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ABSTRACT

The'COBRA/TRAC computer program has been developed to predict the
therma1-hydfau1ic response of nuclear reactor primary coolant systems to small
and large break loss-of-coolant accidents and other anticipated transients.
The code solves the compressible three-dimensional, two-fluid, three-field
equations for two-phase flow in the reactor vessel. The three fields are the
vapor field, the continuous liquid field, and the liquid drop field. A five-
equation drift flux model is used to model fluid flow in the primary system
piping, pressurizer, pumps, and accumulators. The heat generation rate of the
core is specified by input and no reactor kinétiCS“ca1cu1ations are included
-in the solution. This volume is the Users' Manual. It contains the input
instructions for COBRA/TRAC and its auxiliary programs, SPECSET and GRAFIX.

It also contains a users' guide to the code and is intended to aid the new
user in becoming familiar with the capabilities and modeling conventions of
the code. o
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. COBRA/TRAC - A THERMAL-HYDRAULICS CODE FOR TRANSIENT -ANALYSIS
+-OF NUCLEAR REACTOR VESSELS AND .PRIMARY.COOLANT: SYSTEMS
VOLUME 3: USERS' MANUAL -

1.0 _INTRODUCTION .. . ..

l The COBRA/TRAC'computerfprogramhhas,beengdeveloped by;merging the- .
COBRA 1r( @) and TRAC-PD2 (Ref. 1) codes. .. The COBRA/TRAC code is used to-
pred1ct the thermal- hydrau11c response . of nuc]ear reactor pr1mary coolant
systems to small- and large-break 1oss of coo1ant acc1dents and other o
ant1c1pated trans1ents. The COBRA-TF computer code prov1des a two f1u1d .
three-field representat1on ‘of two-phase f]ow w1th contlnuous 11qu1d cont1nous
vapor and entra1ned 11qu1d drop]ets. Each f1e1d 1s treated in three L
dimensions and’ 1s compress1b1e. The conservat1on equat1ons for each of the
three fields and for heat transfer from and w1th1n the solid structures 1n
- contact with the f1u1d are so1ved us1ng a sem1 1mp11c1t f1n1te d1fference .
numerical technique on an Euler1an mesh COBRA—TF features extremely f]ex1b1e
nod1ng for both' the hydrodynam1c mesh and the heat transfer so1ut1on.: Th1s
flexibility prov1des the capab111ty to mode] the w1de var1ety of geometr1es
encountered in vert1ca1 components of nuc]ear reactor pr1mary systems

':v TRAC PDZ is a systems code de51gned to model the behavior..of: the. entire
‘reactor pr1mary system. It features special.models. for each:component in the
system‘ 1nc]ud3ng accumu]atorsijpumps, valves, pipes, pressurizers, steam. -
generators and the reactor vessel. With the exception of-the reactor vessel;
the thermal- hydrau11c response of these components Is treated with a five-
equation drift flux representat1on of two phase f1ow. ~The vessel component of
TRAC PDZ 1s somewhat restr1cted 1n the geometr1es that can be modeled and

(a) COBRA-TF is ‘a two- f1u1d therma1 hydrau11cs code deve]oped at PNL under f
~ sponsorship of the NRC, Reactor Safety Research Branch. Volumes 1 and 2
of this report are the ffrst complete_documentatfon_of .the \COBRA-TF code.
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cannot treat. the entrainment of liquid.drops from the continuous liquid phase
directly. ~"The TRAC-PD2 vessel modu]e,has'beenfremovedg*and’COBRA-TF has been
implemented as the new vessel component in TRAC-PD2. The resulting code is
COBRA/TRAC. |

The COBRA/TRAC code has ‘the “extended capabilities in the vessel component
module provided by the three—f1e1d representat1on of two-phase flow and the
flexiblé noding ‘of COBRA- TF pTus the” ab111ty to mode] the ent1re pr1mary
systém with the one-d1mens1ona1 component moduTes of TRAC PDZ '

The documentatlon of the COBRA/TRAC program cons1sts of f1ve volumes. .

