/0.
,

no slip (C,=1) if IDRFTFN 16 or IDRFTFN=13. C, is cal-0 =

culated in conjunction with the drift velocity models if

7 < IDRFTFN 1 12._ ,

modified Armand correlation (see Equations (G-40)-(G-47))1 =

if IDRFTFN=0. Otherwise, same as ISLIPFN=0.
GEND correlation (see Equaticns (G-48)-(G-49)) if IDRFTFN=2 -

0. Otherwise, same as ISLIPFN=0.

Default = 0.

flag for fluid thermodynamic state for each interior fluidISFN (80) =

node. -1 = subcooled. 0 = saturated. 1 = superheated.

No default. Used only on restart cases then combining,
dividing, or adding interior fluid nodes. It allows a

user to correct possible problems with the water packing
logic. (See Section 3)

isentropic exponent, y, for each accumulator interiorCAFDIAFN (80) =

fluid node. [-]. No default. Used only on non-restart

cases to cal.ulate Pg [(V ) ]Y, ]

[f [ WN 0)ijY for each accumulator interior fluid node.( 0) = -

(psia (ft3)Y]. No default. Used only on restart runs
to define P -[(V ) ]Y ,

J
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$MN% DES

flag for tetal node type for each metal node.ITYPEMN (40) =

1 = interior metal node
-1 = boundary metal pode

0 - no metal node
There are no restrictions on the orderin'g of metal node types.Note:

,

flag for implicit method for each interior metalDKPMN (40) =

node. Implicit if / 0. Explicit if = 0. Default = 1.

initial total mass, M, of each interior metal node. [lbm] .
TMMN (40) =

No default.

initial temperature, *T, of each interior metalItal (40) =

node. [*F]. No default.

inner diamter, D , of tubes for each metal node. [ft].DIMN (4C) =

Used only if the metal node connects to a non-critical
heat link. No default.

|
|

middle diameter, D ,, of tubes for each metal node. [ft].1

| DMMN (40) =

|
Used only if the metal node connects to a non-critical
heat link. No default.

outer dianter, D,, of tubes for each metal node. [ft3
DCMN (40) =

Used only if the metal node connects to a non-critical

heat link. No default.

$FLINKS
flag for special flow link types for each flow link.ITYPEFL (80) =

non-critical flow link.1 =

( user-specified time , pressure , and enthalpy-dependent-1 =

critical flow link.

upgraded break model critical flow link. Moody correla--2 =

tion for subcooled and saturated stagnation states;
CRFLO for superheated stagnation state.

B-9
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upgrad:d brock modal criticci flow link. Nordy corr 31c--3 =

tion for subcooled and saturated stagnation states; ,|

Murdock and Baumann correlation for superheated stagna-

tion state.

modified Zaloudek correlation for subcooled stagnation-4 =

state; Moody correlation for saturated stagnation state;

CRFLO for superheated stagnation state.
,

'

modified Zaloudek correlation for subcooled stagnation-5 =

state; Moody correlation for saturated stagnation state;

Murdock and Baumann correlation for superheated stagna-

tion state.
's

orifice equation for subcooled stagnat1on state; Moody )-6 =

correlation for saturated stagnation state; CRFLO for

superheated stagnation state.

orifice equation for subcooled stagnation state; Mcody-7 =

correlation for saturated stagnation state; Murdock and

Baumann correlation for superheated stagnation state.

pseudo-steady state critical flow link.-8 =

no flow link.0 =.

lower (liquid) component of a horizontal stratified flow2 =

model nr.-critical flow link pair.

upper (vapor) component of a horizontal stratified flow3 =

model non-critical flov , link pair.
Default = 0.

NOTE: A " horizontal stratified flow model non-critical flow link
pair" is defined as two flow links, one with ITYPEFL(80)=2

and one with ITYPEFL(80)=3, which have identical values

for IUFL(80), IDFL(80), EUFL(80), EDFL(80), ZFL(80), and
DCONTFL(80). In addition, DCONTFL(80) must be greater

than zero, i.e., continuous flow links. )
Note: There are no restrictions on the ordering of flow link types.

flag for implicit method for each non-critical flowIMPFL (80) =

link. Implicit if f 0. Explicit if = 0. Default = 1.

flag for flow composition type far each flow link.KTFL (80) =

B-10



1 = n2 chr.ng2.

2 = set o to 1.0 for net upflow. <

gp
3 = set a ,p to 0.0 for net upnwt

4 = set a to 1.0 for net downflow.

and a to 1.0.5 = set a ,pg

6 = set a ,p to 0.0 for net upflow. Set a to
g

1.0 for net downflow.
7 = set a # "* " " ' " **

bot

8 = set a to 1.0 for net upflow. Set a to
top bot |

'

0.0 for net downflow.
f

9 = set a and a c 0.0.
top bot

to a and set o to 1.0, Assume10 = sat g ,g donor g

net upflow.

11 = set a to o and set a to 0.0. Assume
p

net downflow.

Default = 1-

upstream fluid node for each flow link. No default.IUFL (80) =

(
downstream fluid node for each flow link. No default.1 DEL (80) =

flow area, A, for each flow link. [ft2]. No default.AFL (80) =

NOTE: For horizontal stratified flow links, AFL(80) is an initial flow
area for the link. The only restrictions are that the areas of flow
link pairs add to the total flow area of the horizontal pipe being
modeled and that SLOAFL(80) is calculated using AFL(80). Likewise
the initial values of DEFL(80), FLDAFL(80), and FLDPFL(80) should

be consistent.

equivalent diameter, D,, for each flow link. [ft). NoDEFL (80) =

default.

length for internally-calculated friction or interfacialZFL (80) =

shear loss models for each non-critical er pseudo-steady

state critical flow link. [ft]. Lefault = 0.0

B-11
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insrtisi 1cngth IL/A of ccch n:n-critical flow link.SL AFL (80) =
~

[ft~ ]. CL AFL(80) > 0.0. No default.

discharge coefficient, C* ** "Y "##*I ~CDFL (80) =
D

--1, -2, -3, -4, -5, -6, o r -7. Default = 1.0.

'

elevation of upstream end of each flow link. [ftl.
EUFL (80) =

No default.

elevation of downstream end of each flow link. [ft].
EDFL (80) = ~,

)No default.,

constant fL/D for each non-critical flow link. IfFLDAFL (80) =

two-phase flow, it is corrected by the average value
Martinelli-Nelson factor as modified by Thom (see

Reference 5). Default = 0.0.

constant fL/D for each non-critical flow link.FLDFFL (80) =

If two-phase flow, it is corrected by the point ]
value Martinelli-Nelson factor as modified by Ihom /

*

(see Reference 5). Default = 0.0.

baffle leakage flow area. Used only if IFRICFL array =ALFL (80) =

5. [ft 3. Default = 0.0.

momentum flux flag. No momentum flux terms ifIM MF =

= 0. Possible momentum flux terms if / 0.
Default = 0. -

)>
flow link, p, associated with upstream end of each non-IUFLFL (80) =

critical flow link. Used only for momentum flux option.
sDefault = 0.

.

flow link, q, associated with downstream end ofIDFLFL (80) =

each non-critical flow link. Used only for momen-

tum flux option. Default = 0.

B-12
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upstream area, A , of each non-critical flow linkAUFL (80) = ,,
g

,?
[ft']. Used only for momentum flux option. No j

default.

downstream area, A , of each non-critical flowADFL (80) =

link [ft ]. Used only for momentum flux option.

No default.

initial mass flow rate, W, for each flow link.WFL (80) =

[lbm/sec] No default.

initial liquid mass flow rates W , for er.ch flow linkWFFL (80) =
g

[1bm/sec]. No default. Used only on restart cases when
adding flow links.

initial vapor mass flow rate, W , for each flow linkWGFL (80) =
g

[lbm/sec]. No default. Used only on restart cases when
adding flow links.

C from Equation (C-55) . [-]. Usedonlyif|IDRFTFL|=CDFMFL (80) =

3-6. Default = 1.0.

n f rom Equation (G-54), and (G-58) . [-]. Used only if
EDFMFL (80) =

|IDRFTFL|=3-6. n > 0.0 for |IDRFTFL | = 3,~4 and n >
1.0for|IDRFTFL|=5,6. Default = 2.0.

D, from Equatios (C-56) and (G-60) . [ft]. Used only if
DDEMFL (80) =

_

|IDRFTFL|= 3-6, 8, 9, 11 or 12. No default.

continuous contact flow link diameter for eachDC@NTFL (80) =

flow link. [ft]. Default = 0.0.

ff from Equation (1-9). Used only if IM MF p 0.
FMFlFL (80) =

Default = 0.5.

f from Equation (I-10) . Used only if IMWMF p 0.FMFJFL (80) =

Default = 0.5.
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f from Equation 3 (1-9) cnd (I-10). Umd only ifENFPFL (80) =
'

IM9MF p 0. Default = 0.5.

f f rom Equations (1-9) and (I-10) . Used only ifFMFQFL (80) =

IHWMF = 0. Default = 0.5.

flowareatobeusedtoobtainG=fforeachflowlink.ADFMFL (80) =

No default.

flag for swirl vane modelISVMeDL =

1 = swirl vane model described in Appendix J, pages
N.

J-2 through J-5

? = swirl vane model described in Appendix J, pages

J-l and J-2

Default = 1

number of tube rows in crossflow for each flow link.ANRCFL (80) =

ANRCFL(80) > 0.0. Used only if IFRICFL array = 5.

No default. -

.

')number of sealing strips for each flow link. Used onlyANSFL (80) =

if IFRICFL array = 5. ANSFL(80) > 0.0. Default = 0.0.

effective number of tubes in the U-bend region for eachANUBCFL (80) =

flow link. Used only if IFRICFL array = 6. Default =

0.0.

R - 2.5 D

NOTE: Recommend where R is the maximum
,

2 C.P.)P b
tube

outside radius of the U-bend. D is the outer
a

diameter of the tubes. C.P. is the pitch correc- j

tion and is equal to 1.0 for .k square pitch and
0.866 for a triangular pitch. P is the tube

pitch.

inner diameter, D , of tubes for each flow link. [ft].DIFL (80) = g

Used only if IFRICFL array = 3. No default.

i
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outer diameter, D,, of tubes for each flow link. [ft].DdFL (80) = ,

Used only if IFRICFL array = 5 or 6. No default.
.

fraction of crossflow area in the bund'.e-to-wrapper by-FBPFL (80) =

pass for each flow link. Used only if IFRICFL array =
5. Default = 0.0.

/

f tubes for each flow link. [ft].tube pitch, Ptube,PITCHFL (80) =

Used only if IFRICFL array = 2 or 6. No default.

/

C from Appendix M. Default = 0.9.C9N1FL =
y

C fr m Appendix M. Default = 1.0.C N2FL =
2

C from Appendix M. Default = 0.47.C6N3FL =
3

C from Appendix M. Default = 1.0.CON 4FL =
4
C fr m Appendix M. Def ault = 1.0.CON 5FL =

5
C r m Appendix M. [ psi]. Default = 10.0.C N6FL =

6

flag for drift velocity model for each flow link. SeeIDRFTFL (80) =

Appendix G. Positive if upward direction is same as
( defined flow link direction. Negative otherwise.(

no drift, i.e., <<Vg>> = 0.0 =

Zuber correlation limited by flooding. Uses flux-weighted,1+ =

void fraction approach. See Equations (G-50)-(G-53) .

same model as IDRFTFN=1 except uses void propagation ap-_2+ =

*proach.
general bubbly flow correlation. Uses flux-weighted void13 =

fraction approach. See Equstions (G-54)-(G-57).
same model as IDRFTFN=3 except uses void propagation ap-+4 =

( proach.
general droplet flow correlation. Uses flux-weighted void15 =

fraction approach. See Equations (G-58)-(G-60).
same model as IDRFTFN=5 except uses void propagation ap-16 =

/ proach.

" standard vertical flow" model. Uses+7 =

void propagation approach.
"non-quenched core vertical flow" model.18 =

\ Uses void propagation approach.
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"qu;nch:d cera vsrticci flow" modal.19 =

Uses void propagation approach.
<

" accumulator bypass vertical flow" model.1,10 =
'

Uses void propagation approach.
'

improved version of TRAC-P1 horizontal flow model. Usesi,11 =

void propagation approach.
improved version of TRAC-P1 vertical flow model. Uses1,12 =

'Tvoid propagation approach.
simplified Yeh correlation. See Equations (G-83)-(G-86).2,13 =

Default = 0.

flag for distribution parameter model for each flow link. 'N
ISLIPFL (80) =

)
See Appendix G. Use.d only if IDRFTFL(80)=0.

no slip (C,=1).
'

0 =

modified Armand correlation (see Equations (G-40)-(G-47)).1 =

GEND correlation (see Equations (G-48)-(G-49) .2 =

Default = 0.

flag for internally-calculated friction loss model for -

IFRICFL (60) =

each non-critical or pseudo-steady state critical flow
link.

no internally-calculated friction losses.0 =

TRANFLO-type regular connector.1 =

TRANFLO-type tube bundle crossflow.2 =

inside of tubes.3 =

parallel flow on secondary side of steam generator tubes.4 =

crossflow on secondary side of steam generator tubes.5 =

crossflow in the U-bend region.6 =

. Default = 0.
.

SHLINKS

flag for heat link typeITYPEHL (80) =

non-critical heat link with internally calculated heat1 =

)transfer

non-critical heat link with input overall heat transfer2 =

~

coefficient.

non-critical heat link with input overall heat transfer3 =

coefficient modified by mixture height j

)
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same as 1 except that for condensation a ucar-supplicd4 =
4

heat transfer coefficient is used
same as 4 except that for condensation in a saturated5 =

stratified fluid node, the user-supplied heat transfer
coef ficient is used only above the stack mixture ele-

vation

same as 4 except thet for condensation in a saturated6 =

fluid node, the user-supplied heat trar.sfer coefficient
is used only below the stack mixture elevation

critical heat link-1 =
-

no heat link.0 =
.

There are no restrictions on the ordering of heat link types.Note:

. flag for heat link type. Used only if 11YPEHL = 1,4,5.LTHL (80) =

1 = inside of tube
2 = outside of tube, parallel f.'.ow
3 = outside of tube, crossflow

(
No default.

Fluid node ifupstream node for each heat link.IJUHL (80) =

positive. Metal node if negative. No default.

downstream node for each heat link. Fluid node ifIJDHL (80) =

positive. Metal node if negative. No default.

*heat transfer area, A, for each non-critical heat link.AHL (80) =

[ft 3. No default.

baffle leakage correction factor, c..C HL (80) =
,

Used only if ITYPEHL = 1,4,5. P.uault = 1.0.
+

effective flow area, A. [ft]. Used only if ITYPEHL =AFLHL (80) =

1,4,5. No default.

.
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cffectiva equiv21cnt diamatar, D,. [ft]. UOcd only if
DEFLHL (80) =

'

ITYPEHL = 1,4,5. No default.

void fraction where heat transfer regime changesVFCFCV =

from possible saturated forced convection to possible
forced convection vaporization. Default = 0.90.

coef ficient used in Jens-Lottes heat transferAKJL =

correlation. See Equation (6-28). Deafult = 0.87.

coefficient used in Thom heat transfer correlation.AKT =

See Equation (6-28) . Default =0.072.'

flag to indicate nucleate boiling heat transferKSNB =

correlation

1 = Thom correlation
2 = Jens-Lc;tes correlation

Default = 1.
.

exponenet on Reynolds number for outside-of-tube cross-A0TCFHL (80) =

flow heat transfer coefficient correlation. .[-3. See ,)

Equation (6-23) . Used only if ITYPEHL = 1,4,5 and LTHL=3.

No default.
~

2
NOTE: Recommend 0.232 + 0.4347 - 0.1173 where X = tube

X X

pitch / tube outside diameter.
i

multiplier on outside-of-tube crossflow heat transfer co-' COTCFHL (80) =

efficient correlation. [-3. See Equation (6-23). Used

only if ITYPEHL = 1,4,5 and LTHL = 3. g

-

NOTE: Recommend 1.886 - 1.84 + 0.512
'12

.

X X

[*F/(Btu /sec-ft)]. Used onlyfouling factor, RF@ULFHL (80) =
f 7

if ITYPEHL = 1,4,5. Default = 0.0. }

overall heat transfer coefficient for each non-criticalUHL (80) =

heat link. [ Btu /sec-ft *F]. Used only if ITYPEHL = 2

or 3. No default. i
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$C NEQNS
number of control differential equations. If input as ,

NCDE =

non-zero, NCDE is set to 14. Default = 0.

interior fluid node number downstream of throttleIDTVW =

valve for feedwater valve controller. Used only if

NCDE f O. No deEault.

flow link number for feedwater flow measurementKFWPW =

for feedwater valve controller. Used o>ly if

NCDE / 0. No default.

flow link number for steam flow measurement forKSGPW =

feedwater valve controller.: Used only if NCDE f

0. No default.

= T [sec]. t > 0.0. Used only if NCDE fN
TL1W

0. No default.

K (lbm/sec-% span). K > 0.0. Used only ifCPlW =
p p _

NCDE / 0. No default.

= T [sec]. t > 0.0. Used only if NCDE fN
TIlW

0. No default.

r [% lif t/ (ibm /sec)]. K > 0.0. Used onlyCP2W = p _

if NCDE / 0. No default.

= r (sec]. t > 0.0. Used only if NCDETI2W
,

k / 0. No default.

= w (sec ] w > 0.0. Used only if NCDE~

WMNW

/ 0. No default.

= p I~l A > O'.0. Used only if NCDE / 0.R$NW n n
No default.
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int:rier fluid nrda numb;r down tr:am of thrsttloIDTVIV =

valve f:r throttlo vcive centrolicr. Us;d caly if
4

NCDE / 0. No default.
w

flow link number for throttle valve. Used only ifKTV =

NCDE p 0. No default.

K [% lif t/Mwth]. K "p _ Used only if> 0.0.CPITV = ,

NCDE / 0. No default.

t (sec]. t > 0.0. Used only if NCDE /TIITV =

0. No default. )

= w [sec~ ]. m > 0.0. Ueed only if NCDE$MNTV _

/ 0. No default.

R6NTV p, [-). p > 0.0. Used only if NCDE /=
_

0. No default.

fluid node number for mixed heater temperatureIHLAPH =

measurement for primary water heater controller.

Used only if NCDE p 0. No default.

.

fluid node number for heater exit temperatureIHWAPH =

measurement for primary water heater controller.
Used only if NCDE / 0. No default.*

N > 0.0. Used only if NCDE /= T [sec]. TTCPH
C C

0. No default.

H [% setting /*F] K > 0.0. Used only ifCPPH =

NCDE / 0. No default.

'H [sec]. t > 0.0. Used only if NCDE /TIPH = t y7

0. No default.

P= T [sec). t > 0.0. Used only if NCDE pTDPH
D D ,

O. No default. )
B-20
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H > 0.0. Used only if NCDE / -'

TAPH y (sec]. r=

O. No default.
|

initial values of the 14 control variables. SeeZ (14) =

Equations (K-27) - (K-40). Used only if NCDE / 0.
No default.

1

$ PUMPS

flag for pump homologous curve type for each pump type.ITYPEP (4) =

/ 0= no pump.

1= pump homologous curve type 1.

2= pump homologous curve type 2.

3= pump homologous curve type 3. .

4- pump homologous curve type 4.

Default = 0.

point of application for each pump type. The sign isKFLP (4) =

positive if the pump type is applied in the same direc-
tion as the flow link is defined. It is negative

(
otherwise. The absolute value is the flow link at which
the pump i.7pe is applied. If ITYPEFL of the specified

flow link is 0, 2, or 3 then the pump type is not ap-
plied. No default.

number of pumps at the point of application for eachNPUMPSP (4) =

pump type. Default = 0.

pump inlet flow area per g for each pump type.( AINP (4) =

(ft]. No default.

pump outlet flow area per m for each pump type.AWUTP (4) =

( [ft ]. No default.

moment of inertia per pump, I , for each pump type.PMWMIP (4) = p
2[1ba ft ]. No default.
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pump friction tcrque coefficient per g , P , fcr ccchPlP (4) =

pump type. [ft-lbf]. No default.

pump windage torque coefficient per pump, P , f r eachP2P (4) = 2

pump type. [ft-lbf]. No default.

pump speed, N, for each pump type. [ rpm]. No default.ENP (4) =

l

flag for pump head and torque density models.IFL CP (4) =

I 1= pump head equivalent density model; pump torque inlet
|

|
density model.

2= pump head inlet density model; pump torque equivalent
density model. (Not currently available).

I 3= pump head inlet density model; pump corque inlet den-
sity model.

4= pump head equivalent density model; pump torque density
model uses 1/2 (inlet density + pump head equivalent

density).

maximum allowable number of iterations for pump criticalNWMAX =

flow calculation. NWMAX > 1. Default = 100. )

maximum allowable fractional error (relative to donorEPSP =

presstire) in the discharge pressure for the critical
flow calculation and the discharge pressure calculation.

EPSP > 0.0. Default = 0.01.

I
Thoma constant. Default = 0.05997601439 - .

TH MACC =
/278

rated speed, N , f r each pump homologous curve type. j
ENR (4) =

R
[ rpm]. No default.

rated flow, Q , f r en h pump homologous curve type.QR (4) =
R

[gpm]. No default.

rated density, pR, f r each pump homologous curve type.RHWR (4) =

[1bm/f t 3. No default.
/
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rated head, H e f I **ch pump homologous curve type. ,HEDR (4) =
R

[ft]. No default.

rated torque, T , f r es h pump homologous curve type.T9RKR (4) =
R

[ft-lbf]. No default.

rated net positive suction head, NPSH , f r each pumpPSHR (4) R=

homologous curve type. [ft]. No default.

number of points (including both end points) on theNHVPF (4) =

HVPF curve for each homologous curve type. (See Figure

B-1). No default but the code will force 2 1 NHVPF(I)

1 21.

independent variables a/v for each point of the HVPFVPFH (21,4) =

curve for each homologous curve type. (See Figure B-1.)

They must be in ascending order from - 1.0 ,t_o 1.0. Noo

default but the code will force VPFH(1,I) = - 1.0 and

- VPFH(NHVPF(I),I) = 1.0.

dependent variables h/v for each point of the HVPFHVPF (21,4) =

curve for each homologous curve type. (See Figure B-1.)

No default but the code will force HVPF(NHVPF(I),I) =

HAPS (1,I).

number of points (including both end points) on theNHAPS (4) =

HAPS curve for each homologous curve type. (See Figure

B-1.) No default but the code will force 2 5 NHAPS(I)

S 21.'

independent variables v/a for each point of the HAPSAPSH (21,4) =

curve for each homologous curve type. (See Figure B-1.)

They must be in descending order from 1.0_ ,t_o, - 1.0.o No

default but the code will force APSH(1,I) = 1.0 and
APSH(NHAPS(I),I) = - 1.0.

B-23
.

.- - - -



..

'
. .

h h.

emt6.a 7 a ga .

5%FMi :".) ..y 4,g.. S

= -l.3

3M NP(.f,D ,fli"M214 4,n ... Atrir.tCt anr Ave es-- i-- 3N.

FUM G, x R 7500 4P*.1 *

I
a,yA TPCC0 Nga !!'iS AA'd s

HEAD Hg = D3.1 97. )
'

-.

3.0T *

|
_ .

2. s --

- un.'p(;t,4
> HMQ,1) . -

I n.c..hAS 'n,-
.

#y, h % wMu,:) -
An su o.4 .

hyf . - ='ut *

- I0~ l
,

/hPFdH 21.1)'
o.5 - *

-

.r!.o ,;n.e.

..

' - .: 4.''r..
.,_ . # es 2r ..

- e.c - e.4 A':E - o.1 0:4 e, o;f .'; :/ c<

/ ~

s $
.

i .o c .

'i

~

&,f/
. /s *9< f[/ / -. c _

a> / /.. - . .

i i

+f
i 'h y=QAh

. \ . s .7,f #
m = N Ma .

'
j

73. h = H/H| f g
(

,

.

-2.s-
. sw.v,n V P F H = w h > h p sin a b (.')

'
-

''' *FL 's ) { '- HVPP1h/y2 %. assims lu (y) );-
3,o s

| ANIHC'f.d APIH = T/A .:x hvibe.yed s'd -

z.t FW(l. .) H4*S * b * P "I' * 7 **'
*

-3. 5~ q
- f.0 VNF H = 2 h/ 'g ,,s,4%. At a (~4t,

'
4,o .H'NF = h/VA M gut,ve Jtea (7).

*

AN?H = 7/x ax dpme. :r**!(cd '

H AeNS = h/C>.#-M mepts,e eg.Mcd. }, e. ..

| '

T P cal Headhicne-Speed Homologous " CurvesY iFIGURE B-1

J.

B-24 ~

.