,VoTume 1 contains a descr1pt1on of the bas1c three-f1e1d conservat1on

equat1ons “and const1tut1ve models used 1n the vesse] component (COBRA-TF)
Volume 2 descr1bes the f1n1te-d1fference equat1ons for the vesseT component
and the numer1ca1 techn1ques used to solve these equat1ons._ The coupling -
between the TRAC PD2 equat1ons and the COBRA TF vesseT equat1ons s also.
described. VoTume 3 1s the User s ManuaT It conta1ns the input 1nstruct1ons
for COBRA/TRAC and 1ts aux111ary programs, SPECSET and GRAFIX It also -

P

'"1nc1udes a user s gu1de to the code and 1s 1ntended to a1d the new user.in

becom1ng fam111ar w1th the capab111t1es and modeTing convent1ons of the
code.'” Vo]ume % is the App11cat1ons Manua] conta1n1ng the resuTts of
s1mu1at1ons assess1ng code performance These 1nc1ude a var1ety of two phase
flow experiments conducted to simulate 1mportant phenomena ant1c1pated durlng

postulated accidents and transients.  Volume'§ s the Programmer s Manual It

describes the: programming characteristics’ of the‘code, 1nc1ud1ng the over]ay

structure and mach1ne-dependent features.

The COBRA/TRAC code 1s an lntegrated ent1ty that soTves the thermal- _
hydrau11c equat1ons for the reactor pr1mary system as.a whoTe ~but from: the:
standp01nt of the user the separate or1g1ns of COBRA-TF and TRAC PD2 are
readily apparent. The input for the VESSEL component--which is essent1a11y
the 1nput for COBRA TF—-d1ffers s1gn1f1cant1y 1n ,style and format from the ;.
1nput for the one d1mens1ona1 components, such as . PIPEs, TEEs and PUMPs The
VESSEL component can be used ‘to" model any’ vert1ca1 component of the system in
one, two or three dimensions. The one-dimensional components can be used to
model parts of the system that are essentially pipes, some with special



"characteristics, such as TEEs, PUMPs, VALVEs, ACCUMulators, PRessurIZER5; and
STeam GENerators. The components connect one to another by means of flow
junctions specified in the input. The system may consist of closed 1oops, as
does a normal reactor primary system, controlled by pump speeds, pressurizers
and trip setpoints. Special boundary conditions can be applied with BREAKs or
FILLs, to model pipe breaks, open relief valves, broken feedwater lines and
similar disruptions of the system. V

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

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

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

Input instructions=for‘COBRA/TRAC are-provided in this section. The
input for this code is not simple. Users unfamiliar- with COBRA/TRAC should
refer to Section 3.0 for a more comp]ete exp]anatlon of the input requirements
before attempt1ng to set up. the data for a spec1f1c problem.. e

COBRA/TRAC input is- divided into five major- sections, ‘each of which
prov1des input for a particular. purpose. e

The -first section provides data- for the overall description of the

.~ problem, ‘such as-the number of:components, number of trips andcomponent
identification numbers. Problem control parameters, such as convergence
criteria and iteration 1imits, are entered in this section.

‘The second.section provides data for. the occurrence of trips. Trips.
control such events as switching pumps on or off and open1ng and closing
va]ves under spec1f1c cond1t1ons R A

In the th1rd sect1on, geometry and 1n1t1a1 cond1t1ons for the one-
d1mens1ona1 components-—ACCUMulators BREAKs, PIPEs PRessurIZERs, PUMPs,
§Ieam GENerators TEEs and VALVEs--are def1ned.

The fourth~sectIOnadef1nes*theTVESSEL component input data. The geometry
and initial .and operating. conditions. for the vessel are specified in this
section. ‘

The fifth section defines the length of ‘the calculation with the problem
time domain data. Time intervals for the output file, restart file and
graphlcs dump are a]so spec1f1ed : a “

The data arrays for the f1rst three sect1ons, 1nc1ud1ng the input for the
one-dimensional components, are entered in the LOAD format. The LOAD format.
is an automated data entry procedure that can sign1f1cant1y reduce the volume
of data that must be supp11ed especia]]y for the one dimensiona1
components.{ 1t perm1ts

1) . -automatic repet1t1on of . elements in an array;

2) array filling with specified constants '~
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3) 1nterpo1at1on between array e1ements to f111 a specified number of
intervening 1ocat10ns -

4)'=-skipping:from an incomplete record to the next record to continue
array. filling.w :

" The LOAD format has the fo]]ow1ng restr1ct1ons
1) The end of data for each array must be identified with" an E.