_ _ _ _ _



dependent variable h/a for each point of the HAPS curveHAPS (21,4) = ,

for each homologous curve type. (See Figure B-1). No

default but the code will force HAPS (1,I) = 1.0 and
HAPS (NHAPS(I) ,1) = HVNF(1,I) .

number of points (including both and points) on the HVNFNHVNF (4) =

curve for each homologous curve type. (See Figure B-1.)

No default but the code will force 21 NHVNF(I) 121.

independent variables a/v for each point of the HVNFVNFH (21,4) =

curve for each homologous curve type. (See Figure B-1).

They must be in ascending order from - 1.0 g 1.0. No

default but the code will force VNFH(1,I) = - 1.0 and
VNFH(NHVNF(I),1) = 1.0.

.

dependent variables h/v for each point of the HVNF curveHVNF (21,4) =

for each homologous curve type. (See Figure B-1). No

default but the code will force HVNF(NHVNF(I),I) =

HANS (1,1) .(
\

number of points (including both end points) on theNHANS (4) =

HANS curve for each homologous curve type. (See Figure

B-1.) No default but the code will force 21 NHANS(I)

1 21.

:

independent variable v/a for each point of the HANSANSH (21,4) =

curve for each homologous curve type. (See Figure B-1.)

They must be in descending order from 1.0 g - 1.0. No

\ default but the code will force ANSH(1,1) = 1.0 and
.

ANSH(NHANS(I),1) = - 1.0.

2
dependent variables h/a for each point of the HANSHANS (21,4) =

~ curve for each homologous curve type. (See Figure B-1.)

No default but the code will force HANS(NHANS(I),I) =

HYPF(1,1).

(
.

O
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number of points (including both end points) on the BVPFNBVFF (4) =
,,

curve for each homologous curve type. (See Figure B-2) .

No default but the code will force 2 $ NBVPF(I) 121.
'

independant variables a/v for each point of the BVPFVPFB (21,4) =

curve for each homologous curve type. (See Figure B-2).

}They must be in ascending order from - 1.0 g 1.0. No |

default but the code will force VPFB(1,1) = - 1.0 and

VPFB(NBVPF(I),I) = 1.0

dependent variables S/v for each point of the BVPF SBVPF (21,4) =

curve for each homologous curve type. (See Figure B-2.)
No default but the code will force BVPF(NBVPF(I),I) =-

BAPS(1,I).

number of points (including both end points) on the BAPSNBAPS (4) =

curve for each homologous curve type. (See Figure B-2).

No default but the code will 'orce 2 1 NBAPS(I) $ 1.2'

independent variables v/a fe,r each point of the BAPS )APS3 (21,4) =
J

curve for each homologous curve type. (See Figure B-2).

They must be in descending order from 1.0 to - 1.0. No

default but the code will force APSB(1,I) = 1.0 and
APSB(NBAPS(I) ,I) = - 1.0.

dependent variables S/a for each point of the BAPSBAPS (21,4) =
;

| curve for each homologous curve type. (See Figure B-2).

No default but the code will force BAPS(1,I) = 1.0 and
BAPS(NBAPS(I),I) = BVNF(1,I) .

|
number of points (including both end points) on theNBVNF (4) =

BVNF curve for each homologous curve type. (See Figure

B-2.) . No default but the code will force 2 1 NBVNF(I)
21 1.

independent variables a/v for each point of the BVNFVNFB (21,4) =

J
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curva far each homolts:us curva type. (See Figura B-2).

They must be in ascending order from - 1.0 g 1.0. No

default but the code will force VNFB(1,I) = - 1.0 and

VNFB(NEVNF(I),I) = 1.0.

dependent variables S/v for each point of the BVNF curveBVNF (21,4) =

for each homologous curve type. (See Figure B-2). No
'

default but the code will force BVNF(NBVNF(I),1) = BANS (1,I) .

number of points (including both and points) on the BANSNBANS (4) =

curve for each homologous curve type. (See Figure B-2).

No default but the code will force 21 NBANS(I) 121.
'

.

independent variables v/a for each point of the BANSANSB (21,4) =

curve for each homologous curve type. (See Figure B-2).

They must be in descending order from 1.0 to, - 1.0. No

default but the code will force ANSB(1,1) = 1.0 and

ANSB(NBANS(I),I) = - 1.0.

2dependent variables 8/a for each point of the BANSBANS (21,4) =
T

curve for each homologous curve typ,. (See Figure B-2). /

No default but the code will force BANS (NBANS(I),1) =

BVPF(1,1).

number of points (including both end points) on the BVPFNSVPF (4) =

curve for each homologous curve type. (See Figure B-3).

No default but the code will force 21 NSVPF(I) 121.

independent variables a/v fo'r each point of the SVPFVPFS (21,4) = s

curve for each homologous curve type. (See Figure B-3). )
They must be in ascending order from - 1.0 g 1.0. No

default but the code will force VPFS(1,1) = - 1.0 and
VPFS(NSVPF(I),I) = 1.0.

dependent variables h/v for each point of the SVPFSVPF (21,4) =

curve for each homologous curve type. (See Figure B-3).

J
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Na d: fruit but the csd3 will f;rca SVPF(NSVPF(I),I) ='

SAPS (1,1). .

.

|

~.

number of points (including both and points) on the SAPSNSAPS (4) =

curve for each homologous curve type. (See Figure B-3).

No default but the code will force 21 NSAPS(I) 121.
s

independent variables v/a for each point of the SAPSAPSB (21,4) =

curve for each homologous curve type. (See Figurs B-3).

They must be in descending order from 1.0 to - 1.0. No
]

default but the code will force APSS(1,1) = 1.0 and - )
I APSS(NSAPS(I) ,I) = - 1.0.

1

dependent variable h/a for each point of the SAPS curve ;SAPS (21,4) =

for each homologous curve type. (See Figure B-3.) No

default but the code will force SAPS (1,1) = 1.0 and

SAPS (NSAPS(I),I) = SVNF(1,IO) .

'

number of points (including-both end points) on theNSVNF (4) =

SVNF curve for each homologous curve type. (See Figure .

B-3). No default but the code will force 2 1 NSVNF(I)

1 21.
I

independent variables a/v for each point of the SVNFVNFS (21,4) =

curve for each homologous curve type. (See Figure B-3).

They must be in ascending order from - 1.0 t_o,1.0. Noo

default but the code will force VNFS(1,I) = - 1.0 and

VNFS(NSVNF(I),I) = 1.0.

'

dependent variables h/v for each point of the BVNFSVNF (21,4) =

curve for each homologous curve type. (See Figure B-3).
No default but the code will force SVNF(NSVNF(I),I) =

SANS(1,I).

|
number of points (including both end points) on the

| NSANS (4) =

| SANS curvc for each homologous curve type. (See Figure

i
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B-3). No default but th3 code will frrea 2 < NSANS(I)
<., 21.<

independer.t variables v/a for each point of the SANSANSS (21,4) =

curve for each homologous curve type. (See Figure B-3).

They must b2 in descending order from 1.0 to - 1.0. No

default but the code will force ANSS(1,I) = 1.0 and
ANSS(NSANS(I),1) = - 1.0.

dependentvariableshha for each point of the SANSSANS (21,4) =

curve for each homologous curve type. (See Figure B-3).r
No default but the code will force SANS(NSANS(I),I) =

HVPS(1,1).

$ MISC

output editing flag. IEDIT > 0. Larger valuesIEDIT =
_

obtain more output. Default = 1.

.

Note: For full output, use IEDIT = $.

flow link representing swirl vane inlet. Used only
| KSVI =

if ITYPEFL (KSVI).p O'. No default.

Warning: Flow link KSVI must be defined such that the positive

directica is toward swirl vane. If not, the results

will be meaningless.

flow link representing swirl vane outlet. UsedKSV6 =
,

\ only if ITYPEFL (KSV@) / 0. No default
--

_
._ . . . .

Warning: Flow link KSV6 must be defined such that the positive
di:ection is away from swirl vane. If no t, the results

- will be meaningless.

flow link representing swirl vane drain. Used onlyKSVD =

if ITYPEFL (KSVD) / 0. No default.

B-31
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|
|

W rninst Flow link KSVD aust b3 d3 fined cuch that th] po itive
direction is away from swirl vane. If not, the results '|

will be meaningless. |
'

|

|

|

swirl vane fractional efficiency. [-]. Used only |SV =

if ITYPEFL (KSVW) / 0 or ITYPEFL (KSVD) p 0. No

default. 'i |
*1

|
inside radius of swirl vane housing. [ft). UsedRISV =

only if ITYPEFL (KSVD) / 0. RISV > 0.0. No ;

default, h |
'

|

R$SV outside radius of swirl vane housing. [ft]. Used=

only if ITYPEFL (KSVD) / 0. R$SV > 0.0. No

default.

can 8 where S is the angle of the swirl vaneTANBSV =

blades with the vertical. [-]. Used only if

ITYPEFL (KSVD) = 9. No default. -

. .

VFCSVD from Appendix J. [-]. Used only if ITYPEFL ~

VFCSVD =

(KSVD) / 0 AND ISVMWDL = 2. No default.
,

flow link representing peerless separator drain.KPSD =

Used only if ITYPEFL (KPSD) / 0. No default.

Warning: Flow link KPSD must be defined such that the positive

direction is away from peerless separator. If not, the

results will be meaningless. }
critical void fraction for peerless separator drain.VFCPSD =

[-]. Used only if ITYPEFL (KPSD) / 0. No default.

number of primary water heater boundary metal nodes.
-

NPHCN =

1 < NPHGN < 5. Used only if NCDE p 0. No

.
de fault.

t

!

}
l
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boundary metal node number of each primary waterJPHGN (5) .=

heater boundary metal node. Used only if NCDE p

0 and ITYPEMN (JPHGN(I)) < 0. No default.

A from Equation (4-3). [*F]. Used only ifAPHGN (5) =

NCDE p 0 and ITYPEMN (JPHGN(I)) < 0. No default.
i

H
B from Equation (4-3). ['F/% setting]. UsedBPHCN (5) =

only if NCDE p 0 and ITYPEMN (JPHGN(I)) < 0. No

default.

t

2
acceleration due to gravity. [ft/sec ]. DefaultGRAV =

= 32.174.

minimum all wable time step. [sec]. No default.DELTMIN =

maximum allowable time step. [sec]. No default.DELIMAX =

maximum allowable number of time steps. Default = 0.NSTEPS =

C.. number of fixed output edit times. O < NFPRINTNFPRINT =

< 100. Default = 0.
.

maximum number of time steps between output editing.NSPRINT =

Ignore if 0. NSPRINT > 0. Default = 0.

maximum time interval between output editing.TIPRINT =

Ignore if 0.0. TIPRINT > 0.0. Default = 0.0.

k TFPRINT (100) = fixed output edit times. [sec]. Only the first

NFPRINT of these are used. No default.

maximum time. [sec]. Default = 0.0.TIMEMAX =

fractionfor|aU/U|,|aU! ! '# sm t ness"
EPC9FN

= 'O 0
criteria for cutting or expending time step. See

%

O
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Equations (10-1), (10-2), (10-4), and (10-5). EPCWFN>
.

0.0. Default = 0.01.

fraction for |AU /U| and % y/M| " smoothness" criteriaEPClFN = y
for cutting or expanding time step. EPClFN>0.0. See
Equations (10-3) and (10-6). Default = 0.001.

fraction for | AP/P| " smoothness" criterion for=
EPCPFN

cutting or expanding time step. See Equation (10-7).

EPCPFN > 0.0. Default = 0.01.

fraction for | AT,,t,y/Tmetal( } "** "***"
=

EPCTMN Seecriterion for cutting or expanding time stsp.
Equation (10-8) . EPCTMN > 0.0. Default = 0.01.

fraction of current time step above which time stepFRACCUT =

will not be cut. See Section 10. 0.0 < FRACCUT

< l.0. Default = 0.8.

multiplier on time step below which time step willFRACEXP =
'

not be expanded. See Section 10. 2.0 < FRACEXP.

Default = 2.0. .

i

matrix inversion flag. If IINVERT = 1, use Gaussian
IINVERT =

elimination. If IINVERT = 2, use block inversion.
If IINVERT = 0, the code decides which method to use.

Default = 0.
~

|

pressure at which taps for water level measurementPLEV =

were calibrated. [ psia]. Default = 1000.0.
'

flag to indicate whether or not a level calculationILEV =

is desired
0 = no level calculation made if NCDE = 0 also
1 = level calculated
Default = 0.

'
.
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fluid node number for lower try fsr wat'ar inval measure-ILTLEV =

ment for feedwater valve controller. Used only if ILEY p
~'

0 or NCDE p 0. No default.
.

fluid node number for upper tap.for water level measure-IUTLEV =

ment for feedwater valve controller. Used only if ILEVp

0 or NCDC / 0. No default.

elavation in fluid node ILTLEV of lower tap for waterELTLEV =

level measurement for feedwater valve controller. [ft].
Used only if ILEV / 0 or NCDC p 0. No default.

elevation in fluid node IUTLEV of upper tap for waterEUTLEV =

level measurement for feedwater valve controller. [ft].
Used only if ILEV p 0 or NCDC / 0. No default.

V$T9VT from Appendix J. Used only if ITYPEFL (KSVW) p 0VOTWVT =

or ITYPEGFL (KSVD) p 0 and ISVMWDL = 1. No default.

fraction of total job time (as defined on job card)TFRAC =

( to be used for NGTRUMP calculations and intermediate
output and restart writes; remainder of time will

be used for restart write from last time step, edit

of trace variables, and execution of remaining

control card instructions. Default = 0.90.

time. (sec.]. Default = 0.0.TIME =

time at which to start computing time integrals ofTIMEINT =

various quantities. [sec]. If TINIINT > TIME, these'

,

integrals are re-initialized to 0.0.

node stacking and mixture level tracking model flag.ISTACK =

( Model not used if = 0. Model used if f 0. Default = 0.

A from Appendix G. Default - 1.41.AP =
p

m from Appendix G. Default = 0.7.AM =

-
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Defcult = 3.2.g from App:ndix G.AKl -

.

Default = 10.0.
AK2 g from Appendix C,=

flag for LOCTA cape option. Default = 0.IL CTA =

LWCTA tape written after time is greater than TSLWCTA.IL@CTA /0 :

On a restart case, values from old L6. 3 tape for time
greater than TSL@CTA are first written to new L CTA

cape.
'

;

IL@CTA = 0 : No LWCTA tape written.

time after which LWCTA tape information is to be writtenTSLWCTA =

onto tape NL UT. Default = 0.0.

time after which LWCTA tape information is to be writtenTPL@CTA =

to UTPUT. Default = 0.0. ,

maximum number of time steps between L9CTA cape writes. ]NSL CTA =

#
Ignore if 0. Default = 0.

maximum time interval between L CTA cape writes. IgnoreTILWCTA =

if 0.0. Default = 0.0. .

number of tape from which LWCTA cape information is toNLIN =

be read on a restart case. Default = 18.

number of tape onto which LWCTA tape information is toNL UT =

be written. Default = 19.

convergence criterion for accumulator interior fluid nodeDPACCUM =

iterative pressure calculation. Iteration stops if the N

magnitude of the difference between the last two pressure
iterates is less than DPACCUM. [ psi]. Default = 0.1.

maximum number of iterations for accumulator interiorNIACCUM =

/

B-36
-

t

_ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _



I

fluid node iterative pressure calculation. Default = 100. -

flag for time step selection methodIDELT =

0 = original time step selection method

1 = Alexander Celman's time step selection method
Default = 0.

/

desired relative accuracy, c, for Alexander Gelman's timeEPSISET =

step selection method. [-}. (See Appendix 5) Used only
if IDELT = 1. Default = 0.05.

/

$ TRACES

flag for inputing trace variables.ITRACE =

ITRACE > 0.: Input NTRACE trace variables

ITRACE 1 0 : Input NTRACE trace variables only for a non-
restart case, i.e., IRSTRT = 0.

Default = 0.

{~
step number af ter which trace information is to beJSTRACE =-

' written onto tape NTOUT. Default = 0.

step number after which trace information is to be writ-JPTRACE =

ten to WUTPUT. Default = 0.

number of variables to be traced through a runNTRACE =

01 NTuCE 1100. Default = 0.

maximum number of time steps between trace writes.NSTRACE =
,

i
Ignore if 0. Default = 0.'

maximum time interval between trace writes.TITRACE =

Ignore if 0.0. Default = 0.0.'

number of tape from which trace information is toNTIN =

be read on a restart run. Default = 9.

_
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number of tape onto which trace information is to ,=NI OT
be written. Default = 10.

.

6

e

.

)

)
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TRACE VARIABLES

If IRSIRT = 0 or ITRACE > 0, then NTRACE trace variables must be supplied.

These are punched one variable or array name per card, left-justified in
Columns 1-7 with the desired subscript punched right-justified in Columns

8-10. (For a non-array variable, a 1 should be punched in Column 10.) A
list of allowable trace variables follows. The numbers in parentheses are
the dimensions of the arrays,

f

DELT t Time step size, at . [sec].

3(hW)
for each flow link k. [ Btu /lbm].DHWFL (80) :

39k ,

Friction pressure drop in Equation (2-8), i.e., - C |w |w 'DPFFL (80) : k k k
for each non-critical flow link k. [ psi].

( DPMFFL (80) : Momentum flux pressure drop in Equation (2-8), i.e., CMFEFLk+

CMFPF( + CMFQF( , for each non-critical flow link k. [ psi].

Total pressure drop in Equation (2-8), i.e. , PUF( - PDg +DFT$TFL (80) :

DK g + DPFF( + DPMFF( , for each non-critical flow link k.
[ psi].

[*F].
- T (n) f r each non-critical heat link n.DTHL (80) : T dg,)

\

Mixture elevation, (Eg) , for each interior fluid node.EMIXFN (80) :

[ f t] .

Mixture elevation of the stack of interior fluid nodes toEMIXSFN (80) :

which a given interior node belongs for each interior fluid
node. [f t3. If the fluid node does not belong to a stack
or if ISTACK = 0, it is simply the mixture elevation in the

node itself.

.
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ENP (4) : Pump speed for each pump type (rpm).

HHL (80) : Overall heat transfer coefficient for each non-critical heat

link. [(Btu /ft sec)/ F].

HP (2,4) : Pump inlet and outlet enthalpies for er .h pump type [ Btu /lbm]
s

HTP (3,4) : Pump head, torque and net positive suction head (NPSH) for
each pump type [ft, ft-lbf, and ft).

HWFL (80) : Total energy flow rate , (hW)k, f r each flow link k. ~
3

[ Btu /sec].

HWFLI (80) : Time integral of the energy flow rate (hW), from time TIMEINT
to TIME fo: sach flow link k. [ Btu].

IQHL (80) : Flag for heat transfer regime for each non-critical heat
link.

. 1 = subcooled.(or saturated) forced convection, (SCFC).
2 = subcooled (or saturated) nucleat boiling, (NB). -

3 = forced convection vaporization, (FCV).
4 = transition boiling, (TB).

5 = film boiling, (FB).
~

6 = superheated forced convection (SHFC).
7 = no heat transfer regime since input heat transfer coef-

ficients used.

8 = subcooled (or saturated) natural convection, (SCNC).
9 = superheated natural convection, (SENC).

10 = saturated condensation, (SC). 1

,)11 = superheated condensation, (SHC).

Flag far thermodynamic state for each fluid node.ISFN (80) :

-1 = subcooled.
0 = saturated. _

1 = superheated.
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Flag for node stacking and mi::ture level tracking model for
^

ISTAKFN (80) :
,

each interior fluid node.
1 = interior fluid node belongs to a stack and contains a

mixture elevation.
-1 = interior fluid node belongs to a stack but does not con-

tain a mixture elevation.
7

0 = interior fluid nodes does not belong to a stack. .

ISTEP : time step number.

1

Critical pressure for choking in each pump type (psia].PCRITP (4) :

Downstream pressure for each flow link [ psia].PDFL (80) :

PPN (80) : Pressure for each fluid node. [ psia].

Pump inlet and outlet prssures for each pump. [ psia).
PP (2,4) :

Upstream pressure for each flow link [ psia].PUFL (80) :

QFLUXHL (80) : Heat flux for each non-critical heat link. [ Btu /ft sec].
.

QHL (80) : Heat rate Q for each heat link n. [ Btu /sec].

Time integral of the heat rate ( from time TIMEINT to TIMEQHLI (80) :

for each heat link n. [ Btu].

RH9T (4) : Torque density for each pump type. [lbm/ft ].
,

\

Mach number for each flow link k. [-]. Available only if
RMACHFL (80) :

IM$MF p 0 for non-critical flow links.

Saturated liquid specific enthalpy (h )g for each fluidSHFFN (80) : g

node i. [Bta/lbm].

SHFN (80) : Specific enthalpy h for each fluid node 1. [ Btu /lbm].g

B-41
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Saturcted v:psr cp:cific cnth 1py (h )g for cat.h fluid nodsSHGFN (80) :

i. [ Btu /lbm].
*

Saturated liquid specific volume (v )1 for each fluid node 1.SVFFN (80) : g

[fc/1bm].

SVFL (80) : Specific volume v f r each flow link k. [ft/lbm].k

SVFN (80) : Specific volume v for each fluid node 1. [ft /lbm].g

Saturated vapor specific volume (v )1 for each fluid node 1. ~TSVGFN (80) :

[ft /lbm].

SVMFN (80) : Specific volume.of the mixture, (vg ) , for each interior
fluid node. [ft /lbm].

TD TMN (80) : T for each interior metal node 1. [*F/sec].

TFN (80) : Temperature, T , for each fluid node 1. [*F].
1

2

TIME : Time. [sec].
.

TMBFN (80) : Mass of bubbles in mixt'ure, (M )1, for each interior fluid
node. [1bm].

TMCPMN (80) : Mass times heat capacity, (MC )1, for each interior metal
node. [ Btu /*F].

TMD@TFN (80) : M for each interior fluid node 1. [1bm/sec]. j

Liquid mass, (M )g, for each interior fluid node 1. [1bm].TMFFN (80) : g

TMFN (80) : Total mass, M , for each interior fluid node 1. [1bm].g

TMGFN (80) : Vapor mass, (M )g, for each interior fluid node 1. [1bm].

J
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INN (80) : Temperature, T , for each metal node 1. ['F].
g

TSATFN (80) : Saturation temperature, (T,,g)g, for each fluid node 1. [*F].

UDWTFN (80) : U for each interior fluid node 1. [ Btu /sec].

Total internal energy, U , for each interior fluid node 1.UFN (80) : g

j [ Btu].

Void fraction, g , for each flow link k. [-3I VFFL (80) :

VFFN (80) : Void fraction, a , for each fluid node 1. [-3g

| VTMFN (80) : Void fraction of the mixture, (a,1,) g for each interior ' fluid
node 1. [-].

VMFN (80) : Volume of the mixture, (Vg )g, for each interior fluid node
1. [ft].

(-
Pump inlet and outlet slip specific volumes for each pumpVSP (2,4) :

type. [f t /lbm] .
*

WDdTFL (80) : W f r each non-critical flow link k. [1bm/sec 3
k

!

(W )k, r each flow link k. [1ba/sec].WFFL (80) : Liquid mass flow rate, g
,

Time integral of the liquid mass flow rate (W )k f# " *i**( WFFLI (80) : g

TIMEINT to TIME for each flow link k. [lbm].
,

WFL (80) : Tctal mass flow rate, W , f r each flow link k. [1bm/sec].
k

WFLI (80) : Time integral of the total mass flow rate, W , from time
TIMEINT to TIME for each flow link k. [1bm].

.

B-43
'

.

_ . . _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Vcp:r mass flow rato, (W ) , fcr GEch flor link k. [lbm/ccc].WCFL (80) :

^
Time integral of the vapor mass flow rate (W )k rm timeWGFLI (80) : s
TIMEINT to TIME for each flow link k. [lbm].

Pump maximum allowable flow for each pump type. [lbm/sec]WMAXP (4) :
h ,

Flow quality, X , for each flow link k. [-].XFFL (80) :

Static qualit;, X , for each fluid node 1. [-3XFN (80) : i

XLMLEV : Steara generator level. [% span].

XMFN (80) : Static quality of the mixture, (h)1, for each internal
fluid node 1. [-3

Static quality, x , for each flow link k. [-].*
ISFL (80) :

Control variable y +2I+J+1 see Equations $-30 -(K-M)) forZ (14) : K
each control differential equation 1.

see quat ns (b30-(K-M)) forRight hand side F +21+J+iZDWT (14) : K
each control differential equation 1.

3

)
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APPENDIX C ,,

USER-SUPPLIED EXTERNALS

.

In this appendix, we describe the externals which the user must supply when
running N# TRUMP. Some of these. externals may be obtained from libraries;
some must be written by the user. We shall describe each external's name'

.

at.d argument list, its function, externals which it uses and information
on supplying it. First, however, we describe " generalized user-supplied

externals".

l'
Generalized User-Supplied Externals

This section describes two modifications which together make the user-
supplied externals in N8 TRUMP more powerful while, at the same time,
assuring adequate safeguards against tbsir misuse. The modifications are
(1) value access functions, and (2) a user-supplied common block.

Value Access Functions RVALUE And IVALUE

The purpose ot the value access functions is to give the N6 TRUMP user ac-

C. cess to the values (but not locations) of certain common variables in
N6 TRUMP. Thus, the user has, in a sens, " read only" access to these vari-
ables; he can obtain but not change their value.

The FUNCTION statements in N$ TRUMP which define the two value access
-

functions are:

FUNCTION RVALUE(NAME,INDEX)

I

\ and

FUNCTION IVALUE(NA:iE,1NDEX).

NAME is the name of the variable or array to be accessed. It is used as
a F$RTRAN hollerith constant lef t justified with blank fill. INDEX is
an integer constant or variable which is the subscript used to indicate
the_ element of the array to be accessed. (It should have the value 1 if

\ a variable rather than an array is to be accessed.) RVALUE or IVALUE

C-1 -
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contain the value of the variable or array element whf.ch has been accessed.
RVALUE should be used to access real variables or arrays. IVALUE should

be used for integer variables or arrays.

N TRUMP which are accessible using RVALUE s..dCurrently the variab.'- %

IVALUE are the so-called trace variables. (See Appendix B)

.

We now give several examples of the use of RVALUE and IVALUE. Page D-13
'

contains the user-supplied external CPMETAL(J,TMN) for a NWTRUMP sample

problem. CPMETAL is defined by the single FWRTRAN statement:

CPMETAL = 0.106 + 2.5E - 05 * TMN .

An alternate way to access TMN and use it to evaluata CPMETAL is now:

CPMETAL = 0.106 + 2.5E - 05 * RVALUE(3HTMN,J) .

Other examples of the use of RVALUE and IVALUE are:

RVALUE(3HPFN,42) ,

'

RVALUE(3HPFN.I) ,

RVALUE(4HTIME,1) , ,

IVALUE(7HISTAKFN,9) ,

and

IVALUE(4HISFN.I) .

The value access functions RVALUE and IVALUE make it unnecessary for the \)
N@ TRUMP user to know the location of certain variables in common in order
to access their values. It also prevents the user from inadvertently or
intentionally changing variables to which he should have " read only" ac-
cess.

User-Supplied Common Block /EXTSAVE/

One problem with the user-supplied externals has eeen that there was no
simple way for the N9 TRUMP user to save for restart purposes variables

.
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internal to these user-supplied externals. A second problem has been that ,

any communication strictly between user-supplied externals in the form of
shared common blocks has had the drawback that these common blocks were
not easily saved for restart purposes. The purpose of the user-supplied
common block /EXTSAVE/ is to remedy these problems by giving the user

reserved space in which to save variables for restart purposes and to com-
municate between user-supplied externals.

The definition of the conunon block in NWTRUMP is

!

C$MM N/EXTSAVE/XBEGIN,XTERNAL(510),XEND.-

Therefore, 512 (or 1000 ) locations are available in /EXTSAVE/. The N$ TRUMP
8

user can, of course, use different names within /EXTSAVE/ in his user-

supplied externals. He should not, however, use more than the 512 locations
N TRUMP itself makes no use of com:non block /EXTSAVE/set aside for him.

other than to save or restore it from XBEGIN to XEND on or f rom the NeTRUMP
restart tape.

( SUBRWUTINE SUB (H,P,T,RHW,DVDHP,DVDPH,X,ENTH)

This subroutine exists on the Configuration Control library file
SALIBRARY4. It calculates the temperature T, density RHW, and
derivatives DVDHP and DVDPH given the enthalpy H and the pressure P.

The fluid is asstaned to be subcooled.

SUBRWUTINE SUP (H,P,T,RHW,DVDHP,DVDPH,X,ENTH)

This subroutine exists on the Configuration Control library file
It calculates the temperature T, density RHW, andSALIBRARY4.

derivatives DV0HP and DVDPH given u.. .uthalpy H and the pressure P.

The fluid is asstaned to be superheated.

SUB RWITIINE SATURE (P ,HF , HG , T, VF ,VG , DVFDP , DVGDP , DEF DP , DHGDP , H . KSTATE ,

TEMP)

|This subroutine exists on the Configuration Control library file |

C-3 .
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SALIBRARY4. 7^ aciculctes the caturtt:d liquid c,atholpy HF, cctursted
saturation temperature T saturated liquid specific

<

vapor enthalpy hu,
volume VF, saturated vapor specific volume VG, and derivatives DVFDP,

The fluid is assumed toDVCDP, DHFDP, and DHGDP given the pressure P.

be saturated.

SUBRdUTINE GPM DY (PSTAGI,SHSTRGI.GSTAT@,PSTAT ,DGDP ,DGDHW) ,

This subroutine exists on the Configuration Control library file

SALIBRARY46. It calculates the maximum mass flux and its derivatives
with respect to pressure and enthalpy, as well as the throat pressure
as functions of the stagnation pressure. The Moody correlation for sub-
cooled or two-phase water is used.

FUNCTI@N SIGMA (T)
.

This function exists on the Configuration Control library file SALIBRARY46.
It calculates the surface tension of water SIGMA [lbf/ft) given the tem-

perature T [ Fl.

SUBR6UTINE PERR R

This subroutine exists on the Configuration' Control library file

SALIBRARY46. It is an error traceback routine.

The preceding externals all exist on the Configuration Control library
file SALIBRARY46. The user could, of course, supply these externals in
some other way, but it is recommended that he simply attach SALIBRARY46.
The following externals do not exist on any libraries. By their nature,
they depend on the individual user's problem. The user must supply ,)

those which he needs.

FUNCTIWN PFLUID (I, TINE)

-

This function returns the pressure PFLUID [ psia] for boundary fluid
node I at time TIME [sec) . It need not be provided if there are no
boundary fluid nodes.

J
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FUNCTIWN HFLUID (I, TIME) .

This function returns the enthalpy HFLUID (Btu /lbm] for boundary fluid
node I at time TIME (sec]. It need not be provided if there are no

^

boundary fluid nodes ,

f
FUNCIIGN FEMIXFN (I,FVMIXFN)

This function returns in FEMIXFN the mixture level fraction for interior
fluid node I as a function of the mixture volume fraction FVMIXFN. It

i

need not be provided if there are no interior fluid nodes with negative
IBRTFN values.

FUNCTIWN FVMIXFN (I,FEMIXFN)

This function returns in FVMIXFN the mixture volume fraction for interior
fluid node I as a function of the mixture level fraction FEMIXFN. It only
needs to be provided for interior fluid nodes with negative IBRTFN val'ues

- and non-zero ISTAKFN values. Note that this function is the " inverse" of
function FEMIXFN and therefore should be consistent with it.

FUNCTIWN CFMETAL (J T)
^

.

This fucction returns the heat ( apacity CFMETAL [ Btu /lbe *F] of in-
terior metal node J at a metal temperature T [*F). It need not be

provided if there are no interior metal nodes.

FUNCTICr! CMETAL (J,T)

Ihis function returns the metal thermal conductivity CMETAL [ Btu /sec-
ft-F*] for metal node. J at a metal temperature T [*F]. It need not

be provided if there are no non-critical heat links .

FUNCTIWN DCM;TAL (J,T)

This function returns the derivative of the thermal conductivity with

1.
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respect to temperature, DCMETAL [ Btu /sec-t ,j for metal noda J at
.

a metal temperature T [*F]. It need not be provided if there are no

non-critical heat links.

FUNCTIWN TMETAL (J, TIME)

.

This function returns the metal temperature TMETAL [*F] for boundary
metal node J at time TIME [sec}. It need not be provided if there are
no boundary metal nodes,

s

FUNCTI9N WFLWW (K, TIME,PI,PJ,HI,HJ)

This function returns the total mass flow rate WFLWW [lbm/sec] for critical
flow link K at time TIME [sec] if the flow link has an ITYPEFL value of
-1. PI and PJ are the pressures [ psia] at the upstream and downstream ends-
of the flow link, respectively. HI and HJ are the enthalpies [ Btu /lbm]

the upstream and downstream ends of the flow link, respectively.at

FUNCTIWN DWFLPI (K,TIMEPI,PJ,HI,HJ) T-

)

This function returns the derivative of the total mass flow rate with respect
to the pressure of the upstream node, DWFLPI~[lbm/sec/ psia), for criticalI

flow link K if it has an ITYPEFL value of -1. The argument list is the same

as for WFL W.

FUNCTI#N DWFLPJ (K, TIME,PI,PJ,HI,HJ)

This function returns the derivative of the total mass flow rate with respect
to the pressure of the downstream node, DWFLPJ [lbm/sec/ psia], for critical )
flow link K if it has an.ITYPEFL value of -1. The argumenet lists is the

'

same as for WFL9W.

FUNCTIWN DWFLHI (K, TIME,PI,PJ,HI,HJ)

This function returns the derivative of the total mass flow race wit'a respect
to the enthalpy of the upstream node, DWFLHI (lbm/sec)/(Btu /lba) , for

;
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critical flow link K if it has an ITYPEFL value cf -1. Th3 crgument list 10
.-

the same as for WFLWW.

FUNCTION DWFLHJ (K, TIME,PI,PJ HI,HJ)

This function returns the derivative of the total mass flow rate with respect
to the enthalpy of the downstream node, DWFLHJ (lba/sec)/(BTU /sec) , for

critical flow link K if it has an ITYPEFL value of -1. The argument list is y

the same as for WFLWW.

FUNCTIWN HCWNDEN (N, TIME,TMETAL,TFLUID)'

HCWNDEN [ Btu /ftThis function is a condensation heat transfer coefficient.
sec 'F] for nor.-critical heat link N at time TIME [sec] if the heat link has

TMETAL and TFLUID are the temperatures I'F] inan ITYPEHL value of 4 or 5.
the metal and fluid nodes, respectively, which are connected by this heat

link.

FUNCTIWN QFLWW (N, TIME)

( This function returns the heat rate Q (Btu /sec] for critical heat link
N at time TIME (sec]. It need not be provided if there are no critical

heat links,

FUNCTIWN XLDW (PDIVW)

This function returns in XLDW the steam generator level setpoint,
[% span], calculated as a function of the measured pressure downstream

of the throttle valve, PDW [ Psia]. It is used for the MB-1 feedwater
\ 5alve control. It need not be provided if there are no controller

equations, i.e., NCDE = 0.

FUNCTI@i YLDW (WSCPW)

.

This function returns in YLDW the steam generator level setpoint, Y
(% span], calculated as a function of the measured steam flow rate,

(CP[1ba/sec]. It is used for the MB-1 feedwater valve control. It

need not be provided if there are no controller equations, i.e., NCDE = 0.
'

C-7
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FUNCTIWN CVW (FVPFW)

'

This function returns in CVW the feedwater valve coefficient, C"
'

[ gal / min-psil/2], calculated as a function of the feedwater valve posi-
tion, FW [% lif t] . It is used for the MB-1 feedwater valve control.yp
It need not be provided if there are no controller equations, i.e.,

NCDE = 0.

FUNCTI N XMWMTV (PDTVTV)

This function returns in XMWMTV, the measured load. [Mwth ] , -

calculated as a function of the measured pressure downstream of the
TV

throttle valve, PDTV [ psia]. It is used for the MB-1 throttle valve
control. It need not be provided if there are no controller equations,
i . e . , N CDE = 0.

.

FUNCTIWN XMWDTV (TIME)

'O.is function reuirns in XMWDTV the load demand, [Mwth], calculated

es a function of time, t [sec]. It is used for the MB-1 throttle valve _

control. It need not be provided if there are no controller equations,

i. e . , N CDE = 0,
.

FUNCTIWN P7TV (TIME)

This function returns in P7TV the perturbation, P [Mwth], (see

Figure K-2), calculated as a function of time, t [sec]. It is used
for the MB-1 throttle valve control. It need not be provided if there
are no controller equations, i.e. , NCDE = 0.

FUNCTIWM XMWCTV (XMWCCTV)

This function returns in XMWCTV the non-linear gain, C( CC}
[Mwth], (see Figure K-2) . It is used for the MB-1 throttle valve
control. It nee 3 not be provided if there are no controller equations,
i.e . , NCDE = 0,

& )
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FUNCTIWN P8TV (TIME)
.

Ihis function returns in P8TV the perturbation P (Mwth], (see Figure

K-2), calculated as a function of time, t [sec] . It is used for the
MB-1 throttle valve control. It need not be provided if there are no
controller equations, i.e., NCDE = 0.

/

FUNCTIWN CVTV (FVPTV)

Ihis function returns in CVIV the throttle valve coefficient, C
[ gal / min-psi ), calculated as a function of the throttle valve position,

,

yp (% lift]. It is used for the MB-1 throttle valve control. It needF

not be provided if there are no controller equations, i.e., NODE = 0.

FUNCTION SPPH (TIME)

This function returns in SPPH the demanded primary water temperature at

the heat exit, SP [*F], calculated as a function of time, t[sec]. It
,

is used for the MB-1 primary water heater control. It need not be pro-

vided if there are no controller equations, i.e., NCDE = 0.

EUNCTIGN DSPPH (TIME)

This function returns in DSPPH the derivati've dSP /dt. It is '; sed for

the MB-1 primary water heater control. It need not be provided if there

are no controller equations, i.e., NCDE = 0.

L9GICAL FUNCTI9N REVPUMP (I, TIME)

This function returns in REVPUMP a logical flag for pump type I at time

,

TIME [sec]. If it is .TRUE. then the pump will be allowed to operate in

the reverse speed mode. If it is . FALSE. then the pump will not be al-

loved to operate in the reverse speed mode. It need not be provided if

there are no pumps.

LWGICAL FUNCTIGN CSTPUMP (I, TIME)

This function returns in CSTPUMF a logical _ flag for pump type I at time

TIME [sec]. If it is .TRUE then the pump is coasting and the pump speed

1

C-9
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is cciculcted intcrnally. If it la . FALSE. then tha pump 10 not crcting
and th2 ptamp cpand must b3 pr&vid:d using RPMPUMP. It nocd not b3 pro-

-

vided if there are no pumps.

x

FUNCTION RFMPUMP (I,TLv.E)

This, function returns in RPMPUMP the pump speed N [ rpm) for pur.) type I at

time TIME [sec]. It need not be provided if CSTPUMP is .TRUE. or if there
are no pumps.

t
' FUNCTION FAFL (K)

This function returns in FAFL the multiplier on AFL(K) for flow link K. It
'

need not be provided if only a multiplier of 1.0 is desired for all flow
links. See Appendix Q for more details.

FUNCTI N FADEMFL (K)

This function returns in FADFMFL the multiplier ADFMFL(K) for flow link

K. It need not be provided if only a multiplier of 1.0 is desired for
all flow links. See Appendix Q for more details.

.

FUNCTI N FAHL (N)
-

This function returns in FAHL the multiplier on AHL(N) for heat link N. It

need not be provided if only a multiplier of 1.0 is desired for all heat
links.

SUBROUTINE WHL6CTA

This subroutine is called from program PUTIN if a L@CTA tape is to be writ-
It is called only at the beginning of a run and is intended to allowten.

the user to write a header title record on tape NL UT. It need not be
i

provided if IL CIA = 0. )

SUBR UTINE EHL@CTA

1his subroutine is called from program TRANSNT if a L4CTA tape has been
written. It is ce led only at the end of a run and is intended to allow ,

the user to read and echo the header title record written by WHL@CTA on

tape NL UT. It need not be provided if IL@CTA = 0.

C-10 ;
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SUBR$UTINE WRLWCTA
.-

This subroutine is called from program TRANSNT whenever a L9CTA tape

record is to be written and is intended to allow the user to write a
L9CTA tape record on tape NLWUT. It need not be provided if ILWCTA = 0.

SUBR6UTINE PUTINUS

This subroutine is called from program PUTIN. It is called only at the
beginning of a run and is intended to allow the. user a place to read
in input to be saved in the user-supplied coaumon block /EXTSAVE/.

.
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APPENDIX D

OUTPUT DESCRIPTION

In this appendix, we describe the output from NWTRUMP. For each case, this'

output consists of the input card imagee, the input NAMELISTs, optional
output edits at various time steps, and an edit of all TRACE variables

i selected (if any) at all time steps af ter JPTRACE for which trace informa-
' tion has been written on tape NT@UT. Sample output is included at the end

of this appendix.

.

|
*The set of card images which make up a given run are printed first in
exactly the form they have been read and processed. This card image list-
ing is extremely valuable in checking the input to N$ TRUMP.

The input NAMELISTs are printed next. They are helpful in checking the
values of all NAMELIST variables. In particular, default values for

variables not read in can be checked.
C-

The optional output edits depend on the values of the input variables
IEDIT, NFPRINT, NSPRINT, and TIPRINT and the input array TFPRINT. (See

Appendix B) These edits are printed at the first time step for either a
non-restart or a restart case, at the fixed output edit times given by the

first NFPRINT values of the TFPRINT array, and at a maximum time interval
of TIPRINT or time step interval of NSPRINT. The amount of editing de-
pends on IEDIT. A zero value for IEDIT gives no optional output edits.
Non-zero values will be described below.

|

The contents of the optional output edits will now be described. The out-
put is organized according to code components, i.e., interior fluid nodes,

boundary fluid nodes, interior metal nodes, boundary metal nodes, non-
critical flow links, critical flow links, non-critical heat links, critical
h it links, and control differential equations. The description follows:

D-1
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Interior Fluid Nodes:
s

IEDIT > 1:

INTERIGR FLUID NWDE: Interior fluid node number.

Fluid State: L = liquid (subcooled) .

M = mixture (saturated). I

'

V = vapor (superheated) .
IPRESSURE: P, (psia]. *

1

I
TEMPERATURE: T. (*F].
SPECIFIC ENTHALPY: h (Btu /lbm]. T
T9TAL MASS: M, (lbm]. .

LIQUID MASS: M , [ ibm].g

VAPdR MASS: M ,*(1bm]. This includes both the bubble mass ,

8 t
1and separated steam mass in a stratified node.

b, (lbm].BUBBLE MASS: M

TWTAL INTERNAL ENERGY: U, (Btu].

IEDIT > 1:
- J
INTERIWR FLUID N9DE: Interior fluid node number.

'
STATIC QUALITY: X

~

V6ID FRACTI6N: a

SPECIFIC VdLUME: v, (ft /lba].

SATURATIWN TEMPERATURE: T,,g, (*F].
LIQUID SPECIFIC, V6LUME: Saturated liquid specific volume,

v , (ft /lbm].g

VAP R SPECIFIC V$LUME: Saturated vapor specific volume, v ,
8

3(ft /lbu].
LIQUID SPECIFIC ENTHALPY: Saturated liquid enthalpy, h ,g

(Btu /lbm].

VAP$R SPECIFIC ENTHALPY: Saturated vapor enthalpy, h ,g

(Btu /lbm] .

|
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IEDIT 1 1: .

INTERI@R FLUID N@DE: Interior fluid node number.

STACK MIXTURE ELEVATION: Mixture elevation of the stack to
which this interior fluid node
belongs. [ft].

EODE,](L;TURE ELEVATI{: {gg'[ft).
* for the mixture. -

MIXTURE STATIC QUALITY: X

MIXTURE VdID FRACTIWN: a for the mixture.
MIXTURE SPECIFIC VdLUME: v for the mixture, (ft /lbm].

U DdT: U,(Btu /sec].

M DWT: M. (1ba/sec].

IEDIT 1 1:

INTERI9R FLUID NdDE: Interior fluid node number.
DELTA U/Ut AU/U

.

DELTA U 0/U: AU /U

DELTA U 1/U: AU /Uy

DELTA M/M: AM/M
.

DELTA M O/M: AM /M-

( DELTA M 1/M: AM /M7

DELTA P/P: AP/P
.

IEDIT 1 5:

INTERIpR FLUID NpDE: Interior fluid node number.

DPUFN: (3P/3U)g, (psia / Btu].

DPMFN: (3P/3M)U. (Psia /lbe].
DTUFN: (3T/3U)g, (*F/ Btu].
DTMFN: (3T/3M)U, [ F/lbm].
DTSPFN: 3(T,,g)/3P,['F/ psia).

Boundary Fluid Nodes:

( IEDIT 1 1:

BdUNDARY FLUID N6DE: Boundary fluid node number.

Fluid State: L = liquid (subcooled).

D-3
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M = mixture (saturated). .

V = vapor (superheated).

PRESSURE: P, (psia].

TEMPERATURE: T,(*F].

SPECIFIC ENTHALPY: h, (Btu /lbm] .

IEDIT 1 1:

B0UNDARY FLUID N$DE: Boundary fluid node number.
*

STATIC QUALITY: X.

VWID FRACTI6N: a. . . ,

s

SPECIFIC V9LUME: v, [ft /lbm].

SATURATION TEMPERATURE: T,,t, N.
LIQUID SPECIFIC VdLUME: Saturated liquid specific volume,

v , [ft /lbm].
~

g

VAP#R SPECIFIC V6LUME: Saturated vapor specific volume,

v , [ft /lbm}.

LIQUID SPECIFIC ENTHALPY: Saturated liquid enthalpy, h ,g

(Btu /lbm].
VAPWR SPECIFIC ENTRALPY: Saturated vapor enthalpy, h , . - .

t.g

(Btu /lbm]. j

Interior Metal Nodes: ,

IEDIT 1 1:'

INTERI6R METAL N6DE: Interior metal node number.

TEMPERATURE: T, (*F].

MASS TIMES REAT CAPACITY: MC , [ Btu /*F].
P*

T DeT: T, (*F/sec].

DELTA T/T: AT/(T-32 'F).

| Boundarv Metal Nodes:
l

IEDIT 1 1:
B6UNDARY METAL N6DE: Boundary metal node number.

TEMPERATURE: T [*F].

i
|
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Ngn-CriticalFlowf. inks: .

IEDIT > 1:
_

NCN-CRIT FL6W LINK: Non-critical flow link number.
UP N DE: Upstream fluid node.

D WN N0DE: Downstream fluid node.

LIQUID MASS FLEW RATE: W, (lbm/sec].
g

VAPOR MASS FL$f' RATE: W , [1bm/sec].
g

T6TAL MASS FL4W RATE: W, [lbm/sec].

T6TAL ENERGY FLdW RATE: hW, [ Btu /sec].

DHWFL: 3(hW)/3W,[ Btu /lbm].

L' DdT: W, [lba/sec/sec].
MACH NUMBER (Only if IMdMF p 0): |W|/|W |.

IEDIT > 1:
_

N6N-CRIT FL6W LINK: Non-critical flow link number.
UP N$DE: Upstream fluid node.

D@WN N$DE: Downstream fluid node.

STATIC QUALITY: X.

FL6W QUALITY: X. For counter-current flow, it is set to X .

V6ID FRACTI$N: a.

SPECIFIC V$LUME: v, [ft /lbm].

DELTA P FRICTI6N: Friction pressure drop term in the momentum

equation, i.e., g |W |w in Equations (2-8)k k
and (I-8). (psi].

DELTA P MWMENTUM FLUX (Only if IM6MF p 0): Momentum flux

pressure drop terms in the momentum equation,
i.e., the sum of the bracketed terms in
Equations (2-8) and (I-8), (psi].

DELTA P T6TAL: Total pressure drop in the momentum equation,
\

1.e., PUF ( - PDFL + DKFLk + DPFF( + DPMFF (
in Equations (2-8) and (I-8), [ psi].

IEDIT > 1
-

(
N@N-CRIT FLOW LINK: Non-critical flow link number.
UP NODE: Upstream fluid node.

DOWN NODE: Downstream fluid node.

D-5
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TIME
W de [1bm].

'*
INTEGRATED LIQUID MASS FL6W RATE: 7g g

TIME
INTEGRATED VAPdR MASS FLdW RATE: / W de [lbm].

TIMEINT S

TIME
INTEGRATED T6TAL MASS FL$W RATE: / W de [lbm].

TIMEINT
TIME

INTEGRATED T6TAL ENERGY FL9W RATE: / (hW)dt [lbm].
TIMEINT

IEDIT _> 5:_
. . ,

NdN-CRIT FL6W LINK: Non-critical flow link number..

in Equations (2-8), (psi /(1bm/sec)2),CKFL: Ck
DKFL: D in Equation (2-8), (psi].

k
CMFKFL: The first bracketed term in Equation (2-8), (psi].

CMFPFL: The second bracketed term in Equation (2-8), (psi].

f CMFQFL: The third bracketed term in Equation (2-8), (psi].
DMFKFL: 3(CMFKFL)/ W , (psi /(Ibm /sec)].

DMFFFL: 3(CMFFFL)/ W , (psi /(lbm/sec)].
P

DMFQFL: 3(CHFQFL)/ W , (psi /(lbm/sec)]. -

IEDIT > 5 And IMGMF p 0:
.