- 2}~ < The~array must-be. exactly filled (no over:or underfilling allowed.)
3) Interpolation of integer data is.not allowed. |
The LOAD: format-allows: for.entry of up to five (S)Karray~e1ements on a
record. Each array:elementaoocupiesw14*spaceS*on&the record -in the fo}1owing
formats oo e e tan s Lo ' E
Position Fformat . .. ... . .. . . Descr1pt1on
1 . Al_ _4;;‘Qperatfon control. Va11d entries are:
| N NE End of array. . "
| F Fill the array start1ng at the current 1ndex w1th
:}“g;\“:}_the spec1f1ed constant.
'%Eli '*1-ﬁ1nterpo1ate between th1s data constant and the
1succeed1ng data constant. - )
SUCMT T oMultiple repetition’of data constants;
i (repeats constant 10*I2 times--12 described ~-
below).
R . .Repetition of data ‘.constanﬁ:-.m times; (12
_.' o 'described below). . *
S Skip to next card.

~ Blank  Enter the data constant in the array at the
o '13current 1ndex. ' ) o
2-3 12 f'tEnter a counter for data constant repet1t1on or o
R - j?1ntepo1at1on. j o ”
If there is an M in column 1 enter the number of tens of
times the data constant will be repeated. (For example,
if-the data’constant is"to'be repeated 20 times, enter 2
for 12.). . ..
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If ‘thépe” is’ an R 1n co]umn 1 enter the number of - t1mes

the data constant.is to be repeated. ' BT Y
_ If there is an I in column 1, enter the number of values
- ' L to be 1nterp01ated between the data: constant and the:data
L ... constant in.the next-l4-wide field. _ AR ¥
R if there is an E, F or S:in column 1, I2 is left blank.
- 4-14 . .E11.2 .. . Enter the data constant (real or integer:number).
or I11

B3

An entire array can be f11]ed w1th Just -one set of 14 co1umns on one 1nput

record. For example,.the input record

F R \, 2 5 !"i' 0’ 'E‘ v ) JEemTs o

—— e — —— — oy — — p— — — — —— — to—

will f111 the entxre array w1th the va]ue of 25.0. (The user does not specify
" the size of the arrqy s1nce the LOAD format logic determines that
automatically.) 1




2.1  MAIN PROBLEM CONTROL DATA,.read by;subroutinq,@NPUT
| INPUT.1: NUMTCR, ITRAC, ICOBRA FORMAT(5I14) = © & =77

zColumns -~~~ .. - Variable . e LT i Description

1-14 NUMTCR * .7 Enter the number of ‘title cards to be read.
LEo LT T o D ans o (At 1east one title‘card must be entered. )
15-28 *fIFRAcr,,g““‘ji fa‘uEnter Anput-units. opt1on for the one- . )

dimensional components:
0 = Use metric units (default).
ST = Use’ Eng]1sh units; code w111 convert
“all data to metric. " -

29-42  ICOBRA Enter vessel 1nput units; option:

0= Use Engllsh un1ts (defau]t) }
':Nl Use metric un1ts code w111 convert the
" data to ‘English units..

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

Title Card{(s):

: 4
INPUT.2: ({TITLE(I),I=1,20) FORMAT(20A4)
Columns Variable Description -

1-80 TITLE(I) Enter alphanumeric information describing this
simulation. '

Repeat card INPUT.2 NUMTCR times.
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Restart Data:

FORMAT(114,E14.0)

INPUT.3: DSTEP, TIMET
* Columns Vafiéb]éﬂ L Description :
1-14 DSTEP | _Enter the t1me step number .of the dump. to be
N | , used for restarting.
Enter zero (0) if this is not a restart.
15-28 TIMET

Component Data:

Enter zero (0.0) if this is not_airespgrt.‘

Enter the restart time for the problem. -

“INPUT.4: NCOMP, NJUN, IPAK ~ FORMAT(3114) ﬁ
Columns Variable _ Description
1-14 NCOMP Enter the number of components.k?__ -
.15-28 NJUN Enter the number of junctions. ‘
;;29-42 IPAK ) Enter the one-d1mensiopa1_eomponent water-
S valid entries ‘are: I
~0Q-=-off 7’
1 = on
Iteration Control:
INPUT.5: EPSO,OITMAX,IITMAX  FORMAT(E14.0,2114) == = -
Columns Variable Description
1-14 _EPSO .. . -~ Enter the outer iteration- convergence
S RE - criterion; suggested value = 0.001.
15-28 . OITMAX - Enter the maximum number of outer iterations;
S suggested value = 5::v, o s v
29-42 ITTMAX Enter the maximum number of vessel. iterat1ons
suggested value = 40.
2.5



Trip Control Data:

INPUT.6: NTRX,NDMPTR FORMAT(2114)_

Columns Variable _ Descr1pt1on

1-14 . . _NTRX' 7272 . Enter.the number of -trips.  'uff‘ el
15-28 NOMPTR - 'Enter 'the number of trips for which a dump is

to be written when the trip is set.

~ Order Array:

}‘TheJORDER'arréy Ednfaihs a list ef the identification numbers of the
components in the system. Exactly NCOMP entries must be prov1ded. . The code _
rearranges the entries in the ORDER array, to reflect. the sequence in wh1ch the
system of components will be solved but the user may enter the numbers in any
order he finds convenient. .

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

‘Columns . Variapble .“A" Descr1pt1on

1-14,... ORDER( 1) _ Enter the the NCOMP component numbers.

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

Trips that Initiate Dumps:

INPUT.8: (IDMPTR(I),I=1,NDMPTR) FORMAT(5I14) Read on]y if NDMPTR > 0.

Columns Q',v"VériabfeM”flf: >.W;J ol =¥;;-‘ Descr1pt1on

1-14,... IDMPTR(I).: - .. Enter -identification number of the trip that
~ «. initiates dumps to the restart file. '

Repeat this card until NDMPTR values ‘havebeen entered w1th up to five (5) N
values per card. : If NDMPTR is” zero th1s card is omitted. '*
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TRIP SPECIFICATION read by subrout1ne RDTRIP

| Tr1ps are used to s1mu1ate the act1ons of power plant protection systems
dur1ng a trans1ent or as react1ons to _abnormal conditions in the system.
Tr1ps contro] such th1ngs as va1ve open1ngs and pump startup or shutdown. A
problem may reference many tr1ps, but each tr1p acts on only one. component.

-Trips are def1ned by a. signal 1ndex, a signal set point, and a signal
time delay. - The.signal .index .specifies the-variable that will; tr1gger the
trip (such as pressure, temperature or transient time). The signal setpownt
defines an upper or. 1ower 11m1t for the var1ab1e that will: 1n1t1ate the:
"tr1p.; The s1gna1 t1me de1ay s1mu1ates the t1me requ1red for the operat1ng
system to respond to the trip signal.

,RDTRIP.la:,,;TID,ISID,TSP,TDT;:FORMAT(21l4,2E14.0) Read only if NTRX > O.

% Columns Variable ... A X Description:

1-14 ITID .2+ ... . . Enter a unique trip identification number.r
- 1If ITID > 1000 the time step size will be set
E - . to DTMIN.. -
L. 15-28 S ISID - = - . Enter the :trip signal index.