N#N-CRIT FL9W LINK: Non-critical flow link number.;

yg, (see Equation (I-18), (lbm/ft ].RJ1FL: p

j2, (see Equation (I-19), (lbm/f t ] .RJ2FL: p

RVVJ1FL: (pV ] 1, (see 2quations (I-11) and (I-13)),
(lba/(ft sec )].

RVVJ2FL: (pV ] , (see Equations (I-12) and (I-14)),

j [lbm/(ft sec )]. ;
,

DVVJ1FL: 3(pV ] 1 /3W , (1/(ft sec)].k

DV7J2FL: 3(pV ] 2 /3w , [1/(ft sec)].k

C**2 DELTA RH6: (p - #jl) in Equations (2-8) and (I-8) .j2
[1bm/(ft sec2)],

D-6
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Critieel Flow Links:

"

IEDIT > 1:
_

CRITICAL FLOW LINK: Critical flow link number.
UP N6DE: Upstream fluid node.

D6WN N6DE: Downstream fluid node.
LIQUID MASS FL$W RATE: W , (lbm/sec].g

VAP$R MASS FLEW RATE: W , (lbm/sec].
8

T$TAL MASS FLWW RATE: W, (lbm/sec].
-

T9TAL ENERGY FL6W RATE: hW. (Btu /sec].
DHWFL: 3(hW)/3W, (Btu /lba).

IEDIT > 1:
_

CRITICAL FLOW LINK: Critical flow link number.
UP N#DE: Upstream fluid node.

DWWN NWDE: Downstream fluid node.

STATIC QUALITY: X'.
FL6W QUALITY: X. For counter-current flow,-it is set to X -

VWID FRACTIWN: a

SPECIFIC V9LUME: v, [ft /lbm].

IEDIT > 1:

CRITICAL FLWW LINK: Critical flow link number.
UP NdDE: Upstream fluid no.de.

DGWN N9DE: Downstream fluid node.
TIME

INTEGRATED LIQUID MASS FL9W RATE: / W de [lbm].g
TIMEINT
TIME

INTEGRATED VAPdR MASS FL6W RATE: / W dt [lbm].
TIMEINT E

TIME
INTEGRATED T9TAL MASS FL$W RATE: I W de [lbm].

.' TIMEINT
TIME

INTEGRATED T TAL ENERGY FLWW RATE: / (hW)dt [lbm].
TIMEINT ,
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IEDIT > 5:
_

CRITICAL FLdW LINK: Critical flow link number.

3W /0# (k), [(1bm/sec)/ psi].DWIFL: k u
1

3W /3P @), [(1bm/sec)/ psi].DWJFL: L d

.

dk), [(1bm/sec)/ psi 3.DHWIFL: 3(hW)k/I#

/8P (k), [(ibn/sec)/ps1].DHWJFL: 3(hW)k d
N-

IEDIT > 5 And INdFM 150:

CRITICAL FLWW LINK: Critical flow link number.

yg, (see Equation (I-18)), (1bm/f t ].RJ1FL: p

(see Equati n (I-19)), (1bm/ft ).RJ2FL:
p 2, 2]k3

(pV g, (see Equations (1-11) and - (1-13)), 'RVVJ1FL:
2

(1ba/(ft sec )), \'
.

RVYJ2FL: (pV ] 2 (see Equations (I-12) and (I ,14)), ,,/ D g-
,

~ '

(1bs/(ft sec )]. ';'O
~''

a

\'
DVVJ1FL: 3(pV ]k /3Wp (1/(ft sec)].2 '' * '

-
--

DVVJ2FL: 3('pV ] 2 8w ' (1fCf" #*")l* \ ' '

'

k
~

yy)inEqua[toli(2-8)and(i-8),
'

C**2 DELTA-RH9: ( -p

(1ba/ (f t 'sec2)), \ s
.

,,

";.
~~ 1Non-Oritical Heat Links: ,N ', * *

.. . ,

kIEDIT > 1: \ - * s
- , s .

, m g u.s -'\ *n

NdN-CRIT HEAT LINKS 5'on-criticalhEst\linknumber.g x , > %s,

;

UP NODE: Upstreat , nod}, (fluid ndde if' positive, met.)). nr. =g h
s ,- a-% .

if negative) ,. i '*,
,, . ,

i

\ % e

DdFN NdDE: Downstrees node, (flu:.d node if positive, met.h: node
'

_

ifnegative).-h ,\ % hkI

Y
-Tg),g.(*F)[.s

' e v
-

DELTA T: T s 3g - L1 e * '%
k.,-.[ Btu /tec-ft3.um

,

'4i .
, *

HEAT FLUX: *-i y
+

Qf,[Bcu/sec3.g
.. g. g ..

HEAT RATE: ' *
,,

%5 \ .1 3 y
* A ,

' '
% ,

.
-D-8 ,,

.
-

3 -
- s. .

'

.:.

\. \1 % \ -

"
_s , -- A ,-

_, ,

% '
|
' - _: .'
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HEAT TRANSFER RECIME:

SCFC = subcooled forced convection. <

NB = nucleate boiling.

FCV = forced convection vaporization.

TB = transition boiling.

FB = film boiling.

SHFC = superheated forced convection.
.

HEAT TRANSFER C9 EFFICIENT:
2

h = q/(t,g,) - T (n)) Stu/f t ,, .F3.d

TIME
INTEGRATED HEAT RATE: / Q dt [ Btu].

TIMEINT "

NdN-CRIT HEAT LINI*.: Non-critical heat link number.
UP N DE: Upstream node, (fluid node if positive, metal

,

node if negative). -
DdWN NWDE: Downstream node, (fluid node if positive, metal

node if negative).
.

3(/3T,g,), (see Equations (6-89) and (6-93)).DQTUHL:
7
\ (Btu /sec *F].

3(/ST(n),(ses quati ns (6- and (6-W .MTDHL: d
[ Btu /sec *F]. .

DQPUHL: 3(/3P g , (see Equations (6-90) cnd (6-94)).
(Btu /see-poi].

see quat ns ( and (6 6 .DQPDHL: 3Q,/3P (n),
'

d
[ Btu /sec-psi)."'

* .

Critical Heat Links:

[>h IEDIT > 1:

CRITICAL HEAT LINK: Critical heat link number.
UP N6DE: Upstream node, (fluid node if positive, metal node

if negative).

k DWWN N6DE: Downstream node. (fluid node if positive, metal
node if negative).

HEAT RATE: Qg [ Btu /secj.

TIME
~ <

INTEGRATED HEAT RATE: / Q dt [ Btu).
TIMEINT " ,

-
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Cor. trol Differential Equations:

IEDIT > la; _

C#NTR$L DIFFERENTIAL EQUATIdN Control differential equation
number,

Control variable, yK+2I+J+1, (see Equations (K-36) - (K-49)).di

3 DdT: Right hand side of control differential equation. '

F +2I+J+1, (see Equations (K-50) - (K-63)).K
.

At the end of a case, all trace variables (if any) are printed at all time
Thissteps af ter JPTRACE for which information was written on tape NTWUT.

information is valuable when it is desired to see certain variables at many
I time steps, e.g., for plotting.

.

f

/

!

D-10

.

e

e ur,---e e , -a m n---- - p



. - _ -. . . - - . _ . - - . . _ -. . . - - _ _ . _ _ _ .. _ - . . _ _ _ - - - - . . _ . - , . ~ - . - _ - . _ . . . - -

- -

d

a

1

.

*
; .

1

.

1

|
.

SAMPLE DUTPUT - NON-PREHEAT STEAM GENERATCR
ISRMISC,

OSEND.
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OTANOTV = ~

abFC5VD = 4.C
*NPSD. =

DVFCP50 =
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.30PTUDE =

500TUPE =
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?TIPRINT .5E*el,=
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j TMFN 41

| TMFN 43
TMFN 44
TrFN 45
TPFN 46
TPFN fl
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S ANPLE OUTPUT --- N0ed-PR EHE AT JTE AM GiMER ATOR PAGE 169
15TEP 334 TIME = 30.00C0 DELT = 9.90130CE-32 CASE 1=

INTERION TOTAL
FLUID SPECIFIC TOTAL LIQUID WAPOR SU88LE INTERNAL .

*

NODE PRES 5URE TiMPER ATU46 ENTHALPY MASS PASS MASS MASS ENERGT
a,e.

1
i 2
! 3
'

4
5
6
7
8
9

11
11 . .
12
13

Y 14
U 15

16
17 -
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21
22

* *
23
Z4
25
26
27
28
29
30
31
32
33
34
35
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38
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41
41
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PAGE 173SArptE CUTPs1T --- NJN-P26hiti IT: 19 GEh*RATCR
334 Ilt t = 30.;;0? DELT = 9. 4G 1 ;CC E -:,2 CASE 1

.

ISTfP =

}QIAL
INI($IQD
F L ts! D Sr:CIFIC Tu1AL LIQUID b1POR BLBBLE INTEdNAL

NOSE Pa?SSUR- TcMPEdalu4E cNT H AL PY MASS FASS FASS MASS EhERGY ,,e
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44
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49
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S A P PL E DUTroT --- N 0N-P R c H E A T STE A M GENERATOR PAGE 171'

15TEP 334 TIME 30.CCCC OELT = 9.901",CLE-02 CASE 1
= =

INTERIOP
, LIQUID VAPOR LIQUID VAPOR

'

.

FLUID STATIC VOI O SPECIFIC 5ATURATION SPECIFIC $PECIFIC SPECIFIC SPECIFIC* .

NODE QUALITY FRACTION VOLUME TEMPERATURE VCLUME VOLUNC ENTHALPY ENTHALPY

1 ac
2
3
4
5
6
7
8
9

10
11 ,

12
13

7 14 .

U 15
16
17 .
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2^ '

21
22
23 * *

24
25
26
27
28
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34
31
32
33
34
35
36
37
34
39
41
41
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3APPLF O'J T PU T --- WJN-P A 5 H L % T STcAM GEhERATOR
* PAGE 172.

3S.CCC: DELT e 9.9-1,a(E '2 CASE 1
ISTEP e 334 TIMt =

L I Qt?I D baPOR LIQUID VAPOR
INTEPTOP
FLUID STATIC V010 SPECIFIC SAIUAATION SPECIFIC SPECIFIC SPECIFIC SPECIFIC

NODE CUALITY FRACTIOh VOLUML TEMPERATUEE VOLUME VCLUME EhTHALPY ENTH&LPY
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| S AMPLE OUTPUT --- NON-FA EHE AT STEAM GENER ATOR PAGE 173
15TEP 334 TIME * 30.LOL3 DELT = 9.9010CCE-02 CASE 1

=

i INTERIOP MINTURE MIXTURh MIKTORE
| FLUID PINTURE 514 TIC VOID SPECIFIC* .

NODE FLEvaTION CU AL I T Y # FRAC 110N VOLUME U DOT M DOT DELTA U/U DELTA M/M*

*1.C
1

._

2
3 *

4
5

i 6
7
P

9
10
11 -

.

tj8 12
9 13 -

* 14
15
16
17 -
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22
23 *

( 24
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30
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39
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SAMPLE CUTPUT --- NON-74:HLAT JTc49 C:htRAIG9 PAGE 174
20.0000 DELT = 9.911U 'E .2 CA5E 115frP e 334 II1c *

INTEpinD *14IJPt 5171 LEE Min 1Lke
FLUID F13702: STAIIC V C l E- 5PLCIFIC
NODE FLEVAT!dN Cuallif FoACT!uN V C L U.12 t' D D T r DCT DELTA Uru DELTA N/M
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S APPLE OUTPOT --- NON-P4 EHE AT SrgAM GENERATOR PAGE 175
3 G. .A.L ) DELT = 9.901*CCE-02 CASE 1334 TIMEISTEP ==

INTEPIDR
FLUID .

*

NODE D PilF N DPMFN e DTUFN DTMFN DTSPFN
__

1 a,e

2
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4
5 t
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FLUID
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PAGE 18J
$ 4rPL E 09T P9T --- m3N-Pa cdE A T iTcAN GikE9AT02

335 Tirl * 3 .: . . - DELT = 9.911.(4k-?2 CASE 1

I5ffP =

NACH40*4-CPIT
Flaw I' * OGnh L10u13 hALS va#0F FA15 ICIAL Mad 5 IdTAL EHPCT

t NuDs FLOs dATi FLJs r ATc FLD. FATE FLOW aATE CHkFL k 0]I NUMSER ^,c
__ 0 0 c

.

LINM

1
2
3
4
5
6
7
8
9

10
11

**

12
13
14
1%
16
17
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2'-
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35 .
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; $ APPLE DUTPUT -- NON-PR ENE AT STCAM GE NER A10R PAGE 181ISTEP = 334 TIME = 30. 'JC v : DELT = 9.9013CCE-32 CASE 1

NON-CRIT
FLOW UP DOWN LIOUI) MASS VAPOR MASS TCTAL M&SS TOTAL ENERGY MACH

,

LINK N09E NODE Flow RATE 4 FLOW RATE FLOW RATE FLOW R ATE CHWFL W DOT hUMBER
.
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43
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49 ;
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51 .
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53 *K
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PAGE 182
SAFPLE OUTPJT --- NjN-PdiHEAT STEA3 GENEGATLk

3 4. ' ~ . e DELT = 4.111.CJE-!2 CA52 1

!$ TE P = 334 TIMc = .

NON-CpIT

FLOW UP DdwN STATIC FLUw v010 SPECIFIC DELIA P HONENTUn DELTA P

LINN N00F HDJE QU AL I T Y QUAll1Y FetACTION VOLUME FRICTION FLUX TOTAL

_

1
2
3
4
5

6

1 7
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l'
11. .
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14
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2C -
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*
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S AMPLE OUTPUT -- NON-PA EHE AT STEAM GENERATOR PAGE 103
~

334 TIME = 3 .CLC3 OELT = 9.9010CCE-02 CASE 1
ISTEP =

DELTA P
NON-CRIT *

* FLOW US D0dM STATIC Flaw VOID SPECIFIC DELTA P MOPENTUM DELTA P
*

# QUALITY FRACTION VOLUME FRICTION FLUX TOTAL
LINK N00E NO3E QU AL I T Y iaS

-

42
43
45
46 .

47
49
49
53
51
52

*53
i 54
0 55

.

56
57
58 -

59
61 -

63
64 '

65 . .

66
67
68
69
71
12
73
75
76 -

-
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ISTEP = 3Js Tidi 3.... OFLT = 9.4,l' ire- 2 CASE 1= ,

ND*4-CRIT
FLOW
LINK CWFL OKFL CMFNFL CHFPFL CPFCFL DFFKFL Dr.FPFL DMFQFL ,,e

1

2
3
4
5
6
7
M -

9

17
11

* *

12
13
14
15
16
17
18
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21 ,
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c. 23
o 24

25
26
27
28

. 29
33
31
32
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34
35
36 -*

37
39
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41
41 _
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3 AMPL E OUTPUT --- NON-PR EHt:a f STE AM GENERATOR PAGE 185!$TEP 334 TIME = 30.CC3C DELT = 9.91130(E-C2 CASE 1
=

NON-CRIT
FLOW,

.LINK CEFL DKF L 4 CMFKFL CMFPFL CMFQFL DPFKFL OMFPFL OhFQFL
_ ect42

43
45
46
47 *

48
49
51
51
52
53
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*59
61
63 *

64
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'

3 2 . ,1 .. DELT = 9. 7 ; L - N E -* 2 CA$E 1e 334 I I M:i *ISTfP

NCN-Colt
C**2FL0k

LIN> 9 !.1 F L AJ2FL EvkJ1FL RVVJ2FL DWVJ1FL DWVJ2FL DELTA RHO
-

_

S.Cg

2
3 .
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6
7
8
9
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S AMPLE DUTPOT --- NON-PR EHE AT STEAM GENERATOP PAsE 107
ISTEP 334 TIME = !J.ewtG DELT = 9.9010CCE-Oh CASE 1

=

. MON-CRIT
FLOW C**2 '.,

LINK RJ1FL RJ2FL 4 RVVJ1FL RVVJ2FL DVVJ1FL DVVJ2FL DELTA RHO
-

42 Sec
43
45

3

46
47 *

,

48
49
53
51
52

- 53 ,

tjf 54
s- SS
" 56 .

57
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*
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73
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$AMPL: 00TPOT -- *4dN-PdiHLAT STEAM Li ME ATJE PAGE 188
157EP . 334 Tire 3c..it. DELT = 9.931.0 E .2 CASE 1=

CRITICAL
FL3b ilP DG.N L100!3 MASS VAFDE FA55 TCTAL MA55 TOTAL ENERGY
LINK N00E N00E FLOW RATE FLOW RATh FL0d RATE FLOW RATE OHkFL
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S APPL E OUTPOT -- N0d-PR EHE AT . .AM GENERATOR M&E 189
15fEP 33 4 TIME = 3t.eb:s DELT = 9.93100CE-02 CA5h 1=

CRITICAL .

!FLOW UP DOWN STATIC Flow v010 SPECIFIC .
I' LINK N00E N00E QU AL I1 Y # OUALITY FRACTION VOLUME

' 78 8.c.
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| 80
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ISTEP * 334 II:1L = 33...is DE LT = 9.9 3110( E-(? CASE 1

|
CRITICAL
FLOW
LINN DJTFL DwJ F L D4w!! L OHwJFL
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S AMPLE DUTPdT --- NON-PA E HE AT . .AM GENEPATOR PME 191'
,.

| I5TEP 334 TIME = 34.JOC) DELT = 9.9010CCE-02 CASE 1 !=

!

| CRITICAL
' , Flow C**2. .

LINK RJ1FL RJ2FL p RVVJ1FL RVVJ2FL DVVJ1FL DVVJ2FL DELTA RHO
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{ 79
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- S arPL S OUTPsi --- Nbh-ediHLAT STiAN GE h'c h A T OP PAGE 192
3... 'a DELT = 9.921.u E .2 CASE 1= iJ4 ildt =ISifP

NON-CPIT TOTAL HEAT

HEAT UP 00'J N .42 A1 4 Al 14ANSFeR
LINFN00f N10: DiLIA i F Lt * PATE acG19E 00TU4L DCIDHL OQPUHL 00P3HL
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1
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3
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6
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8
9
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!$TEp T3mL X L *LE V TNFM TMFN TMFN IMFN TMFN TMFN TMFN TMFN TMFM
1 20 21 22 23 24 25 26 27 28*

aeg-

o c.
, -

1 4.194304E-;4
2 1.2 8291E-J3
3 2.936s13E .3

4 6.29145eE-J3
5 1 170234E ~2
6 3.99458?i .2
7 e.66e9436 .2
8 9.3'?29dE .*!
9 2.2' 3 7oS E .1

..

10 1.4722)lE-J1
11 1.740a3ti-01
12 2. D9)72E ,1

13 2.545943E-JA *
14 3.182613E *.A

c 15 3.351241E-01
$~ 16 3.519$54d-01
* 17 ?.89812*E .1

18 4.15551)E-01 .

19 4.424991E .*1
2* 4.69?4268 .1

21 4.15183!i-01
22 !.23'297E-s1
23 5.49P7336-;1

i 24 .7671 tie-Jt* , ,

25 6.53: 2 JE .i
26 f .304 4 3 'd E - )
27 t.572474E .1

| 2e f.a4*91)h-OL
29 7 109345E-01
2* 7.37719;E .1
31 7.646216E-61
32 7.9146$26 41
33 E .1M 21s ti . .
34 6.451523c .1
35 F.7199;$c-31
36 P.9883136 .*
37 9.25fH2WE-31
28 9.52 ?d4E ..
39 9.79?7J;E ..

-- _

|
.

'4



.

- IS TE P Tf12 aLPLid IMFN IPFN TMFh IMFN IMFN Tr@N TNFN IMFN TMFN
i 4. 21 22 23 24 25 26 27 28

-
~~ *15

.327 2.46*aeoE+ 1
321 2.47*.oT.+ i
322 2. 88 7 h 1E +. L
323 2.14 ' +d : + . .
324 7.9" .y i+.A
325 2.91',dic+.t
326 2.97CJ93E+)4
327 2 933a93L+J.
32P 2.94'.94E+,4
329 2.95*s9ts+'l
3 3.* 2.96*.964+,1
331 2.97 197E+.1
332 2.49 7 ;9ad e:1

333 2.99139sc+C1,,

334 3. Y ' , E + .1

335 3.3100sli+)1
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APPENDIX E

DETAILED NLHERICAL EQUATIONS AND SOLUTION TECHNIQUE

In this appendix, the structure of the matrix equation, (2-27) is exa-,

nined and used to advantage in devising an efficient numerical solution
_

,

technique.

Equation (2-27) may be rewritten as
,

(E-1)
g x = B_

where

(E-2)f*J,-Atg y g (t", y"),

x_ s a [ , (E-3)

and

B. E atg _(t ,y" .
(E-4)F

For convenience, the underliningg, x, and B will now be partitioned.
designating vactors and matrices will be' dropped for the partitioned
sub-vectors and sub-matrices. Examining the structure of Equations
(E-2) - (E-4), it may be seen that Equation (E-1) can be partitioned
to give

b A O A AW B
WM yz y

#z AU B% D 0 A t UUU UM UT
i.

h % % ^xz ^M B3 (t_3).
. .

c A A AT B
TU TM TT TZ T

. ZV ZU ZH ^ZT
A bz BA A ZZ - - - _ Z.

(

E-1

M9

e



.

AW and B are column vectors of length K; AU, B , AM, and B are of length I;
'

y U g
AT and B are f length J; and LZ and B are of length M. ne g matrh haT g

been partitioned consistently with the x_ and B_ column vectors. D denotes a
square diagonal matrix with no zero elements on the diagonal whereas D

'

denotes a square diagonal matrix where some of the diagonal elements -

may be zero.

sub-matrices allows forThe simple nature of the Dg, Dg, Dg , and Dg
the elimination of AU and AM from Equation (E-5). This reduces the N

matrix equation to be solved from order K+2I+J+M to order K+J+M. To
;
'

effect the elimination of AU and AM, note that

D W] AU- ~B ~ ^UWO ~ ^UTO ~ bZAIUU U (E-6),
,

MZ *-o
_ MU % _ _^"_ B ~ ^MW " ~#D o

M

Therefore, using Cramer's Rule, AU and AM are

~

AU = [ Det~ D B - Det D B ]
g U g

~l
~

g glD+ [-Det D AUW + Det
AWg

-1
+ [-Det D A ] ATg UT

+ I-Det" g gg + Det UM bZ 0D

and

~

AM = I-Det" D BU + Det D
MU UU M

+ I Det D A - Det~ g,l AW
MU UW ;

+ I Det" D A ] ATgg g
~l -1+ i Det Dg %g - Det DUU b2

where

Det = D D -D D (E-9)
UU g.

E-2
/

.

Oa

4

_



_ . .

~

Det is a diagonal non-singular matrix. Therefore, Det is easily

calculated. This is the reason that the simple nature of Dg, Dgg, DMU
and D is so important.g

Equations (E-7) and (E-8) are now used in Equation (E-5) to eliminate
LU and af, giving

- - - - - ,-, , ,

b k k'Z W

* * * *
A A A "
g g TZ T

* * * *
B (E-10)A A A tZ -

ZW ZT ZZ Z.. ._

where

* -1 -1
g gl[-Det D A UA iAg+AWU g gg + Detg

-1 -1
+Q l Det D - Det D A l (E-ll)gp g,

i _
_

{ 8,C

.

4

M
1

e

E-3
,

.

e

4

- _



. _ _ _ _ _

.-

%

a,c

j

i
I

*
,

i

i
~

e

< .

4

.

-1 -1* - g [ Det D B *B iB ~

g U UM My g
~

- g [-Det D B + Det Dgg g UU M*
~

,

i -

i

s,c ,

J

| -

,

I

Equation (E-10) is a matrix equation of order K+J+M.
;

-

>
-

8,C
i
e

{

.

" 45

E-4
-

e

6

1 _ _ _ - _ _ . _ _ _ __. _ _ _ . _ _ , . . _ _ _ _ _ _ _ _ _ _ _ _ , . _ . _ . . . _ . _ , _ _ _ _ _ , _. _ _. , _ _ _ _ . _ _ _ .,
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The structure of the pertinent sub-matrices will now be examined. Ap-

propriate intermediate variables will be defined and used to generate
Equation (E-23) in a natural and efficient manner.