. - Enter.a negative value if the trip setboint is
. .to be the lower limit.
_Enter a positive value if the trip setpoint is
to be the-upper limit. La T
- Yalid -entries. are:
-0
41 = pressure

transient time

%2 = liquid temperature i
~-£3 = vapor. temperature
+4 = vapor. fraction
15 = wall. temperature
| .+7-=-accumulator or pressurizer water -level
- ..48 = mixture velocity
£9 = relative velocity



‘Enter the trip setpoint (the-value of the: trip

29-42 TSP
Hvs1gna1 var1ab1e that w111 1n1tate the tr1p)
) o For example '
; If ISID = 2 enter the 11qu1d temperature
N - N “m‘ that w111 1n1t1ate the trlp
43-56 10T " Enter the tr1p “delay t1me, in seconds.
RDTRIP.1b: 'ID1,1D2;1D3,ID4 " " ~FORMAT(4114)--Reéad only if NTRX > 0.
Columns “Yariable®' @7 Description
1-14 DL - v “ ‘Enter the number of “the" component 1n1t1at1ng
this trip.’ - e
Enter 0 if trip is on transient time (1SID=0).
“Note: Only one-dimensional component numbers
are valid. Trips cannot be set on.
e  VESSEL variables.:: iy
15-28 © - ~1p2 ‘Enter thercomponent qualifier:
' E 0 if ‘ID1 does not specify a steam generator
component number.
“i"15t9 trip “according to conditions on the
primary ‘side of the steam generator.
i 2°t0 trip "according to conditions on the
" _secondary-side of the steam generator.
29-42 1D3 “'Enter the node number of the array element to
7% watch, if ISID = 1,2,3,4,5,8 or 9.
" If ISID = 0, enter zero.
©1f 'ISID =7, enter 1.
43-56 104 " “Enter a second (optional) node number of an
Etal arPay e]ement to watch, if ISID =.1,2,3,4,5,8
Chort9s
* Enter zero if ISID = 7 or 0.
Note: “If the trip is ‘on . reactor time (ISID = 0) ID1, ID2, ID3 and ID4

are not used:::

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

2.2 ONE-DIMENSIONAL “COMPONENT DATA

A set of data for each of the components in the problem is norma]]y read
from an 1nput file. _ On a restart run on]y those components that must be '
redefined are entered v1a the 1nput f11e. The remaining components are
obtained from the restart dump file. New components may be added to the
system on a restart by add1ng them to the 1nput file. This enables the user
to change the phys1ca1 character1st1cs of the system during the transient.

Component data cons1sts of geometry data, information connecting the
component to adjacent components, and data describing the fluid state in the
component (such as void fraction, temperature and pressure). The following .
subsections 1ist the input required for each one-dimensional component. o



_2 2.1 ACCUMu]ator Component Data, read by subroutine RACCUM

ACCUM.1 TYPE,NUM,ID, CTITLE FORMAT{A5,9X,2114,3A10)

Columns Variable .+ o Description ...t

-5 oTmee - Enter ACCUM - o B

)15 28 }' ' PNUM .jh‘ HT;. | ,V_VEnter a un1que component number. |

29-42 ',-;;j;p( - *hif';f;;"}Enter an’ arb1trary 1dent1f1cat1on number .

43-72 “r_i"“CTITLEt_ft”‘w_iivﬂpEnter a]phanumer1c 1dent1f1er for this
D -i”component

o NOTE To, m1n1m1ze confus1on, it is often
" " convenient to set NUM and ID to the same
e value for ‘each component.

ACCUM.2 ~ NCELLS,JUN2 " ° ‘*'FORMAT(2114)"“‘

Columns " Variable Description

1-14 NCELLS Enter the number of fluid cells.

15-28 JUN2 Enter the junction number to connect the

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

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

Cards Variable Description

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

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

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

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

Variable

Descr1pt1on .

ACCUM.7

- ACCUM.. 8

ACCUM.9

ACCUM. 10
ACCUM.11
ACCUM. 12
ACCUM. 13

ACCUM. 14

GRAV array

.+ HD array

NFF array

. ALP. array ...

W array - .

TL array ..

jY_drray,:‘,

P.array

| Enter (NCELLS +1) values for the cos1ne of the

angle between a vert1ca1 vector and- the vector

““from ce11 N to cell N + 1

. (NOTE: The cell numbering convention for the
.~accumulator.-.component places the discharge at
- node .(NCELLS +:-1).)

- Enter(NCELLS + 1) values for hydraulic

diameters;-in meters (if ITRAC = 0) or feet (if
ITRAC = 1).
Enter (NCELLS + 1) -values:for ‘friction factor
correlation options. Valid entries are:

0

constant friction factor, user input -
-homogeneous flow ' ‘

Armand -
CISE~ .2
annutar flow
~.Chisolm

12
L3

t4
<15

ll

'a;(Use a negative entry for automatic form loss
- :«computation due to area change at node N.)
Enter NCELLS values for void fractiod.
. Enter (NCELLS + 1) values for mixture velocity,
inim/sec. (if--ITRAC = 0) or ft/sec (if
"ITRAC.="1).

Enter NCELLS values for liquid temperature, in

- °K (if ITRAC = 0) or °F (if ITRAC’= 1),
- -Enter NCELLS:values for vapor temperature, in
-~ 2K (if ITRAC:= 0) or °F (if ITRAC = 1).
- Enter NCELLS va]ues for pressure, in N/m2 (if
ITRAC = 0) or psia (if ITRAC = 1).




2.2.2 BREAK Component Data, read by subroutine RBREAK

'BREAK.1 - TYPE,NUM,ID,CTITLE -

FORMAT(A5,9X,2114,3A10)

Description

Columns ~ ~ Variable
1-5 TYPE o
15-28 o NUM e
29-42 . . ID.:

43-72 .o €TITLE = 7 7

‘Enter BREAK

‘Enter-a unique.component number.

~.2Enter--an- arbitrary-component identification
- ‘number - (may- be ‘the same as NUM).

Enter alphanumeric identifier ‘for this

©-“component.

BREAK.2 JUN1,IBROP,NBTB,ISAT

Cotumns == . Variable

FORMAT(4114) ~

Description

1-14 JUN1

15-28 IBROP

arer

29-42 NBTB

43-56 ~o ISAT-

- Enter-the junction number where this break is

Tocated. -
Enter :the break table option. Valid entries

.no” break tables
Cpressure table
=:temperature and pressure tables

W N O
woon

temperature, pressure’and void fraction.
“itables e T

i Enter the ‘number of points (pairs of values) in

each of the.'break tables if IBROP > 0.

< Enter zero (0) if IBROP is zero. -

Enter a value to control the use of the break

tables if IBROP-> 0. Valid entries are: -

"0 = use 'TIN-or the break table value for
'1iquid'and vapor temperatures =
~ 1.= use TIN or the break table value for
liquid temperatures; use Tgat for vapor

temperature
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2 = use ?iﬁﬁor the break table for vapor ”
 temperature; use Tsat for liquid
wtemperature
3 = use Tg,¢ for both 1iquid and vapor
- temperatures R : .
Nete:' If ISAT =0, 1, or 2 and no temperature
~table is available (IBROP =0 or 1), then
_TIN and Tg,¢ will be used ‘as spec1f1ed by
~ ISAT.. - ‘

BREAK.3 DXIN,VOLIN,ALPIN,TIN,PIN FORMAT(5E14.0) - ' B
Columns.  ~  Variable .. e Description
1-14 DXIN - - Enter . the length of the break cell, in meters
- (if ITRAC-=.0) or feet (if ITRAC = 1).
(Usually DXIN should equal the length of the.
S . ** neighboring cell in‘‘the adjacent ‘component.)
15-28 VOLIN Enter the volume of the break cell, in m (1f
- ~ ITRAC = 0) or ft3 (if ITRAC:=1).. v
29-42 - . ALPIN - © . Enter’ the' break’ cell void fracffoh;
43-56 TIN "Enterthe mixture temperature at the break, in
°K (if ITRAC =+0) or °F (if ITRAC = 1).
57-70-  ° PIN-. " Enter the break pressure, in N/me (if

“‘ITRAC"=30iﬁ0r in psia (if ITRAC = 1).

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

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

BREAK.4
Columns Variable Description
1-14,... TDUM(1) Enter the time for element I of the pressure

versus time table. Units on time must be
seconds.
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15-28

PDUM( 1)

_Enter the pressure for element I of the
_ pressure versus time table. Units on pressure

must be N/m’ if ITRAC = O or psia if ITRAC = 1.