Upon examination, it is seen that the elements of the sub-matrices are

k (E-24)
(Agg)k,v k,v ~ d*M0 ,"

v
af

(E-25)( ~ "n+1 BU
~ '

k,1

3F
(E-26)~0(Agg)k,1 n+1 3M

~ ,

i
3(hW)

~ O ,d(k) A*n+1 3W (E-27)6=
i,k 1,u(k) i k

,

01 + At ( 0 + 3U ], . (E-28)
(Dg) =

g

(Dug)1,1 =at,+1[h+3 }, (E-29)
i i

( (E-30)
\ (AUT}i,i n+1 (3 }1~

(E-31)
1,k 1,u(k) 1,d(k)] At +1,[6 -6=

n

U
MU 1,i A*n+1 U

~

g

ac
1 + At (E-33)(D ) = ,

3
i

,

a,c

\4

,

__
emu

E-5

-

O

__



.

where -

3(hW)y 3(hW)
3HG ,- 1 (
3U ~ BU 3P 3P (E-37)

g g g

vcI vcT "g

v>K v>K m
' |,

i

( }v ( }v ), (E-38)BHO , b ( _

3M 3M 3P 3P
g g g

"*I m"i
i

,

'

v>K v>K

i
,

i
O

| _jlq _ I i( v)*v .

3U * 3U 3T BT
g g g g

f vel vcTg

v< L v4L

(E-39)

3P SQ 3Q
'

'

3U 3P 3P

vcl vcT ,g g

|
~

v<L v<L

:

N 30 i

30 i v 9

3M 3M BT
_

BT ) *
g (

y g g
O

- vcI vcT
i

" (E-40) ,;

O ),1 v v
| ( _
' + 3M BT 3Pg g g

vel vcT

v<L v<L

I

E-6
.-

o

[ -

.

4
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_.

-

a,c,

_.

~
,

3P 3W 3W

E (
~-

'

3 BU 3P 3P
i i i i

vcI , vcT ,
g g

v>K v>K
,

3P BW .3W
" "

3 gg 3p
- 3p ). @@E (

i i i i
vel , vcT ,

v>K v>K

3Q 3T 3Q 3Q

( -

3U 1 BU 3T BTq
( vcI vcT

f
0 0vcT vcIg g

v<L v<L
- -

* (E-44)
BP 3Q 3Q

+ ( -
'

3U BP BP
i i i

vcT,0vcI

NvcT vcIg g

v<L v<L

' 3T 3Q 3Q

di BT ~ BT
ii i i i

veI,q vcT,q

vcT vcI
/ g g

v<L v<L'

(E-45)

E-7

.

S

, ,.__. _- . - , . -
_ _ . _ _ _ _ _ , _ _ _ _ _ _



<-
3P 3Q 3Q

+ ~
'

3M 3P 3P
~'i i i

veI'Q vcT'O
Q

vcT veIg g

v1L v1L

's

and
~

e,c
-]

I

--

6 is the Kronecker delta. The notations u(k) and d(k) signify
the upstream and downstream fluid node, respectively, for flow link k.

;

Defining

D s Det = D D -p D
g g g g g

= (1 + at ) (1 + at,47 [3 +3 }) (E-47)
gg

[BU + 3M )'- (at +1) 3Un g g g

~

o 1 -Det p
g g

[g +3 ], (E-48)=-

i i i

~1
8 E Det D
3 g

(~80
= b (1 + at +1 3M )'D n

; g g

E-8
.)

.



__ __ ______ _ ________ _ ___ __________ _

~

y u [Det D B *~

g U UM M
(E-50)

=S F +1 + li K+1&i 'gg K

*E
21 UU (E-51) ,

1

(1 + Atgg [3 + BU ]} '-
i g

S -Det~ DM MU
(E-52)

0
n+1 3G

"~

|
D 3Ug'g

|
-

and
.

~

y E [Det D *~

UU M MU U
_

(
" "21 K+1&i 21 K+1 '

the following expressions are obtained for the elements of

Equation (E-23):
i

l * *

(%W}k,c " h,c
0

j k

iO,c~0 n+1 SW,' k

- (AE +1 u(k),d (c) ~ u(k),u(c)] (E-54)
n

3F 3(hW), 3F
kk + ( 2u(k)*I lu(k) + Olu(k) aw 3M (k)3U (k) g

3(hW),
+0 2u(k) 3W,

E-9

-
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...t

I8 (k),d(r) ~ 'd(k),r2(c)I+
d .

3(hw)K} + aF
aF kh II C id(k) + 2d(v) aw , an (k) 2d(k)*

au (k) dd
a(hw)

+8 }N 3 '[2d(k) aw,

-

-t s

A,C ') .

.

5

i

|

*

,

3

>

.

)

_

h

E-10
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a,c

: ~. . . .
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,

t r

7

4
.
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'

R.

ss

i.,

,

_

* *
(B )k =bg k

(E-58)F=- de +1 kn

3F BF 3F'

T T T
(OE +1) 3U (k) 1u(k) 3M (k) 2u(k) BM (k)

id(k)+
dn u u

3Fk+
BM (k)d,

(
and _

a,c~

i

\ *

-.

! ( .

a,c

.] Equations (E-7) and (E-8)'can be written (using the above
;

definitions and the fact that [the controller equations are treated] a,c

[ ] as: a,c

E-11

;
.i

,

e
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% s

JS3
-

' s
.

AU = At ly1g + 'Ng7 +,$gg 3 .v) dW
g gg

% V

vcT N
- C ',W

_

+
,

,

g ,
.

'~

v1K. g
s & ,.

Q(hW)V), , Y' 'N +1
N'

'

[ (agg +,,8 g ;
32yW (E-60) ,

-

1 y
V

W - i
,

veI ' 'g 's*'
,

v<K .

- .

-

J

{ I }i hT ,,*# g _.

11 A,g
r,-i N

\* ~ ,,,
'

$.

and >.

LM " At +1 Y21 * I 2i 21 0 - . "v0 )
wg n V

g
N 'pvcT - '.

\v1K , .s
N .

. 3(hW)
(5 0 0"v (E-61)'

-

21 21 '3W

v'cI "
' <

$

'g ' *
'

,vcK
-

' ,

J n+1
-

bI'3Q }i 0 3*$+0 ST t,21 g s. ,

t.1

N< ,

\
o,c After solving the matrix equation ( N JE[uations(E-60)>

1 and AM +1
n

and (E-61) are used to obtain a .

.

In general, the solution of the reduced system, Equation'(E-23), must
- )

be accomplished by Caussian elimination. It is not' uncommon, however,
Infor flow networks to possess one or more subnetworks called chains.

this case, it is usually more' efficient to perform the elimination by
blockssincetheblocksofhcorrespondingtothechainsassucethe
tridiagonal form.

. s ,

s
''

4 h
g

i

E-12 l

. * ,
.

-
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Formally, a subnetwork of implicit non-critical flow links connecting
fluid nodes i and j, i p j, is defined to be a chain of length p if

.

it contains exactly p + 1 fluid nodes (including fluid nodes i and
j) and if any node 1 p i,j is an implicit interior fluid node such
that T U I " contains exactly two implicit non-critical flow links.

g g

Two chains are said to be disjoint if they share no coimmon implicit
interior fluid nodes. If the flow links of a given chain are con-

*

secutively labeled, then the principal subnatrix of Q corresponding
to that chain will be tridiagonal. Moreover, subnatrices corresponding

i to disjoint chains are themselves disjoint.
.

Suppose now that the network contains s disjoint chains of lengths

! p ,...p, and letg

*

: s

| q=K+J- { p G-@g.
! i=1
!

*

]
If the flow links of each chain are consecutively labeled, then A

,(' ,
can be made to assume the form,

| D R~
; 1 1

.

f22

0 :1
D R

s s .

'
4

B B B V
_1 2 s - <

where D is a p xp tridiagonal matrix, and V is a q x q matrix.
1 g g

n *
T +1, and B , Equation

' N 1By compatibly partitioning the vectors , ,
,

(E-23) may be written as

;

-
\

1
1
,

i E-13

s.
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.D R- "aw "C
~ ~

1 1 1 1

D R 0"2 E
2 2 2

. . .

(E-63). = .. .

. . . -

D, R, au, C,

B B 3 Y 0 Cu y 2 s "s+L _ s+1_

,

which is equivalent to the equations

D 1.;.,g + Rg Aw,,7 =C, i = 1,..., s, (E-64)g i

s

B bg + Vow ,7 = C,,7 (E-65)g ,

i=1

[

If each D is nonsingular, it follows that --

g

Au =D C -D R Aw ,g, i = 1,..., s. (E-66)g g g g g ,

Using Equation (E-66) in Equation (E-65) gives
a s

D[ R ] am,,3 = C,,7 g g gB D C. (E-67)[V - B -

g g
i

The q x q system, Equation (E-67), may now be solved for aw ,7 and the,

remainder of the solution recovered by back substitution in Equation )
,

(E-66).

j Let dBE and #GE denote, respectively, the total number of multiplica-

i tions and divisions required to solve Equation (E-63) by block and

IICaussian elimination. It has been shown that

E-14
!

.

e

*
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|
|

|
.

fBE = q /3 + (2s-3) q + (4(K+J) - 7 ) q + 7(K+J) - 6s (E-68)3

and

| #CE = (K+J) /3 + (K+J) - (K+J)/3. (E-69)
|

'

|

It can therefore be seen that block elimination has an advantage over
direct Gaussian elimination for a network containing significant
chains, (i.e. q u K+J). NOIRUMP has the capability to decide, based

i
/on Equations (E-68) and (Ec69), which method to use.

It should be point <d out that the preceding description assumes that all
equations '.r interior fluid nodes, non-critical flow links, and interior

metal nodes are solved implicitly. If certain nodes or links are treated

explicitly, certain simplications results and are used. One final point
of clarification is necessary. While we speak of implicit and explicit

nodes and links, we should speak of which unknowns are included in the
implicit linearization. If an interior fluid node, non-critical flow

| [ link, or interior metal node is " implicit", all equations are linearized

with respect to U and M. W, or T, respectively. If an interior fluid

node, non-critical flow link, or interior metal node is " explicit", none
of the equations are linearized with respect to the associated unknowns.

.

.

|
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APPENDIX F

POINT AND CONTINUOUS CONTACT FLOW LINK MODELS'

In this appendix, the concepts of point and continuous contact flow
links are introduced. Their effect on the flow composition in the

*

flow links is discussed.

The void fraction at each end of a flow link is needed for the various
calculations of flow composition in the flow link. These quantities
are defined by the vo,id fraction in the fluid nodes connected by the
flow link at the locations of contact between the link and the nodes.

In the simpler of the two models, the point contact flow link model,

the void fraction a*g at a given end of a flow link can have one of
two values depending on the relative values of the appropriate nodal

mixture elevation E ,g, and flow link elevation Egy.

,

"b if Edx>Egy.
,

(F-1)ajg =

'

1 if Eg<Egy.,

a' is the void fraction in the fluid node mixture.

In the continuous contact flow link model, the flow" link is assumed to

be [ ,,e

s
( )Then the void fraction a at a given end of a flow link is given

|
by

i

F-1

.

e

,-- , , , _
- - - - + - - ,
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| It should be noted that the point contact model permits the void frac-
tion and static quality to change discontinuous 1y as the mixture eleva-
tion crosses the flow link elevation. The continuous contact model
eliminates this discontinuity. Care should be taken in deciding which

|
model to use for a given physical situation. If one is modelling a

l situation where the flow is primarily horizontal the continuous con-
tact model may be appropriate, particularly if the flow area is large
with respect to the height of a fluid node. On the other hand, for
vertical flow links the continuous contact model is not appropriate )

|
' and for small flow area horizontal links it is probably not necessary.

|

|

.

F-2
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FIGURE F-1, Continuous Contact Flow Link
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APPENDIX G
1

DRIFT FLUX MODEL

!

The purpose of this appendix is to describe how drift flux models are used
in NOTRUMP. These models relate the individual component volumetric
fluxes to the total volumetric flux and the void fraction. The energy con-
servation equation for each interior fluid node is affected through the
enthalpy convection terms which account for the enthalpy convection of the
two components separately. The mass equation is unaffected since the drift'

flux model does not change the net mass flow rate in a flow link; it merely
gives individual component flow rates which sum to the net mass flow rate.
The momentum equation is affected through the momentum flux terms and

through the use of the void fraction in calculating frictional and gravi-
tacional terms. ,

The general drift flux model is introduced and the important drift flux
relations are given. Specific drift flux models are then described, cor-
relations for the drift velocity and distribution parameter are introduced,
and appropriate solution techniques are developed.

The drif t flux model is described extensively by Wallis. I' It is essen-

tially a separated flow model in which attention is focused on the relative
notion rather than on the motion of the individual phases. Although the theory
can be developed in a way which is quite general, it is particularly use-
ful if the relative motion is determined by a few key parameters and is
independent of the flow rate of each phase.*

Drift velocities are defined as the difference between the component velo-
cities and the average as follows:

G-1

.

O

, _ , . _ . p .__ _ - - - . , ,,,.y__ - - , - - . , -



I

.

,

V,) = V, - j, (G-1)

V =Vg-j (G-2)
f

where j is the total volumetric flux, i.e., w;1umetric flow per unit

area.

The drif t flux represents the voltaaetric flux of a component relative

'Tto a surface moving at the average velocity, i.e.,

*Y IO-3)- 3)sf " " g d*
*

(G-4)j = (1 - a) (Vg - j) = (1 - a)Vf .
gg

Using

3*Jg+J (C-5)
g

in Equation (G-3) and using

.

j = aV , (G-6)
g

we obtain

J,g = j ,- a(jg + J,) = (1 - a) j, - aj . (G-7)g

Similarly, using ,
,

(G-8)jg = (1 - a) Vg

G-2

-

O



_ - . _

.-

we obtain

j =j -(1 - a) (jg+J)=ja - (1 - a) j (G-9)gg g g g g

Therefore

(G-10)j g = -jgg. .

g

This synenetry is an inportant and useful property of the drift flux.
Substituting for j and j in Equation (G-9) by using Equations (G-8)

g

and (G-6), we get

j = a(1 - a)(V - V ). (G-11)gg g

Therefore, the drift flux is proportional to the relative velocity.
.

|

6

Using Equation (G-5), Equation (G-7) can be expressed in the alternative
forms

(G-12)j - (1 - a)j - jgg,g

| .

j , = aj + j,g. (G-13)

Using (G-3), we obtain
.

.

Jg = (1 - a)j - aV ) , (C-14)g

j = a (j + Vd). (G-15)g

.

G-3

.

e

- - . . _



'Thus far we have not taken into account variations in concentration
and velocity across the cross section of the flow link. We shall not

derive the equations here but simply state that for these variations,

Equations (G-14) and (G-15) become

<j > = (1 - <a> C,) <j > - <a> < <V >> (G-16)g

<j > = < a> (C, <j > + <<Vg3 > >) (G-17)

where the distribution parameter C, is defined by

*
(G-18)C, = , , ,j>

and the weighted mean drift velocity by

<av > j
<<V >>= = . (c.19)

!
>> accounts for drift and C, accounts for slip in the drift flux models.<<V

,

The <>'s denote averages over the cross section defined by the equation

IxdA<x> (G-20).

From Equations (G-18) and (G-19), we see that

lim C =1 (G-21)

<a> + 1

and ,

I

(G-22)g >> = 0.lim <<V

! <a> + 1

Equations (G-16) and (G-17) relate the volumatric fluxes of each component
to the catal volumetric flux and the void fraction. In order to use the
drift flux model in NOTRUMP, we must relate the volumetric fluxes of each

,

I G-4

.



_

|

component to the total mass flux and the void fraction. Continuity gives ;
,

,

i

<j f > + -j >
< '

K- (G-23)G- .

f "g#

Using this equation in Equations (G-16) and (G-17), we obtair. the following
expressions for <j > and <j > in terms of G, v , v , and <a>:g g

"""
(1 - <a>C,)G - <<v,3>>

" (G-24)<j > -
f

,
a

and

(<a>C,)G+("<<V)>>
(G-25)<j > -

g 0 ,,

where

1 - <a>C <a>C
(G-26)+-og I .

y
f g

We now describe specific applications of the drift flux model to NOTRUMP
flow links. G = W/A is known since W in the flow link is known. However,
v , v , and <a> are known only for fluid noces, not for flow links. In

g ,

order to apply Equations (G-24) and (G-25) to determine <j > and <j > in ag

flow link, we must, therefore, define appropriate average values for v , v ,g

and <a>.

One way of defining these average values is the " flux-weighted void fraction" ,
approach. [ a,c

-

k

%

-
es-

G-5
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_

A second way of defining the average values of v , v,, and <a> is the " voidp _

a,c propagation" approach.[
_

.

O

t

!

.
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a,c

-

Referring to Section 2.2 and Appendix E, we see that the quanitites which

must be calculated from the drift flux model are hW and (hW) for specified

flow links. These are obtained from the drift flux relations as follows. .

From the definitions of the volumetric fluxes, we have

<j >g
"f =1A (G-30)vg

and

<j > s

W =+A 1 (G-31).

g v-

8

The sign accounts for the fact that a positive sign means upflow for <j >
and <j >, while for W and W it meas flow from the upstream to downstreamg

code.*

[
.

\ From

G-1{ (G-32)

we have

h=1f .
(G-33)

Therefore,

N

3 f, f.M,1 f , .l _ f (G-34),

3W 3G 3W A 3G v 3Gg

__a . __1 E . l .3W_x . 1- _3 <j >3W 3W
1- (G-35)4

'

3W 3G 3W A 3G v 3G
8

G-7

_

4
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h h

hW = h Wgg+hW =+A( <j > + <j >) (G-36) ,
,g

and
,

h 3<j > h 3<j >

h(hW)=h(hWgg+hW)= gf (G-37)+ .

g 3g

,

From Equations (G-22) - (G-25), we have

BC

(1-<a>C,)-h"'[ >>+<j>BG]< <t'
3, ,

~ '

: BG -p*
a

and

<a>C,+("'[h<<V >> + <j> g]
3,3 ,
d= (G-39).

3G p*

NOTRUMP contains different models for <<V >>. With some of these models,

different models for C, can be used, while with others, the model for C, is
not independent of the model for <<Vg>>.

We first describe some of the models for C,. One model uses the modified

Armand correlation,

~
'

a,e

:

|

_
_

G-8
.

O
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4

.

17]Another model for C, uses the GEND correlation [,
-

a,c

.

-

' . Finally, the non-slip model can be used"for C,, i.e., C = 1. Other models

>> and will be describedfor C, are dependent on specific models for <<V

with them.

'

The first model uses the " flux-We now describe the models for <<Vg>>.
~ weighted void fraction" approach. It uses the Zuber correlation for churn-

turbulent bubbly flow limited by the Wallis flooding correlation, i.e.,

G-9

.

e

- - - , _ -<-,,-,m,_
- - - - - - r
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min (V * , V )) (G-50)<<V >> =
g

where -

egg (p - p") 1/4
V*j =

C
A [ ] (G-51)

g p 2
p
f

F se (1 - <a>)V
(G-52)V ,

,gj 1/2

a+ a ( ) (1 - <a>)
8

_ ,

and ,

agg (p - p ) 1/4
g

=Q[ ] (G-53)V .
2g
g

.

.

A non-iterative method of solving Equations (G-24) - (G-27) with Equations

(G-49) - (G-52) as the <<Vg>> correlation is coded in the modular sub-
routine, DRIFTF. The non-iterative approach in DRIFTF eliminates the

problems of non-convergence and convergence to a non-appropriate solution
._s

which may occur with iterative methode. For this model, C = 1. )
* .)

The second model for <<V >> uses the same correlation as the first but uses
the " void propagation" approach.

The third model for <<Vd>>
ses the " flux-weighted void fraction" approach

and a general bubbly flow correlation:

( gj>> = Vge (1 - <a>)" (C-54)<<V

l
,

| where

2[(f 8
bubble] (G-55)g

V =C ,

gc o g

(G-56)D = min (DTaylor' D ) ,

bubble e

and

G-10

_

@
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og 1/2
c

Taylor - 2 [g (p - o )]
<

(G-57)D .

g g

The approach used here is to approximate Equation (G-54) by a piecewise
linear continuous function which equals (G-54) at <a> = 0.0, 0.1, . . . .

t

0.9, 0.91,. . ., 0.99, 1.0. Then the modular subroutine DFMFIT * is used.
DFMFIT tses a non-iterative approach similar to that in DRIFTF but for ,

specified tables representing priecewise linear continuous functions for

gj>>. For this model, C = 1.<<V
0

The fourth model for <<V
)>> uses the same correlation as the third but uses

the " void propagation" approach.

The fifth model for <<V >> uses the " flux-weighted void fraction" approach

and general droplet flow correlation:

V , (1 - <a> ) <a>"~ (G-58)<<Vj>>
=

g

where

| (p -p)gD
d'']1/28 (G-59)| V =C [

fc o g
.

and

1

! D in (D ~=
drop Taylor, e

For this model, Co = 1.

The sixth model for <<Vgj>> uses the same correlation as the fifth but uses4

N
the " void propagation" approach.

3>> and C,uses the " void propagation" approachThe seventh model for <<V

and the " standard vertical flow" correlations.
,

\-

The eighth model for <<V >> and C, uses the " void propagation" approach
and the "non-quenched core vertical flow" correlations.

.

G-ll
.

O

.
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The ninth model for <<v )>>and C,uses the " void propagation" approach and
the " quenched core vertical flow" correlations

The tenth model for <<v >> and C,uses the " void propagation" approach and
the " accumulator bypass vertical flow" correlations.

.

.

'

The eleventh model for <<v 3>> and C, is an improved version of the TRAC-P1
horizontal flow model described in Reference 21. <<V >> is as:umed to be

C, is obtained from the correlation for revised TRAC-P1 region 1 if 'szero.
<a> < 0.95 and from the correlation for revised TRAC-P1 region 2 if <a>

,

> 0.95. These correlations are described below as part of the revised

TRAC-P1 vertical flow model. The model uses the " void propagation" approach.

The twelfth model for <<V )>> and C, is an improved version of the TRAC-P1
vertical flow model described in Reference 21. The model uses the flow
regime map shown in Figure G-1. This map is two-dimensional in that the flow

regimeisassumedtobeafunctionof|G|and<a>. It consists of 13 dis-
tinct regions. Regions 1, 4, and 6 represent the bubbly / churn-turbulent, -

slug, and annular regimes, respectively. The other regions are transition
_

regions. For these transition regions, linear or bi-linear interpolation

between neighboring regions is used to obtain
<<V 3>> and <a>C,. At <a> =

1, we must satisfy the conditions, <<V >> = 0 and C,= 1. This flow regime

map, while quite simplistic, does model different flow regimes and provides
for continuous transitions between regimes.

,

The bubbly / churn-turbulent flow regime correlations are based on the work

b J.of Ishii

/--

e,c
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The annular flow regime correlations are based on Reference 23.
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The thirteenth model for <<V >> uses the " void propagation" approach

and is based on the Yeh void fraction correlation.
Yeh proposed the following carrelation for the void fraction in a vessel
based on analysis of small break test data:

0.239 <j > a <j > 0.6

<a>=0.925([o (,) g,",,) f,) (G-82)
([ber

))
f

,

where

- A ) 1/408Sc (pg
V = 1.53 [ g] (G-83)

2
#
f

'

and

'O.67 if <j >/V <l.
i

a=d 8 D** (G-84)

[0.47 if <j >/Vber "I*
-_

a,c

s
=

G-15
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For drift flux models 1, 2, 3, 4, 7, 9, 10, 12, and 13, we check whether
to use flooding relationships. If the void fraction of the top node is

For drift flux model 9, weequal to one, then there can be no flooding.
do not use the flooding relationships if <a> is less than 0.8 or if <j >g

For drift flux modelsis greater than 0.0 or if <j > is less than zero.g
1, 2, 3, 4, 7, 10, 12, and 13, we do not use the flooding relationships
if the void fraction of the bottom node is not equal to one or <a> is not

equal to one.

.

The flooding relationships are defined and used as follows.
_

__

a.C
f

,

~~~
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BUBBLY / CHURN TURBULENT FLOW REGIME

.

.

G -

***
8 9 10 11 12 13

'T

|G| C - -

min
1 3 4 5 6 7

SLUG A
N
N
U
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A
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.

8 3 0 k . .

d d d o o o o a
.

<a>
|

|

C = 2000 kg/sec/m = 409.6322872 lbm/sec/ft

G = 3000 kg/sec/m = 614.4484308 lbs/sec/ft

FIGURE G-1. Improved TRAC-P1 Flow Regime Map
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APPENDIX H

- BUBBLE RISE MODEL

4

In this appendix, we discuss the bubble rise (or phase separation) model
-

'

which is used for stratified interior fluid nodes in NOTRUMP. This model
calculates the distribution of the gas and liquid phases when the node is
two-phase. The two-phase node is represented as a tuo region volume, the
upper region consisting of a steam space and the lower containing a mix-
ture of steam bubbles and liquid.

The bubble rise model determines the steam-mixture interface (consonly
referred to as the nodal mixture elevation) in a two-phase interior
stratified node. This affects the flow composition in flow links con-
nected to the node. (See Appendix F). Stratified fluid nodes are par-

ticularly useful for modelling regions which can be characterized by a
definite water level, (e.g., the downcomer region in a steam generator).

Consider Figure H-1 in which a stratified interior fluid node is shownf

with various flow links connecting above and below the nod *1 mixture
elevation. The height of the two-phase mixture in the node is deter-
mined by the volume of liquid and the volume of steam bubbles trapped
in the liquid.

A mass balance on the steam bubbles in interior fluid node i is given by

W g g g gc (W ) - (W ) (H-1)C" (8 * C (W )
gb)i gb)i(M

-

g ,iecT c scig g

(

H-1

.

e*

O

-



''

where, for point contact flow links,

, 1. 0 if (Eg) >(Efy)

1

C, } (H-2)=
g

' O.0 if (E <(Egy)g)i
*

e

and, for continuous contact flow ' links,
-

\e,c

.

../

.-

where F,gx h ghen h @ tion M.

The first term on the right hand side of Equation (H-1) represents the

steam bubble production rate. The second and third terms represent the
net gain of steam b2',bles due to convection from flov links. The last

term represents the steam bubble escape rate from the mixture. '

A mass balance on the total steam in interior fluid node i is given by

i) = (S )t,+ [y (W )g - h (W ) (H-4),g g g g
i c cT ccIg f

(S )g represents the total steam production rate.g

- H-2 -

'

.

4

l
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s
Assuming that the steam bubble production rat'e eqUis the tor.al' steam

', ' '
''production, i.e., ~

?
'

'
.

''N
'N ..,

(H-5)(S )g - (S )g, \ ,

g
,

s

Equations (H-1) and (H-4) crn ' combined to give
\

s
,

'

+ (N ) ~(N ) . (H
gb)1 g)i W (1~Ch)(N ) - W (1 ic ge e |

" ~

g
sect e. sci i A

sg
'

,

s c,
,

The steam bubble escape rate from tha mixtura-is given by s
,

,

-g
N,

W = (op A)m (V - V.)m \ (H-7))',

e 8 g f ,

. \,i ,s
s

'

We have dropped the nodal cubscript 1. The subscript a refers co the
%

1 '"location at the steam-mixture intarface. V and'V here represent the
g 'f

. 7

,

gas and liquid component velocitiens- respectirely. Assuming no v'tria- N,',

'

'N
tion of a, pg, or A in the mixture, we,can write ',

s

(H-8)- V ) ,.W, = a ,1,p A (V gg

\' .s

From Equation (G-17), we' see tnat, at' the stem-sixture interface [
j T
; '

,s . !
1

| '

\' (Ii-9) -

N
(V )a = C < 1 >a + < <Vgj>>

'

g o '

|
;'' >

- -
'

t
I where

,
g

-s , .
s

,

< 1 > f, =a (V ), + (1-c[gj)(v ), (H-10)'

. f
.

.

Combining these two equations, we obtain
s.,

*

}-k x

,
.

I
,1, I

,

N H-3''

s -

v
' .a

k

,\ 4y

i

'
3

.

! ,

t

'u '
g ,_s
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>> + (V )a (C - 1)<<V
f o (H-11)gi,

(V -V )a =g g 1-a Cg

Note that the liquid velocity at the steam-mixture interface is

(H-12)(V ), = Vg /A .g

Since 9

(H-13)V =M v +M v,
fg g

we have
.
w

.

=h V (H-14)+ #g gb g f f.

Therefore using Equatdons (H-11), (H-12), and (H-14) in Equation (H-8),

we obtain

a v <<V >> A v . .

[ + (C -1) ([f Mgb + f)] (H-15)'
W, = N Cmix . g f

Using this in Equation (H-6) gives
-

,
-

-

t

1-Co. g

gb)i
"

1-a mix
-

(H-16)
;

a # ##Yd>> Adx f +(o" }( f 11-a v v
mix g f

.

H-4
b

i

6
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is alculated at a new time by an explicit integration of Equation
(M b)1

.

(H-16). The mixture volume is then obtained from Equation (H-13) and the

nodal mixture elevation from

(V )

(E,gx)i = (E3ot)g+[(ECop)i - (E (~ }
bot 1

i

The correlations available for drift flux in flow links are also available
for bubble rise in stratified interior fluid nodes. The <<Vgj>> calcula-
tions for bubble rise are simpler than for drift flux since <<V )>> is

evaluated at the known void fraction a,g,. However, an effective mass

flux in the mixture, G,g , must be defined for use in the drif t flux corre-
lations. The following definition is used:

--
-. a,C

C

.

\

.

_
__

H-5
,

- .

e

, --
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APPENDIX I

MOMENTUM FLUX MODEL .

The purpose of this appendix is to describe how the momentum flux mcdel is
used in NOTRUMP. It accounts for momentum fluxes arising from density

changes and/or abrupt area changes. It is applicable to all non-critical
flow links in NOTRUMP. The NOTRUMP momentum conservation equations for

these non-critical flow links are affected by the inclusion of the momentum

flux terms. In addition, the model limits the flow in all flow links to

sonic flow.

The governing equation for detennining the mass flow rate in a given
non-critical flow link in NOTRUMP is the momentum conservation equatior.
For non-critical flow link k shown in Figure I-1, it takes the following
form:

.

144 g-

u d k k k+DkL [(P )k - (P )k - CNk"L
+ (I-1)

+ 34 { [pV ] - [pV ]jj + c2 (D 2-Pjl) + EDY 3j2 - EAY 3 } 3 -2g

.

The first four terms on the right hand side are the non-momentum flux
terms. The remaining terms are the momentum flux tenns. They will

not be derived here. See Reference 25 for derivations.

The inclusion of momentum flux in Equation (I-1) necessitates solving
two auxiliary equations at the area change. Let subscripts s and L
refer to locations just upstreau and downstrean (with respect to net mass

I-l
,

_

h



. . . . _ _ .

1 i

!

.

flow direction) of the abrupt area chaage. For steady, frictionless
isentropic flow, assuming that the sonic velocity and flow rate are
constant across the area change, it can be shown thati

_
-

8,C.
,

')

.

.

G

4

3--
_

I-2

_

.

- - -

_ _ _ _ _ _ a-
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a,c

-

Equation (1-1) is the general fonn of the momentum equation to be
solved in NOTRUMP. Unfortunately, not all the quantities needed to
evaluate it are directly available in NOTRUMP. Mass flow rates are
known only in flow links. Therefore, for non-critical flow link k

joining fluid nodes i and j, we must approximate the momentum fluxes
2 2

j and [pV 3 by average nadal momentum fluxes [pV ]9 and[ 2

[pV ]j, respectively. Equation (I-1) becomes

144g-

[(P )k - (P )k - C ! !Nk+DkW
u d k k (I-8)

k*A+AL L7
\

A Ai j

+ g}g { [pV 3,_ g,y 3 ] c2 (,jg_,j]) g,y 3 . g,y 3 g 3 ,2 2 2 2
j j

We now define the average nodal momentum fluxes as follows:
'"-

a,c

m --

I-3

_

O
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%

and

-

a,c

. -s- . .
.

Flow link momentum ' fluxes are evaluated as follows: For single phase

or non-drif t flux flow,

.

| 2y
,

[pV3j],Djl
2 k (7,jj)

A j

.

and

2 sy

[pV 3j2 , 2
,)2k k (I-12).

A8j2 j

.

For two phase (0 < a < 1) drift flux flow,

2 2
-

k
~

W g
2 f o (I-13)[pV ) ] , (]_,) ,

,

.

and

2 2 - k /
-

y y
2k (I-I4)[pV ]32 * * *

pf -a) oAg
J 32. .

.

I-4

-

O
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As tated above, the inclusion of momentun flux terms in Equation

i (I-1) necessitates solving Equations (I-2) and (I-3) for ojt and Mjl*

are given by,ojs,Ajs, and Ajg

.

( I-15)~ .

33 = ok.0

I A, if Wk >~ 0,
(I-16)A

js = i A if Wk<0,j

and

A if Wk > 0.1

d (I-17)Ajt =1 A if Wk<0.9

Equations (I-2) and (I-3) are then solved for p t and Mjt. Finally,j

jj and oj2 are given byp
.

l Ajs k 1 0II N

.

"jl " (I-18)
Ipt if Wk<0j

and

JL k 1 0If N
oj2 ,,

if Wk<0( ojs
,

L

I-5

-

4
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The mass flow rate is limited to sonic conditions, i.e., so that

neither Mj,Mjt, nor

W
k

Mk* I g (I-20)
A cok k -

c.c exceed unity. [
_

.
GM

.

)-

|-
t

I-6
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FIGURE I-1. NOTRUMP Non-Critical Flow Link
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APPENDIX J

.

MECHANICAL SEPARATOR MODELS

The purpose of this appendix is to describe the mechanical separator
models currently used in NOTRUMP. The swirl vane model consists of
special logic for the flow links representing the inlets to the swirl

vanes, the outlets above the swirl vanes, and the swirl vane drains.

The Peerless vane model consists of special logic for the flow link

representing the Peerless vane drains. The current models are from
TRANFLO. As better mechanical separator models of the swirl vanes or

Peerless vanes are developed, they may be included in NOTRUMP.

NOIRUMP currently contains two swirl vane models. The first model is

described in Reference 4 Ist the flow link representing the inlets

to the swirl vanes be denoted by KSVI, the flow link for the swirl vane

outlets by KSVO, and the flow link for the swirl vane drains by KSVD.

The void fraction in flow link KSVO is given by
, - .

a,e

~ <

-- -

where a (KSVO) is the void fraction in the fluid node upstream of
KSVO and SV is the fractional swirl vane efficiency.

- -

3,c

.

.

_ _

J-1

_

e
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<

a,c , [ }
.

An additional swirl vane calculation is the addition of the centrifugal

tem in the momentum equation for flow link KSVD. The quantity
.

-.
._

a,c

"- -

is added to D in Equation (2-8) for k = KSVD. (The nomenclature is
k

given in Appendix A.) ~

~
j .-
' a,c

!

!

.
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i ,
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[ } a,c
_,

An additional swirl vane calculation is the addition of the centrifugal
term in the momentum equation for flow link KSVD. _

Thes quantity
-

- .-
-

-
___ _

a,c

_.

is added to D in Equation (2-8) for k=KSVD. (The nomenclature is given
k

in Appendix A.)'

-
-

a,c

-

The Peerless vane model used in NOTRUMP will now be described. Let the
flow link representing the Peerless vane drains be denoted by KPSD. The
D term in Equation (2-8) is modified for k = KPSD by adding

(. "

k
m

8,C

.

e

O

L

J-5*

.
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APPENDIX K

CONTROLLERS

The purpose of this appendix is to describe the controllers and how they

are modelled in NOTRUMP. The controllers are 1) the feedwater valve con-
~

troller, 2) the throttle valve controller, and 3) the primary water heater
controller. Figures (K-1) - (K-3) are the control logic diagrams for these
controllers. Each control logic diagram can be represented in NOTRUMP by
a set of first order time differential equations. These controller equa-
tions are NOTRUMP components (see Section 2.1.9) and are included as part

We shall nowof the governing differential equations (see Section 2.2).
develop the pertinent equations for the controllers.

The feedwater valve control and response logic diagram is shown in Figure

K-1. The measured steam generator level is given in terms of percent span
of the narrow range level caps. It is calculated in NOTRUMP as'

i

( -

(E ,p)thax((E,1,)t ,Et ] max [(E ,gx) ,t tE -E
t

p g
I 6)WW (#*** ((#g)FWLT' VMLT

I 144g U ;c_

(E ,p) g-max ((Eg )UT g] max [(Emh)W Eg]-E
ga W IFW (vg)g144g max [(v )FWg g, r ]| UT' g _

c-
,

E -E
g W LT

_

144g v (P )c _

x100. (K-1)(=
] 1 1

a [E -
g _

144g v (Pg) v (P )g g

The nomenclature is given in Appendix A.

K-1

.
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v

W F
X is processed by a filter to give X This is represented by the.g
first order differential equation

*

FW l W W
-Xg p) (K-2)g=Tpg (Xg *

L1

The measured pressure downstream of the throttle valve, P , is con-

* verted into a level set point, Xg, by a set point calculation. It is
represented by

FW FW FW
g kD(DTV} (~}X = *

The measured steam flow rate, gp, is converted into a level set point
Y , by a set point calculation. It is represented by

,

([gp) (K-4)YY =

The level error, k C, is deteMned from

(
(K-5)C" LD - F

-

Next, level error compensation is performed by a PI controller, process-

into (, the compensated level error. This is represented bying X
C

("
C'

W
FW P1 W
7 W kCC , (K-7)Z =

I
II

,

md

X =X + Z (K-8).

(
The compensated level error, measured steam flow rate and measured feed-

waterflowrateareprocessedbyasummertogive(where

(K-9)g+W p - WF = .
.,

.

K-3 .

.
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. ,

Feedwater valve control is now performed by a PI controlkr, processing

F int the feedwater valve position demand, This is represented
VE D.

by

X =K F (K-10)
2 p ,

W
i

2 W VE * (K-ll)F=

I I2

and

(K-12)F =X +Z -

D 2

he simulation of the feedwater valve response to the valve position

demand, D, is represented by

n )2
N

i 20 w Z (K-13)(F - FVP)(w -=
VFD n n 33

and

(K-14)Z *=
3

F is the actual feedwater valve position. It ranges from fully closedyp
(0%) to fully open (100%). If the valve is fully closed, negative values

of Z3 (the valve velocity) are not allowed. If the valve is fully open,
positive values of Z are not allowed.

3

,

Finally, the feedwater valve position is used to calculate a feedwater '

~

valve loss coefficient.

(K-15)C (F )C *=

)
ne loss coefficient will be used in the flow link representing the

feedwater valve to modify the frictional loss term and thereby account
for the pressure drop through the valve.

J

K- 4

i

. - . . . - -
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.

The throttle valve control and response logic diagram is shown in

Figure K-2. The measured pressure downstream of the throttle valve,

g , is converted into the measured load, g y, by the relationshipP

(PTV ) (K-16)(TV
TV

X *=

3 DWgg,

The measured load , the load demand b'D(t), and another arbitrary
function of time P (t) are pt_ cessed by a summer to give the load error

hCC"***
TV TV TV TV (~ }h CC " bSiD + 7 ~ b6M

*

The load error is then processed into Y' by a non-linear gain where
C

TV TV TV
bSiC bC (hCC}

~"
'

t

and P *(t) are processed by a summer to give F where
C 8

(C( +P (K-19)F =

Throttle valve control is now performed by a PI controller, processing
This is representedF into the throttle valve position demand, F D.

by

K F (K-20)X = ,p
TV

# 1 TV , (K-21)E F=

1 TV VE
I
II

\
and

@WTV TV , gWp X ,=
VPD 1 1

L

K-5
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The simulation of the throttle valve response to the valve position
is represented by two first order differential equations.demand FVFD

= (w )2 (p - )-2p, ( (K-23)
D

and

(K-24)TVifp = Z -

F is the actual throttle valve position. It rages from fully closed
(0%) to fully open (100%). If the valve is fully closed, negative values

If the valve is fully open,
of Z (the valve velocity) are not allowed.
positive values of Z are not allowed.

. Finally, the throttle valve position is used to calculate a throttle
valve loss coefficient

(K-25).
C (F )C =

The loss coefficient will be used in the flow link representing the
throttle valve to modify the frictional loss term and thereby account
for the pressure drop through the valve.

The primary water heater control logic diagram is shown in Figure

i K-3. The measured mixed heater temperature, T , is processed by a

This is represented by the first order differ-
filter to give T .

ential equation

,

'
<x-26);rg . g _ g .

.

L

K-7

.

O
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The demanded primary water temperature at the heater exit, SP H, and

T are processed by a summer and then by an integrator to give the
_

. first order differential equation

PH , l FH _ f )
t ,g (gp (K-27)Z *

e

H H
Then SP and are summed to give

f=Z (K-28)+ SP .

The measured primary tate temperature at the heater exit, (, is
processed by a filter to give [HOM. This is represented by the first
order differential equation

(K-29)I -THOM)
" .

HOM HOA

and [HOM are summed to giveThen

H, fH _ f (K-30)E -

y 0M

Primary water heater control is now performed by a PID controller, pro-
Hcessing E into the heater gas control setting demand, P This is.

1
represented by- -

PH PH PH (K-31)
1 hE1 '.X "

PH

gPH b PH , (K-32)E=
2 PH 1

1

/H PH
3iPH , "P

gPH _ 0.1 [D (K-33),
0.1 1

and

(~P + +" *

IND l

K-9

.

_

.
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i

.

s

PH H
Finally P is processed into the heater gas control setting, P ,g
by a filter. This is represented by the first order differential

-

equation w

(P -PPH) (K-35)P' PH
1 PH

*=
g p g g

T
A

PH-
P rmges from fully closed (0%) to fully open (100%).g

3
Referring to Equation (2-24), we order the controller differential
equation variables as follows: ,

' N
Y +21+J+1 h' (K-36)"

K

FW
Z (K-37)"

Y +2I+J+2 1K

FW
Z (K-38)I +21+J+3

"
K 2*

FW
Y +2I+J+4 Z (K-39)"

K 3*

(K-40)"
7 +21+J+5 'K .

TV (K-41)
Y +2I+J+6 1eK

TV (K-42)"
Y +2I+J+7 2'K

.

TV
F (K-43)

I +21+J+8 yp,=
K .

H
T (K-44) -

=
Yg+21+J+9 ,

PH (K-45)"
Y +2I+J+10 l.K

-

'

K-10

.
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I

T'HOM s (K-46)N
*

Y +21+J+11K
< .

PH
Z (K-47)"

Y +2I+J+12 2*K '

PH
2 (K-48)"

Y +21+J+13 3*
,K

PH
P (K-49)=

Y +2I+J+14 IN 'K

Using Equations (K-1) - (K-49), we can rewrite the right hand sides of
the controller differential equations as follows:

1 'W ~

-

K+2I+J+1 (K-50)
F +2I+J+1 FW - IM .

" ,

K -

7.

FW
F +2I+J+2 FW bC' (K-51)"

K
*Il
FW

(K-52)F +21+J+3 FW
"

'
K

T ,

I2 v

i

K+2 I+J+4 ("n } I -

I +2I+J+5I"
VPD K

W W (K-53)-2p w Y +2I+J+4,Kn n
.

(K-54)F +2I+J+5 Y +2I+J+4e
"

KK

TV '

bl TV (K-55)F '

F +2 I+J+6 'TV VE
"

K
n .

F +21+J+7 ) [F Y +2I+J+7, (K-56)- I +2I+J+81 - 2pn "n=
s K D K .K

F +2I+J+8 " Y +21+J+7 , (K-57) ,K K

k PH
_ I +2I+J+9 ' (K-58)r +21+J49 .T KK HLA

F +21+J+10 PH(SP -y+2I+J+9)' (K-59)"

K K
C

'

-

K-11

.
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7 . r.
,

"
. .

A

( ~60)I +2I+J+11F +21+J+11 " 0 25 . HOA
~ ,

KK

eH
P PH (K'51)

P +2I+J+12 PH 1
" '

K
'I

PH

I 2)7 +2I+J+13" ~ 'KK+21+J+13 01 1 PH
0.1 T

D

'
1 - PH l

I '2I+J+14j (k-63)" ~

KK+21+J+14 PH , IND -

T
A

NCTERIMP currently treats Equations (K-50) - (K-63) explicitly. Therefore,
the numerous derivatives which would otherwise be required for the genera-

tion of AZW' ^ZU, Agg, AZT' ^WZ' ^UZ' ^MZ, ATZ, and AZZ. fr m Equatica (E-5)
need not be calculated. If Equations (K-50) -(K-63) were treated implicitly,
a large number of derivative calculations would have to be "hard-wired" into
the code logic. In addition, the matrix of Equation (E-10) would have to
be larger.

.

.

K-12
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APFctDIX L
\s s

,
s

s

THTRMODYNAMIC WATER PROPERTIES

'
d , s'y,

The purpose of thief appendix is to describe the set of thermodynamic
.

.

) .* 1 .

;.

water properties cur'rently ustd in NOTRUMP. In Section 3.0,,we dy-;

cussed the " pressure s'earch" for interior fhid nodes' but only to tLe
extent that the pressure' in a node is a function of the, internal eners'y
and mass in the nods, i.e. P r. P (U,M) . We shall describe here how tha'

'

: e

'

pressure search is perfoned. We shall also describe hhw all,other t

properties (includfag deriratives) are obtained. Finally,we;shall.$how
'%

how all properties (excluding derivatives) are calculated given the
pressure, P, and tLe enthalpy, h. This calculation is perf'orsed fcr h, *

i

.
)

boundary fluid nodes and for the inttialization of all fluid nodes.''
\ \ . i ,' (.

.

s

Thepropertiesaredivenintabularform, Table L-1 gives P T '
g,,

h , uf, p . (3P/Su)pg, (3h/3P)pg, and (BT/SP)p . Table L-2 gives P,,g, ' s ,

g g g,

The derivatives(3h/31-)pg, and (31/SP)pTsat, h , u , pg, (PP/Ba)pg, .

g g ,

g

are evaluated at constant saturation densities.

We now describe the pressure search using these properties.' The pres-'
,y

sure in interior fluid node i is determined from the requi oment' that t '

x
.

,
'

the total fluid mass in the node, M , with total internal energy, U , 's
g g

must fill the total volume of the node, V . For the prcperties being
i

used, pressure is an independent variable rather char.'2 dependen't variable. ,

Therefore, the pressure must be determined iteratively.;
)

i A

Enthalpy is the other independent variable. From the definition of
enthalpy, we can relate it to U , M , and V as fo11cvs:

g

(V1)P s, = +0.1W1Ph = u, + < s.

g gg
i i

*

( Specific volume is a thermodynamic function of pressure and enthalpy.
The product of the total mass and the specific volume must equal the
total volume of the node, i.e.,

\

L-1
_
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a

(L-2)M V(P,b)=V *
g g g g

Combining Equations (L-1) and (L-2), we obtain a transcendental equation
for P in tems of U , M , and v ,

g g g g

U V
(L-3)

"i "( i, + 0.18511 P )=V .
g g

i i

We must solve Equation (L-3) iteratively for P .g

.

L

The following procedure is used to solve Equation (L-3) for Pg given

U , M , and V :
-

g g g

1. " Guess an initial P .g

!

2. Calculate h using Equation (L-1)
g

3. Calculate v (P , h ).g g

'

4. If v equals v , then the search is over.g

'
5. If v is not equal to v , then the pressure guess is incremented in s

g

the appropriate direction and steps 1-5 are repeated.

When successive values of v are just above and below v , a linear inter-g

potation on the last two pressure guesses is made to determine the final
,

value for P . The error in this search procedure is limited to the
g

Anon-linearity of the P-v relationship over the pressure increment.
10 psi increment is used for pressures above 25 psia and a 0.2 psi
increment is used for pressures below 25 psia. The initial pressure ,

guess is always taken as the pressure from the previous time step for

| the particular node.

{
The above procedure is used only for a two-phase mixture. For subcooled
liquid, the pressure is calculated from

M M U M

)p = f] -[ -u(p
j P = P(pg=f)+[( )] (L-4)=

g g g
i i i i

,

L-2
.

1 -

i

!

l .



where the " barred" quantities refer to linearly interpolated values from .

Table L-1 with of as the independent variable having the value M /V .
For superheated steam, Table L-2 is used to give

U M

+ [(hg = M
M

)) (L-5)- u (oP = Y(o =-=
g gg g

Other properties are calculated during or after the pressure search.

,

They are temperature, the saturation properties, quality, and enthalpy.
.

For a two-phase mixture, the temperature, the saturation properties, and

the quality y, are calculated at each step of the iterative pressure

search from

(Ty=T,,g (P ) (L-6)

(T,,g)g = T,,t O) (L-7)
g

(L-8)(h )g = { (P )g

(
(h )g = (P ) G-O

g

g (P )]"l (L-10)(v ) = [p gg

(v ) =[ (P )]~ (L-11)

U. V

g f - (h ) g[I + 0.18511 P f
I (L-12)

xg =
(h )g - (h )g8 f

A

After the pressure sear 1h, the enthalpy is obtained from

(L-13)h =Xi (h ) +(1 x )(h )gg g

For subcooled liquid, the temperature is calculated from

L-3

.

4
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#

=[M ,=h+[()o =[M
M

[( )oT T,,t (o-
g gg g

i i ia

(L-14)s,

. [[g )] .g (og =-u
i i

The saturation properties are calculated from Equations (L-7) - (L-11).
The quality is set to zero. The enthalpy is obtained from Equation (L-1).

For superheated steam, the temperature is calculated from .

M M - M

g " Y,,g (p = + pT p
g g g"= *

(L-15)

g (p,= )1i -[ -u

.

The saturation properties are calculated from Equations (L-7) - (L-11).

|
The quality is set to one. The enthalpy is obtained from Equation (L-1).

In addition to all the other properties, certain derivatives are also
P

calculatedduringorafterthegressuresearch. They are (3i
. BT 3P' BT ( sat U)ii

( )g , (3g )g, (3Mb ' "" ( 3P *

U
i i i i i i

For a two-phase mixture,

l 3P 3P ov

(3gb [ I * ~=
'g 2 3o u P

ii i v i i i ig

1
BT BT av

i 1(3g )g =hI I }u *Cau }P ]' (L'17)
2

ii i v i i i 1g

3P 3P 3P

v, ( 3 ) ], (L-18)(33 )g [ (3, ),= -u
,

and

L-4 ''

.

O
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BT ST

( )g -h((BT3,b v (au
~-u ''

y i i v
i i i i i i i

where
..

3P P'-P
f ,,1 (L-20)

(#i)"i
- ,

1 o -p

. ..
*

3T T -T
i f ,,i (L-21)

(30 )"i
- ,

1 0 -p

3P 3P
i i

i (b )M , (L-22)(au )v -M
g g y g

and

3T ST

(au )v - M' ( i) (L-23)i
.

g u i i

'
The primed and double-primed quantities refer to the last and next-to-
last iterations in the pressure search.

.

'

For subcooled liquid,

(3y )g =h.[({},f =[M
3P

i
], (L-24)

i i i i

.

(3U )M " h * ICN}p "NI*I(h),f .[M
BT' M

] (L-25)
i i i f i i

#n
n n-1 n-1 f n-1

P,,g+(f)n +[u-u"]-P,,g-(h,f * [u n-1 - ug]g g pp
f f ' (L-26)

(._ i_)U
.

M n n-1g g
0, - 0,,

and

3T T ,g + ( [u-uh-*

g
f fi *

f
(3M )U n-1 n-1 n-1 p"g n-1( g g 3p

T,,g - (p,f *(h)o * Iu i n-1 ~ "f
(L-27)f

1
o7o" -

L-5
.
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.

The indices n and n-1 refer to two contiguous rows in Table L-1 such that

ofandc bracket 1/v .g

For superheated steam.

[((),g-[M
'P

l
1. (L-28)( )g = g-

ii i i
.

BT - N - M
1 g 1

( 8t'i1)H "F II )0 "TI * II )p " T "] , (L-29)
i i g i g i

.T

BP n n n n-1 p" n-1
I I = P,, + h , * Q - P,,g - hp % y -u] MOBM U 8

i g
F

n, n-1

and 8 8

n n n

sat o o "i "~
3T g g

(;g )U " -

I I n-1 n-1 n-1 o" n-1 UT,,g - ( ), ( ) (u -u ]g ,g g
8 O Dg g

n , p -1np
8 g

The indices n and n-1 refer to two contiguous rows in Table L-2 such that

p",andp"~ bracket 1/v .g

.

'* i
The derivative is calculated from3p )

3( sat i, at a
~

-32)
SP n ,p -1n

i p

where the indices n and n-1 refer to two contiguous rows in either Table

L-1 or L-2 such that P" and P" bracket P .

.

L-6
.

O

- - .



We hava described th] pres:uro cearch, whers U, M.' and V is an incari:r

fluid node are known and whert ? and the other properties (including , ,

derivatives) are calculated. we now describe Low, given P and h, other
properties are calculated. This calculation is done for boundary fluid
nodes and for the initialization of all fluid nodes.

,or fluid node i, given P and h , the saturation temperature and the
<

saturation properties are calculated from Equations (L-7) - (L-11). The
,

'**)' is calculated from Equation (L-32).3(T
derivative 3p

i

!

Therefore,
If (h )g < hg < (h )g, the fluid is a two-phase mixture.

f is calculated fromT is set to (T, )g and the quality Xgg

h - (h )
"

- (h )g *Xi ( ) f

The specific volume is calculated from

(~
v

(L'34)
xg (v }i * (1 ~ *i)("f)1 *

1 g

The quality X is set to zero.< (h )g, the fluid is subcooled. gIf h gg
The temperature and specific volume are calculated from

E-30T = T,,t +( * R - P,,t]gg ,

and
.

1 (L-36)
v

1 ,,
f

where

T:,.,T,,.,-1 T:;;, (t-37>
s

L-7 .

e

.
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( ) = F" ( ) + F"~1 ( ) I. (L-38)
f f f .-

*

= F" P" t + F" P" t , (L-39) s

P
sa sasat

*
o = F" o " + F" o n-1
f f g

h - h"~1
E= (L-41)*a n-1

h -h

h" - h
F"~1

I (L-42)= , '
, ,

h -h

h" = h" + ( ) * [F - P" ], (L-43)

and
.

n-1 n-1
h"~1 = h"~1 + ) [P -P ). G-W-

f

The indices n and n-1 refer to two contiguous rows in Table L-1 such

that h" and h"~ bracket h .g

g 1 (h )f, the fluid is superheated. De quauty X is set to one.If h ig
The temperature and specific volume are calculated from

T = T,,t +(hp R -P (~ }
i i sat

8

and

'
1 (L-46)v =

]
,

*g

where

n-1* n
= F" ( ) + F"' ( ) (L-47) }( ),8

,

3 8 )
,

n-1 n-1 (L-48)p = F" o " + F p ,

8 8 8
.

L-8

_

G
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n n

h" = h " + ( [P -P (~
),8

* -
'sat

and
n-1

(P - P"-1] . (L-50)h" = h " + ( ),8g

* * n n-1
T,,g, P,,g, F , and F are given by Equations (L-37), (L-39), (L-41),
and (L-42), respectively.

.
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TABLE L-l

SUBCOOLI!D AND SATURATED WATER THERMODYNAMIC PROPERTIES

sat sat f "f E# pf o g g g

i

-1.000 -10000.000 -10000.000 -10000.000 151.00000 100.0 .01038 .01038
i

.200 53.140 23.701 23.700 62.33300 98.1 .01316 .00800

1.000 101.740 71.203 71.200 61.96000 115.7 .01163 .00850,

3.000 141.480 110.169 110.160 61.35000 125.5 .01099 .00840

5.000 162.240 130.195 130.180 60.98000 139.5 .01020 .00833

9.000 188.280 156.028 156.000 60.38650 144.1 .01001 .00829

14.696 212.000 181.265 181.220 59.81000 155.2 .00954 .00824

30.000 250.330 219.924 219.830 58.78900 162.0 .00932 .00770

50.000 281.010 250.700 250.540 57.90000 163.0 .00933 .00718

100.000 327.810 298.400 298.072 56.37000 164.0 .00938 .00162

200.000 381.790 355.400 354.719 54.38000 163.0 .00954 .00743

7 400.000 444.590 424.000 422.568 51.71000 158.0 .00991 .00873

5 600.000 486.210 471.600 469.364 49.68000 149.0 .01044 .00941

800.000 518.230 508.800 506.710 47.92000 140.0 .01101 01012

1000.000 544.610 542.400 538.404 46.32000 132.0 .01157 .01094

1200.000 567.220 571.700 566.744 44.82000 124.0 .01219 .01160

1400.000 587.100 598.700 592.725 43.37000 115.0 .012 % 01238

1600.000 604.900 624.200 617.135 41.92000 107.0 .01376 .01386

1800.000 621.030 648.300 640.063 40.45000 98,0 .01478 .0}439
2000.000 635.820 671.700 662.193 38.94000 90.0 .01586 .01608-

2200.000 649.460 694.800 683.902 37.37000 82.0 .01715 .01818

2400.000 662.120 718.400 705.966 35.73000 75.0 .01851 .01947

2600.000 673.940 743.000 728.802 33.89830 67,0 .02039 .02265

2800.000 684.990 770.100 753.773 31.74600 59.0 .02278 02905

3000.000 695.360 802.500 783.284, 28.90000 47.0 .02768 .03571

3206.200 705.400 902.700 872.847 19.88070 32.0 .04056 .04717'

.

O
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TABLE L-2

SUPERHEATED AND SATURATED WATER THERMODYNAMIC PROPERTIES

"g g p, p, b,O
sat sat g

O. 1100.000 1038.000 10.0F-10 10.0E-10 10.0E-10 10.01:-10

.200 53.140 1081.496 1025.000 .00066 .00100 1282.48131 3000.00000

1.000 101.740 1106.000 1044.297 .00300 .00476 272.00000 559.13001

3.000 141.480 1120.922 1055.000 .00842 .01000 121.97412 280.00000

5.000 162.240 1131.100 1063.045 .01360 .02237 58.31667 122.96000

9.000 188.280 1139.638 1069.000 .02358 .03500 36.42006 70.00000

14.696 212.000 1150.380 1077.467 .03731 .05779 22.26616 40.98859

30.000 250.330 1165.334 1089.000 .07275 .09000 13.65558 24.00000

50.000 281.010 1174.100 1095.290 .11744 .16885 7.49875 13.99987

100.000 327.810 1187.200 1105.159 .22563 .36124 3.58864 7.12716

5* 200.000 381.790 1198.400 1113.693 .43706 .69314 1.86625 3.55131 .

p 400.000 444.590 1204.500 1118.512 .86110 1.36420 .94800 1.72109

600.00 486.210 1203.200 1117.701 1.29904 1.97627 .64850 1.12974

800.000 518.230 1198.600 1114.383 1.75840 2.42056 .51840 .88177

1000.000 544.610 1191.800 1109.315 2.24417 3.49370 .36871 61099

1200.000 567.220 1183.400 1103.010 2.i&T19 4.24242 .30271 .48987

1400.000 587.100 1173.400 1095.343 3.32005 - 4.96168 .25730 .39895

1600.000 604.900 1162.100 1086.634 3.92465 4.96168 .25730 .32374

1800.000 621.030 1149.400 1076.796 4.58926 6.06477 .21205 .25462

2000.000 635.820 1135.100 1065.573 5.32481 7.98889 .15994 .20261
.13986 .164672200.000 649.460 1119.200 1053.023 6.15385 9.10939 s

2400.000 662.120 1101.100 1038.592 7.10732 11.50000 .11300 .14534

2600.000 673.940 1080.200 1021.820 8.24400 13.15000 .09850 .12044

2800.000 684.990 1054.900 1001.156 9.66200 15.50000 .08367 10682

3000.000 695.360 1020.a00 972.653 11.65500 18.92000 .06874 07732

3206.200 705.400 902.700 872.847 19.88070 32.00000 .04056 .04717

.
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APPENDIX M <

BREAK FLOW MODELS

In this appendix, we discuss the various break flow models included in NOTRUMP.

They are incorporated as critical flow links and are treated implicitly. For
critical flow lirfk k the following quantities are calculated: the total mass

,

flow rate W , the liquid mass flow rate (W )k, the vapor mass flow rate (W )k'f g
k

total enthalpy flow rate (hW)k, the void fraction ak, the flow quality X , thek

derivative a(hW)k/aW , the specific volume yk, and the derivatives aW /aP (k)'k k u

aW /ah (k)' 8w /aP (k)' 3N /ah (k), a(hW)k/aP(k),a(hW)k/ah(k),a(hW)k /3P (k),dk u k d k d u u

and a(hW)k/ah (k)*d

M.1 Preliminary Calculations

The break flow models use the donor stagnation pressure, the recipient stagnation

pressure, and the donor stagnation enthalpy as the independent variables, For
most break flow models, they are calculated as follows:

For critical flow link k, the upstream and downstream stagnation pressures are

calculated first from

P = (P }k (M-1)u

and

S
P =(P)kd

The donor and recipient nodes are then determined as follows: donor (k) = u(k)
sand recipient (k) = d(k) if P >P ; donor (k) = d(k) and recipient (k) =

s( u(k) if P <P Thus, Pdo r(k).and Pr c pient(k) are set..

l
'

The donor stagnation enthalpy is calculated next.

stk(k)=(1-X) min [(h ) donor (k)* " donor (k)3
'

h
fg

8 * max [(h ) donor (k), hdonor(k))'+X
| g

M-11

.

e=

|
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..

where

8=,# ($.,)y (M-4)X .

RIf Ypipet $p,I" mix) donor (k)
(M-5),Fmix(" mix) donor (k) + (1-F,gx) * 1 if -Rpgg, y $p,<R gp,<=

if -Rp$p,>yggp,
,

Y
2 p pipe

,0],1], (M-6)F,gx = min [ max [(e})Rpj
pipe

e = sin-I D1P' ' (M~7)

* pipe

1/222 (M-8)pipe)* pipe " INpipe -Y ,

(M-9)
pipe = (E,4,x) donor (k) - (Edonor)kY ,

,

and

)pgp, = max (f(Dcont)k,0). (M-10)R

is the void fraction in the fluid node mixture. D is the continuous flowconta ixm
link diameter (D is zero for point contact. flow' links). The donor stagnation

cont
state is detennined to be subcooled if h) 9 (k) < h (Pstag (k)), saturated ifr f 9 r

r(k))*r(k) > h (P
s g

)<hdon r(k) " b (P r(k)), and superheated if hdh(P g dog dof 7

M.2 Choked Flow Models

The following available models all assume choked flow. The model actually used
will depend on user specifications and the donor stagnation state. .

26]M.2.2 Moody Correlation

The Moody correlation can be used for a subcooled or saturated donor stagnation
state. For critical flow link k, subroutine GPMMDY is called to give the -

t

mum mass flux G(P|gn r(k),h k)),th static throat ressure P (p r(k)'a a
m n

and Since the
don r(k)), and the partial derivativesh

.

stag stag
3p

donor (k) donor (k)

M-2

.

O
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Moody correlation assumes an isentropic flow process, the don:r static state at
$ 9

'

the throat can be found by comparing s(P a9 (k)' h on r@)) with saturation en-nr
tropf es at the throat. ,

i

for a subcooled or saturated donor stagnation state, we have

3(hW)k stag IM-II)h '

aW donor (k)k

(M-12)
r(k))Y = v(P r(k),hdok do

,

,

3G -

=0stag
(M-13)3precipient (k)'

and

aG =0 *

stag (M-14)abrecipient (k)

M.2.3 Modified Zaloudek Correlation
f

The modified Zaloudek correlation can be used for a subcooled donor stagnation
The original Zaloudek correlation [ 8] isstate. .

9 I/2c(Pdo!r(k)-P ID
nr(k))3satstag stag

G(Pdonor(k).hdonor(k))=0.95[
*

stag stag
v(pdonor(k),hdonor(k)) (M-15)

i

This has been modified as follows:

8,C
*
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M.2.4 Orifice Equation

The orifice equation can be used for a subcooled donor stagnation state. The mass

flux is given by
s

stag stag stag c d r(k)-Prec pient(k))3 */29 (P 1

gpdonor(k)'precipient(k)'3 donor (k))=C [ stag (k))2 stag
y(pdonor(k),hdonor

(H-31)

C is a user-specified constant. The static throat pressure is given by
2

t t
-

P {p ) = 0.58 Pdo r(k)* (M-32)

The remaining quantities are calculated as follows:

stag stag stag
G(Pdonor(k)'precipient(k)'hdonor(k))

3G 1

stag ,7 stag stag
P donor (k)-precipient(k)aP

donor (k)
'b

stag stag stag
G(Pdonor(k),Precipient(k),hdonor(k)) ( - av )hstag

(M-33)
,1 .

stag (k) donor (k)stag stag
v(Pdonor(k)'hdonor(k))

aPdonor

stag (k)) (
stag stag

O(pdonor(k),Precipient(k)'hdonor av
)Pstag3G 1 .

stag,,7
stag (k)) donor (k)

donor (k)
stag (k) y(pstag (k)'h ab

ab donordonor donor
(M-34)
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stag stag
g(pstag (k)'precipient(k)'3dontr(k))

3G 1 donor .

stag stag (M-35),,I
donor (k) , precipient(k)stag .

p
aP recipient (k)

3G =0 (M-36)*
stag

ahrecipient(k)

=0 (M-37)"k

Xf = 0 .

(M-38) |

3(hW)k = hstag
aW donor (k) (M-39)

k,

stag stag
Y ,V(pdonor(k)'hdonor(k)) (M-40)k

av are given by Equa-av and( )pstag (k)I stag (k)The derivatives ( h donordonor ah
,

8P don r(k)do r(k)
| tions (M 46) and (M-47), respectively.

M.2.5 Murdock And Baumann Correlation
t' The Murdock and Baumann correlation can be used for a superheated donor stagnation

state. The mass flux is given by

stag (k))]I O
Istag stag C 0 "

G(Pdonor(k)'3 donor (k))=C[
*

3 stag
(M-41)y(pdonor(k),hdonor

C is a user-specified constant. The static throat pressure is given by
3

t stag
r p (pstag (k)) = 0*58 Pdonor(k)

(M-42)
*

donor
<

s

The remaining quantities are calculated as follows:

stag stag
G(Pdonor(k)'3 donor (k)3G 1

, 7 stag (k)~precipient(k)
stagstag p3p

donor (k) donor(.
stag stag

0(pdonor(k)'hdonor(k) av1
.

I )hstag
~ f (P stag (k) donor (k) (M_43)stag (k))

stag 3Pdonor (k),hv donordonor

M-7
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stag stag
G(Pdonor(k)'hdonor(k)y avaG -1 I )Pstag (g,44).

" f (Pstag stag stag
donor (k)stag

donor (k),hdonor(k)) abdonor(k) ,

ahdonor(k)
v

(M-45)=0 .

stag
3Precipient(k)

(M:46)=0 .

stag
ahrecipient(k)

, .

(M-47)"k" l *

' N,

(M-48)Xk "I -

a(hW)k = hstag (M-49)
aW donor (k)

-

k

stag stag (M-50)
v = v(Pdonor(k),hdonor(k)).k

stag (k)) .stag stag
.t. stag (k)'hdonor(k)),y(pdonor(k)~10'hdonor'gnorav

{ )hstag 10
=-

s
g (k) donor (k) (M-51)3P r

stag stag
stag (k)+10)-v(Pdonor(k)'hdonor(k)) .

stag
y(pdonor(k)'hdonorav

{ ) stag =

stag (k) donor (k) 10ab
9 r (M-52)

M.2.6 AME Steam Property Sub-Program (CRFL9)

r(k),h]9(k)),themassflxASME steam property sub-program CRFL9 retu ns G*(Pdo r

of superheated steam in units of lbm/hr/in . The mass flux in units of lbm/sec/ft
)is given by .)

do r(k),hdo r(k))* 4 G*(Pst 9 (k).h (M-53)r(k))G(P
.

gn r d

C is a user-specified constant. The static throat pressure is given by }4

Y

)y-1)(
t t 2 (M-54)P(p ,hhta ),(

M-8 ,
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where y is the isentropic expon:nt and is giv:n by
.

C (Pstag (k)'hstag (k))p donor donor (M-55)
.

Y"
stag (k))O (pstag (k),hdonordunor| v

y is returned by sub-program CRVEL.

| The remaining quantities are calculated as follows:

nr do r(k)-10.hdc.!r(k)) .(M-56)G(Pfofjr(k).hjta9(k))-G(P
3G ,

10stag
aPdonor (k)

stag stag stag stag|

G(Pdonor(k),hdonor(k)+10)-G(Pdonor(k),hdonor(k))
'

3G (M-57),

stag 10
ab

donor (k)

=0 (M-58)
.

stag3precipient (k)

(M-59)=0 .

stag

( abrecipient (k)

ak =1
- (M-60)

.

X[ = 1
(M-61)

.

a(hW) (M-62)=h
aW do r(k).k

'k = v(Pst 9 (k),hstag (k)) (M-63)
nr g r

M.3 Unchoked Flow Model

For totally unchoked flow the following model is used:
,

(
2889(Pjgtag(k)-Pfe pient(k))3c r 1/2

stag (k)),C5{stag stag
G(Pdonor(k)'precipient(k)'h -

stag stagdonor
y(precipient(k)'hdonor(k)) (M-64)

M-9
_

O



C is a us:r-specificd ccnstant. The remaining quantities are calculated as
5

follows:
stag stag stag .

G(Pdonor(k)'precipient(k).hdonor(k)
(M-65)3G 1 .

3pstag ,7 pstag stag

donor (k) donor (k)_precipient(k)

stag stag stag
g(pdonor(k)'precipient(k)'hdonor(k))3G 1 av

ah on r(k)'
don r(k) v(Pf,"cpient(k),hdo!r(k))ah d r(k)

(M-66)

stag stag stag
g(pdonor(k)'precipient(k)'3 donor (k))

3G 1 ,

stag ,_7 stag stag
pdonor(k)~precipient(k) .8p

|
recipient (k)

stag stag stag
G(Pdonor(k)'precipient(k)'hdonor(k))[ )hstag

av
.

donor (k) (M-67)3Pfe pient(k)
,

3G (M-68)=0 .

stag
ahrecipient (k)

don!r(k)1 b (Prec pient(k)), then the flow is subcooled and we have:
S

If h
f

stag stag stag stag (k)"10)V(precipient(k)'hdonor(k))~y[precipfent(k)'hdonor
av

( ) stag 10
=-

do!r(k) recipient (k) _ah

stag stag stag stag (k))and

(
_

recipient (k)+10'hdonor(k)),y(precipient(k)'hy(p donor
av Ds o r(k)r c pient(k) (M-70)aP

U
r(k)<h(Pfecpient(k)),thentheflowissaturatedIfh(Pfecpient(k))<bf do g jand we have

stag stag
V (Precipient(k)}~Vf(Precipient(k)) (M-71)

av o
tag )Psa s s

c pient(k) h (Prec pient(k))-h (Prcpient(k))ah|g fp g

and
dv dv

= (1-X) +X
( )hstag (k) stagstag dP

recipient (k) recipient (k) recipient (k) M-72)stag donor dP3P

M-10 ,
,
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8' # dh"dh
-( )Pstag *[(1-X) +X 3

"

S 5tag recipient (k) dPahjn r(k) dPrec pient(k) rec pient(k)

where

stag stag
donor (k) h (Precipient(k))h

f (M-73).X=
h(Pf,"cpient(k))-h(Pf,"cpient(k)}g f

U
r(k) ' h (Pfec pient(k)), then the flow is superheated and we haveIf hdo g

y(pstag stag stag stag\
av _

recipient (k)'hdonor(k)+10}-v(Precipient(k)'hdonor(k)
10re pient(k) (M-74)ahdon r(k)

and

stag (k) .y(pstag stag stag

( )hstag
_

recipient (k)'hdonor(k)),y(precipient(k)-10.hdonorav
105

donor (k) (M-75)aPrecpient(k)

M.4 Choked Flow Conditions

For the choked flow models described in Sections M.2.2 through M.2.6, a test is
s t

made as to whether the flow is indeed choked. If Prec pient(k) < P . then choked
flow conditions are assumed and the following quantities are calculated:

*G (M-76)= 1 (C )g AkW .gg

(W )g - (1 - () W (M-77).

f g

(W )g - ( W (M-78).

g k,

a(hW)k
(hW)k" aW k

k

k n k st k 1 0.(C )k *A II N'
,

aP
donor (k) (M-79)aW lk

aP (k) II Nk < 0.u
-(C }k A stag

D k "P
'

recipient (k)

M-11
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W is positive 'f P 1 P and negativa otherwise.
k

.-

t 0.(C }k A k
"'

D k st (M-80) yabdonor (k)

4 0.ah(k) -(C )k ^k stag ku D ahrecipient (k)
'
,

aG

k 1 0.(C )k * ^k stag if W*

D 3P recipient (k) (M-81)
aW

k N
I" k < 0.aP(k) -(C )k ' ^k stagd D 3p

donor (k)

0
(C }k " ^k stag k 1,'

D ahrecipient (k)
(M-82)

k < 0.ah(k) -(C }k ^k std D ab
donor (k)

a(hW)k , a(hW)k
aW

'}(M-83)k .
.

aP (k) k u(k)u

3(hW)k , 3(hW)k . 3w (M-84)k -

ah (k)aW
ah (k) k uu

a(hW)k , a(hW)k . aW
'

(M-85)k .

3P (k)aW
aP (k) k dd

a(hW)k , a(hW)k . 8W (M-86)-k -

ah (k)ah (k) kI dd

M.5 Unchoked Flow Conditions

For the choked flow models described in Sections M.2.2 through M.2.6, a test is
s t

rec pient(k) > P . then it ismade as to whether the flow is indeed choked. It P

not.
\
)

M-12
,

.



A user-specified constant C is used to provide a smcoth transition between choked ~
6

and totally unchoked flow conditions. A weighting factor for unchoked flow is de- "

fined as
_
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APPENDIX N '

NODE TRACKING AND MIXTURE LEVEL TRACKING MODEL

In this appendix, we discuss the node stacking and mixture level tracking model.
This model allows any number of vertical stacks of regular interior fluid nodes,
each stack connected by any number of point contact flow links. Within each

stack, the mixture level is tracked.

Before describing the model itself, let us examine the motivation for such a
model. A non-homogeneous or stratified interior fluid node has a mixture eleva-
tion. All fluid in this node, however, must be in thermodynamic equilibrium.
In order to model a region which is expected to have a single mixture level,
but which is not expected to be in thermodynamic equilibrium, a single node
would not appear to be adequate. One can model the region with more than one-

node vertically. However, when doing this in the past, one had to specify
each node as always being stratified or homogeneous. Using homogeneous nodes

precluded having the detail of a mixture elevation in those nodes. Using
stratified nodes often led to the " layer cake" effect where the region con-
sisted of alternating layers of mixture and separated steam. This is a physi-
cally unrealistic situation. It causes particular problems in the flow links
connecting the nodes in the stack.

The model to be described here gives the advantages of stacked nodes without the

disadvantages described above. Mixture elevations in nodes in the stack are

| created and destroyed as necessary to track a mixture level in the stack.
1

}pe now describe the node stacking and mixture level tracking model in detail.
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APPENDIX 0

HORIZONTAL STRATIFIED FLOW MODEL

In this appendix, we discuss the horizontal stratified flow model. This
model represents stratified flow in horizontal circular pipes. It allows
for the possibility of co-current or counter-current vapor-liquid flow.
The model is similar to the horizontal slip model in RELAP4/ MODS It.

models the horizontal pipe with a pair of non-critical flow links, one link'

representing the lower (liquid) component and the other link representing

|
the upper (vapor) component of the stratified flow regime. The links have

'
variable flow areas, inertial lengths, and equivalent diameters. The model
accounts for both wall friction and interfacial shear pressure losses.

A pair of non-critical flow links consists of one link representing the
lower (liquid) component and the other link representing the upper (vapor)
component. These two links must have'the same upstream node, downstream

|[ node, upstream elevation, downstream elevation, non-zero continuous contact
\ flow link diameter, and length.
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APPENDIX P .

PUMP MODEL

The purpose of this Appendix is to describe the pump model in NOTRUMP. This model
may be used in up to four flow links of any type except horizontal stratified flow
model links. The model is primarily designed to simulate reactor coolant pumps
but, due to its generality, could be used for other pumps. Five major calculations

make up the model. First, donor flow conditions are determined. Next, these con-

dicions are used together with the speed of the pump to determine the pump head.
Either an inlet density model or an equivalent density model is used together with
the single-phase head-flow-speed homologous curves. Next, the pump discharge
pressure fa calculated from the energy equation for an isentropic process given

the pump head, mass flow rate, and donor flow conditions. If no discharge pres-

sure can be calculated, a critical flow calculation is performed in which the flow

rate is reduced to its choked flow value and the discharge pressure is then cal-

culated. Finally, a coastdown calculation is performed. Either the inlet den-

sity, an average of the inlet density, and the equivalent density is used together

with the single-phase torque-flow-speed homologous curves to determine the pump

( hydraulic torque. If the pump is coasting, the hydraulic torque, friction and'

windage torque, and the electrical torque are used in the integration of the pump
angular momentum equation to obtain a new pump speed. We now describe the cal-
culations in detail.

Donor flow conditions are determined first. The donor prssure, P , and enthalpy,
D

h , are based on the direction of the net mass flow rate through the pump. Know-
D
ing P and h , we n w calculate all other donor conditions. First, the saturation

D D

(h )D' g D' ("f D' (#g}D, (s )D' ""properties are calculated; i.e., (T,,g)D, f g

{ (s )D. Next the donor fluid state is determined. It is subcooled if h 1 f D'D

saturated if (h )D b# g)D, and superheated if hD - (h )D. For a subcooled#
g

donor fluid state, we have

(( D = s (P ' b}s 'D

T = T (P , h ) (P-2),g D D

(P,,g)D =P '
sat D

P-1
~
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,

_ _ _ _ _ _ _ ___



- - - _ _ . _ _ -

(P-4)
( D' D)

.# ~#
D

(F-5)
D"0 .

.
X

(P-6)
o -- 0- .

g

(P-7)
(" slip D " .

and

(P-8)
(v, )D " #D

*

For a saturated donor fluid state, we have

h - (h )D (P-9)D g
e

D " (h )D
X

(h )D
-

g

(P-10)
(s )D + XD.. (s )DD"(I~X)* .

s g gD

(P-II)-
(T .T =

D sat D
.

(P-12)
(#f)D + XD' (#g}DD"( ~X)

,'v D

(P-13)*

(P,, )'D " .

D

(#XD* gD -(P-14)
.

D"c v
D

(P-15)_
(a, gip)D ~ "ARMAND (XD' D' f D' g D)# # .

and

(P-16)!(#f}D + ( slip}D (#g}D(v,31p)D " I(I - ( slip D
.

-
.

e

d.C -

P-2 .

.

w
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evaluated at the donor fluid state where .

a,c

!
i

._

~

For a superheated donor fluid state, we have

(P-19)s = s (P , h ) ,
,

D D D

(P-20)T =T(P,%) ,

D D

(P-21)
D " " ( D' D)| v ,

(P-22)(P,, )D " sat ( D ,

(P-23)
x =1 ,

3

(P-24)
G =1 ,

D,

(P-25)=1 ,

(" slip D

and,

(P-26)(v, )D " "D
.

/(, Pump head calculations are performed next. These calculations consist of two
First, we must determine the density to be used to obtain a volumetricparts.

flow rate from the mass flow rate in the pump. Second, we use this volumetric
flow and the pump speed together with the single phase head-flow-speed homologous
curves to calculate the pump head.

P-3 .
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The pump density calculation uses one of two modals. Ths pump head " inlet dsnsity"
-

model simply uses the donor specific volume for the head specific volume; i.e.,,

%

I-DvH " "D
*

-

The pump head " equivalent density" model is more involved. [1 cc
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2,c
.

.-

.

v

< - .

and

~" (* D' 'D)v (P ' 'DD
0.01 P

(P-34)*

.( (h),=--

(v (P , s
D D

Now that we have the head density for any donor fluid state, we calculate the
volumetric flow rate (gpm] from the mass flow as follows:

Q - (7.4085195) (60) . W vH
*

g

Then we use this volumetric flow race and the pump speed together with the single

'( phase head = flow-speed homologous curves to calculate the pump heat H [f t].

The discharge pressure is calculated next from the energy equation for an isentro-
Thepic process given the pump head, mass flow rate, and donor flow conditions.

(..energyequationtobesatisfiedbythedischargepressure,P, s
R

,

(" slip R)2 (" slip}D)2
*

*

k b
J- ([h (P , s + - D+ 2Jg

*

R D 2Jg cc

_ _JL . H - 0
C -
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f Note that P 3Ppears in h (P ' 'D). It also appears implicitly in (v,7 )R " "
.. .

R R
s, therefore, a transcendental equa-

is simply v (P , sD. qua n -

R
tion for P and must be solved accordingly.

R

Any solution method will need to evaluate recipient flow conditions, in particular,

R' 'D).
Since we have assumed an isentropic process, the

h (P ' 'D} "" slip
#

R "" "rscipient entropy is known to be equal to the donor entropy s * RD

t.nd s . we can calculate all other recipient conditions. First, the saturation
D

g R' "f R, andproperties are calculated; i.e'., (Tsat)R' ( f}R' g k' (#f}R' (#

(8 )R.
Next the recipient fluid state is determined. It is subcooled if s ID

For a sub- %8 A (*g)R.(o )R saturated if (s )R "D s )R, and superheated ir s# D
g g g

cooled recipient fluid state, we have

(P-36)
h = h (P , s ) ,

R R D

(P-37)
(P ' 8D)

,

RT ,

R

(P-38)
(P, )R " (R ,

sat .

(P-39)
R"# ( R' R)

,v

_:
3 (P-40)

X =0 ,

R ,

a =0
- (P-41)

,

R

.

and 1

(P-42)
(v )R R

.~ #

/
For a saturated recipient fluid state, we have

- (s )Rs gD

R " (s )R
X

s )R-
g

(~ )
fR+X' (h )RhR " (1 - XR

*'

R g

(P-45)
T ~ ( sat R

,

R
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_

.

~

!

(P-51)*

h = h (P ' 'D)
,

R R

(P-52)
T = T (P ' 'D)

,

R R
..

;
(P-53)

R"# ( R' 'D)
,v

(P-54)(P,,t)R " R)
..

sat

(P-55)
X =1 ,

R

(P-56)
t, a =1 ,

R

(P-57)
(a,1ip)R =1 ,
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When we have successfully found P , we need not perform a critical flow calculation.
R

If a solution cannot be successfully bracketed in n attempts, we go to the criti-

cal flow calculation if the calculated pump head H is negative, the input variable

NWMAX is greater than zero and we have not yet been to the critical flow calcula-

tion. Otherwise, the calculation aborts.

The critical flow calculation is performed next if necessary. For this calculation

we do up to NWMAX iterations on mass flow rate. For each flow rate we do up to

r iterations on discharge pressure whereggg
__
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The calculations consist of T.
The pump coastdown calculations are performed next.

Second, if theFirst we calculate the torques acting on.the prep.two parts.

pump is in the coastdown mode, we integrate the angular, momentum equation for the
pump to obtain a new pump speed.
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APPENDIX Q .-

VARIABLE AREA FLOW LINKS

This Appendix describes the N@ TRUMP variable area flow link models, addresses
modeling considerations, and indicates how the models can be accessed./

User-Supplied Externals FAFL(K) And FADFMFL(K)

The variable area flow link models are accessed via two new user-supplied ex-
f

ternals:

FUNCTI@N FAFL(K)

and

FUNCTIWN FADFMFL(K).

FAFL(K) is a multiplier on AFL(K) for flow link K. FADFMFL(K) is a multiplier
-

on ADEMFL(K) for flow link K. Both are described in Appendix C. We shall now

describe in detail where the multipliers are applied.

First,Several points should be noted about these user-supplied externals.
since all user-supplied externals are now " generalized" (see Appendix C), the
flow areas can be functions of numerous variables. Second, it a user does not
supply FAFL or FADFMFL, N@ TRUMP provides default versions which have values of

However, if a user supplies FAFL or FADFMFL in order to vary the flow area1.0.
of any flow links, he must make sure that in his versions of FAFL or FADFMFL all
other flow links still have multipliers of 1.0. For example, if flow link 80 isi

to go from fully closed to fully open in 2.0 seconds beginning at 60.0 seconds
but all other flow links are to be constant flow area links, the following FAFL

could be used:.

FUNCTIWN FAFL(K)
FAFL=1.0
IF(K.NE.80) RETURN
TIME =RVALUE(4HTIME.1)
FAFL= AMIN 1 ( AMAX 1 ( (TIME-60. 0) / 2. 0. 0. 0) ,1. 0)

,

RETURN
END

Q-1
-

.
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Va.risblo Are Flow Link Modale
'

The multipliers FAFL and FADDfFL are used in the calculation of frictional terms,
momentum flux flow limiting, break models, and drift flux models. We now de-
scribe in detail where the multipliers are applied.

FAFL is used in calculating frictional terms for non-critical and pseudo-steady
state critical flow links (ITYPEFL(K)=1,2,3,-8). Specifically, the multiplier

is applied to g in' Equations (5-34), (5-35), (5-36), (5-37), (5-39), (5-40),
(5-41), (5-42), (5-43), (5-44), (5-45), (5-46), (5-47), (5-50), (5-51), (5-52),
(5-53), and (5-55). Note that since g appears in the denominator of most of
these equations, FAFL should be non-zero. Therefore to model a fully closed
flow link, one might use an FAFL value of 1.0E-10.

j .

FAFL is also used in calculating flow limiting for the momentum flux model (Ap-

pendix I of Reference 1). In particular, it is applied to A in Equations (I-20),k

(5-21), and (5-22) of Reference 1.

Finally FAFL is used directly as a flow area multiplier for break flow model
critical flow links (11TPEFL(K)--2 -3 -4,-5,-6.-7). Specifically, it is applied

,

in Equations (M-93) and (M-105) d Reference 1. FAFL can be zero for
-

to Ak >
this use. .

:.
.,

FADFMFL is used with the drift flux models. Specifically, it is applied to A
in Equation (5-17) of Referencein Equations (G-30), (G-31), and (G-32) and to Ak

1. ,

Modeling Considerations

A primary use of the variable area flow links is anticipated to be for the model-
ing of various types of valves. Friction effects, flow limiting effects, and )

^'

the effects of flow area on break models can be modeled using FAFL. It is not
clear whether or not separation effects should be modeled. FADFMFL is available,
however, so that these effects can be modeled if desired.
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APPENDIX R
.

ACCUMULATOR MODEL

Thdfpurposeofthisappendixistodescribetheaccumulatormodelcurrently
used in NOTRUMP. In Section 3.0, we discussed the " pressure search" for in-
terior fluid nodes but only to the extent that the pressure in a node is a
function of the internal energy and mass in the node; i.e.. P = P (U,M). For

,

accumulator interior fluid nodes, special nodes with an upper region of nitro-
gen and a lower " mixture" region of water, the pressure is also a function of
the initial pressure and nitrogen volume. We shall describe here how the
pressure search is performed. We shall also describe how all other properties
(including derivatives) are obtained.

The properties of water in the accumulator model are those used in regular
fluid nodes. They are given in tabular form by Tables L-1 and L-2. The use

of these tables to calculate all properties (excluding derivatives) given the
pressure, P, and the enthalpy, h, is described in Appendix L.
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Once the pressure and fluid enthalpy have been obtained, the other properties
Tare calculated just as in a regular fluid node. These calculations are given ]

by Equations (L-7) to (L-11) and (L-33) to (L-50). In addition to these pro-

. perties, certain derivatives are also calculated using the pressure search
with perturbed values of U"1 anc M". They are calculated as follows:

'
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APPENDIX S ,

AN OPTIONAL TIME STEP SIZE SELECTION METHOD _

In this Appendix, wo discuss the theoretical and mathematical aspects of a time a,cJ The actual algorithm used
step selection method,(

is described in Section 10. In this Appendix we begin with a discussion of two

concepts of accuracy, those of " local relative error" and " general relative
Next, we show the application of these concepts to time step selectionerror".

in areas of continuity of the system of differential equations being solved.
A

linear extrapolation concept is developed for application to the two primary
areas of discontinuity,( - a,c

the time step selection are introduced.
] Other considerations which affect

Finally, the actual algorithm used is explained step-by-step.
-

a,C,_

'

(
|

C

~s

S-1
_

.

- - _ _ _ _ - - - - - - - - - - - - - _ _ _ - _ - _ _ _ _ _ __ _ _ _ _ __



_ _ _ _ __

***
M

f

G,C .

%

k

)s

-

M

S-2 '

.

O

_ _ _ _ _ _ -



emusu

3,C--

.

t
|

;

/

|
|

!
,

| .

|

1

i

|

,

.

i

f

e i
\

i
!

l.

muum

\

S-3
_

O

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . _ _ _ _ _ _ _ _ _ _



- _ _ _ _ _ _ _ _ _ _ _ _

E

% $
.

*

\

.

**

!

J

>

)
_.

m

S-4 ) |

_

e

u . . . . _ . _ _



. ,

me

5,C ,

,

I

f

f

1
i

9

i

,

9

/

,

,

, .

M
i

..

$

**

6

M

o W

S-5 .

.

4 '

. .



...

'

| ac
,

f

/

_.

W

S-6
.

E

_ _ _ _ _ _ _ _ _ . _ . _ _ _



__ ._ _ _ _ - - - -- --

emut
m

* O 9,

C

(

;
\

(
,

&
map

\

S-7 .

-
. _ _



---_- -.__

-,

Y

.

D,C

|
4 3 3

.

4

(

,

I

e

.
J

).;

,- M

S-8
.



6

i um SC y

-
I

|

t

a

h

(

.

!

)

.

I

.\

9

h

(~

Wm

4

S-9
.

9

na- i
. .



_ _ _ _ _ _ _ _ _ . _ . . _ _ . _ . _

uma

e

3,C

.

%

I
J

.
O

_

m

S-10
_

S

_ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . -. __ ___ _ _ _ _ _ _ _ _



._

h

-- 9

3,C

.

1

I

.,

.f

.

4
0

n

M> eman

S-11

.



_ _ _ _ _ _ _ _ _ _ _

W
_

.
| 0,C

h

1

!
i

m

o

I
=

. ra
e

_

./
=

\
1

i
i

n

.A

6)

S-12 _

e

h-__



/ f i , ! ? *h*

*- .

-

,/
*

#] -
@IMf

'',.
GPU Nuclear

'' P.O. Box 388
- _ _._ p , Forked River, New Jersey 08731

609-693-6000
Writer's Direct Dial Number:

January 21, 1982

Mr. Ronald C. Haynes, Administrator s
,

U.S. Nuclear Regulatory Conmission Q L--( '
Region I p 'N
631 Park Avenue LKing of Prussia, PA 19406 .

L_.
-

p.
A

ug;PR 5c.od?|S$23|,j(
-

ICDear Mr. Haynes: ,

c~. m
Subject: '. Oyster Creek Nuclear Generating Station Icc #''4 A~

['Docket No. 50-219 bCoordinated Emergency Exercise 4_

In accordance with FEMA Guideline Mcsnorandum No.17, enclosed is a
listing of the objectives for the NRC/ FEMA Observed Emergency Exercise
currently scheduled for March 16, 1982, at the Oyster Creek Station.
These objectives have been developed in conjunction with state and local
governmental authorities.

If you should have any questions, please contact Mr. Michael Laggart
at (609) 693-6932.

Very truly yours,

f
h/ ' [144/t 8

J. T. Carroll, Jr.
ing Director - Oys e Creek

JIC:GWB:lse

enclosure

cc: Director
Nuclear Reactor Regulation
U.S. Nuclear Regulatory Ocmnission
Washington, D.C. 20555

NRC Resident Inspector
Oyster Creek Nuclear Generating Station
Forked River, RT 08731

Lbr$ 20Y06 e / S A
GPU Nuclear is a part of the General Pubhc Utilities System

_ - _ - _ _ .
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sjectives for the 1982

e/ FEMA Observed OCNGS Exercise

In order to demonstrate the radiological preparedness of the Oyster Creek
Nuclear Generating Station (OCNGS), General Public Utilities Nuclear (GPU
Nuclear), the State of New Jersey, Ocean County, and a number of
Municipalities, (names to be supplied), an integrated radiological
emergency exercise will be conducted.

The onsite and offsite objectives of the exercise are as follows:

A. Accident Assessment -

1. Demonstrate the ability of licensee personnel to recognize an
emergency intitiating event and properly characterize and
classify the emergency according to the pre-established
Emergency Action Levels and make proper notifications to
offsite agencies.

2. Demonstrate that New Jersey and GPU Nuclear personnel can
perform offsite dose p roj ections and accident assessment for
both radioactive noble gases and radiciodine quickly and
accurately.

3. Demonstrate the field monitoring capability of the licensee,
State, and County, for (1) predetermined area radiation levels,
and (2) air sampling and analysis for radioiodine and
particulates in the plume exposure EPZ for plume exposure rate
verification; demonstrate that results can be effectively used
in determining protective action recommendations.

4. Demonstrate that appropriate sampling can be done in the
ingestion. EPZ. Samples will be forwarded to a laboratory
although no radioactivity analyses will be performed. I-131
concentration in milk will be predetermined to demonstrate that
the results of such analyses could be effectively used to
determine ingestion protective action recommendations.

5. Demonstrate that independent accident assessment can be
accomplished by the Department of Environmental Protection ot
the State of New Jersey; that they are capable of recommending
appropriate protective actions and that information is

communicated between the licensee and the State accident
assessment personnel.

6. Demonstrate that the field monitoring teams of the licensee,
state and county can be dispatched and deployed in a timely
manner; that communications are adequate; that radiological
monitoring equipment is functional; that simulated data are
accurately obtained and transmitted through their respective
channels.

___ _ . .
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7. Demonstrate the

\_
Post accide3'dag*o'ility of the licensee to obtain and analyze a

.

mple.
/

B. Activation of Emergency Facilities

1. Demonstrate the ability of the licensee to activate and man the
emergency response facilities as appropriate for the existing
emergency class and to transfer functional responsibilities to
the appropriate operations center when escalating or
de-escalating to a different emergency class.

2. Demonstrate the ability. of the State of New Jersey, Ocean
County and the participating municipalities to activate and man
the emergency operations centers as appropriate for the
existing emergency class.

C. Notification and Communication

1. Demonstrate that licensee and offsite notification and alerting
of officials and staff can be accomplished in a timely manner
and that all initial notification and updating is verified and
logged.

2. Demonstrate that the State and County can establish notification
and communication links with all municipalities.

3. Demonstrate the ability of the licensee to communicate with
their monitoring teams, rescue parties, and other personnel as
needed.

4. Demonstrate that the state's decision to notify the public can j

be accomplished in an effective and timely manner.

5. Demonst- *.e that the communication systems between the licensee,
the EOC's, the Federal agencies, and the continguous States are
operable.

6. Demonstrate that messages are transmitted -in an accurate and
timely manner; .that messages are properly logced; that status
boards are accurately maintained and updated; chat appropriate
briefings are held and incoming EOC personnel are briefed and
updated.

7. Demonstrate the ability to establish a public info rmation
center; that there are accurate and timely press releases and
briefings and that designated public information personnel are
implementing their procedures.

8. Demonstra$a the Emergency Broadcast System procedure by having
the standard EBS test message transmitted.

D. Licensee Health Physics and Security

,
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' 1. Demonstrate the ability to account for personnel onsite and to* -

Provide adequate radiation protection services such as
dosimetty and personnel monitoring (frisking) and the ability
to perform area surveys under emerg< ncy conditions.

2. Demonstrate the ability to enter a highly contaminated area for
the purpose of rescuing casualties.

3. Demonstrate the ability to provide first aid and transport to a
suitably prepared medical facility for an injured individual
who has been contaminated or has received a high radiation
dose.

4. Demonstrate the ability to perform personnel monitoring and
. decontamination.

E. Direction and Control

1. Demonstrate that State, County, and Municipal elected and
appointed officials and local offsite agencies such as first
aid squads, police, and fire companies will provide timely
support.

2. Demonstrate that the designated State, County, and Municipal .
officials in each EOC are in command; that officials designated
in the plan are actually in charge of the overall coordination
of the response; and that designated offsite officials are
represented in the EOF in accordance with the existing
emergency plans.

3. Demonstrate that licensee management is in control in
accordance with the existing emergency plan.

4. Demonstrate coordination between State, County, Municipal, and
Federal agencies and between those agencies and the licensee.

5. Demonstrate that all agencies have 24 hour capability and that
all agency representatives who are assigned emergency
responsibilities can effectively operate from their planned
location inside or outside the EOC.

F. Protective Actions

1. Demonstrate protective actions (including mock evacuation and
sheltering) by preparing an exercise scenario which provides
for a hypothetical total integrated whole body or thyroid dose
exceeding the evacuation PAGs for at least the nearest
residents.

2. Demonstrate the ability of the licensee to assess the accident
and provide appropriate protective n uva recommendations.

.
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3. Demonstrate the ability of the the State to evaluate and make*

decisions ts take protective actions based on recommendations
.,from the licensee and other independent assessments.

4. Demonstrate that access control points are established promptly

,

and according to the plan, and that access and traffic control
! can be effectively implemented with 24 hour capabilities.

5. Demonstrate the capability for evacuation of the general public

; through a limited evacuation.
,

,

G. Parallel and Other Actions

1. Demonstrate the ability of the designated hospital to treat a
hypothetically contaminated injured patient and that the .
ambulance service can effectively transport hypothetically

'
contaminat'ed injured personnel to the hospital. -Demonstrate
that the ambulance and associated equipment can be
decontaminated and that contaminated clothing and disposable'

materials are properly discarded.

2. Demonstrate that offsite agencies with' onsite support
'

responsibilities such as fire and first aid squad personnel can
gain access to the site and proceed to _the correct location.

3. Demonstrate that State, County and Municipal emergency workers
are briefed and receive dosimeters (and simulated KI supplies
if necessary) before assignments; that pe rmanent records, are

,

maintained; and that the opened decontamination centers are
properly manned and supplied.

!
' 4. Demonstrate the following for at least one congregate

care / decontamination center: that it can be opened and staffed
on a timely basis; that records can be maintained; that
adequate provisions for the care of the evacuees can be
located; and that health and -sanitation requirements can be '

'

met.

5. Demonstrate that licensee, State and local re-entry procedures
such as health and sanitation, safety criteria 'for acceptable
radioactive contamination levels, re-entry access control, and
public information are implemented.

H. Miscellaneous *

1. Demonstrate that each EOC'and emergency response facility _has
adequate access control and that adequate security _ can be
ma intai.ned . ' , , '

,

2. Demonstrate that each E0C and emergency response facility has
adequate space, equipment, and supplies.

3. Demonstrate the capability of the State, County, and Municipal
agencies and the licensee for self-critique.

1
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