BREAK.5 (TDUM(1),TPDUM(1),I=1,NBTB) FORMAT(5£14.0) Read only if IBROP > 1.

Columns
1-14,...

15-28,...

.. . VYariable ..: *:

TOUM(T)

TPDUM(T)

Description

Enter the.time for element 1 of the temperature
versus time table. Units on time must be

+. seconds.

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

- ITRAC = 1.

BREAK.GH'(TDUM(I),VDUM(I)gI=1,NBTB)“-\FORMAT(5E14.0) Read only if IBROP = 3.

Columns
1-14,...

15-28,000 -

WEO LT

Variable .
VDUM(1)..

PR TN
- -

Description

- Enter. the time' for element I of ‘the void
fraction versus time table. Units on time must
-be in.seconds. "

.. Enter: the void-fraction for element I of the -
*;void«fractioq~versus time table.
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2.2.3 FILL Component Data, read by subroutine RFILL

FILL.1T TYPE NUM 10 CTITLE '

Columns . ; .Varieble

FORMAT(A4 10X 2114 3A10)

‘ : Description
1-4 TYPE. ..‘Enter FILL,. - |
15-28 - . NUM. »  Enter a un1que component number. :
: 29-42 | ID jEnter an arb1trary identification number (may
N e _‘be the same, as. NUM) ,
43-72 CTITLE o t~ Enter, a1phanumer1c 1dent1f1er for th1s
L SR ’_'componeqt. o
FILL.2 JUNL,IFTY,IFTR,NFTX.. FORMAT(4114)
Columns Variable , Description .o
1-14 JUN1 Enter the Junct1on number where the fill is
- .. ... located. e RS
‘lsigéf;i;f”“IETY;[”L”l:”"“” " Enter. the FILL type option. Véfi&?entrfegiefe}
| - VJW?} ;1cogstgnt5ve1oc1ty
‘2 = ve1oc{ty vs time
»;:¢3;§gveloc1ty VS -pressure- e G
4 = constant velocity unt11 a tr1p occurs, .
~ then velocity vs time.. S
) 5= cbﬁétant'veloC?ty-Uht}.,J”hgip occurs, .
v o o ) e p' i,then velocity vs pressure
29-42 IFTR ;;;;Enter a .trip .identification number
'“'correspond1ng to a value specified for ITID on
. f . tr1p spec1f1cat1on card RDTRIP.1la.
B ‘”%; Enter ,Z€ro (0) 1f this fill does not reference
J;ffa tr1p e
43-56 . NFTX ”@Enter the number of points .(pairs of values) in

FH. tab'les.vg,:;-.ﬁ :

‘ Vj;:Enter zero 1f no fill tables are needed.
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FILL.3 DXIN,VOLIN,ALPIN,VIN,TIN FORMAT(5E14.6)

Columns variable Descr1pt1on e
1-14 DXIN U7 Enter the Tength of the FILL cell, in meters
(if ITRAC = 0) or feet (if ITRAC = 1).
' ’TT?ifmw(Generally the same as.the ne1ghbor1ng cell .in’

‘ the adJacent component )
15-28 VOLIN™ *“" """ Enter ‘the f111 cell volume, in m3 (1f
S R CTRAC s 0) oF B3 (4 ITRAC = 1)L

29-42 ALPIN Enter” the f111 vo1d fraction.

43-56 CYVINTT T - Enter the entrant mixture ve1oc1ty, in m/sec
(if ITRAC = 0) or ft/sec (if ITRAC = 1),

57-70 TIN Enter the entrant m1xture temperature, inf°Ks>_

(if ITRAC = 0) or °F (1f ITRAC = 1).

FILL.4. PIN .. .. ...t 'FORMAT(E14.6)

Columns Variable TS Daseription
1514 "= 7 GPIN ST Y U ““UEnter the  fi11 pressure, in N/m? (if ITRAC < 0)
“or'psia’(if ITRAC = 1).

gl PG

FILL.S (VELDUM(I) TPDUM(I) I l NFTX) FORMAT(5E14 0) Read only if NFTX > 0.

Columns Variaﬁlé sy Description

1-14,...° TPDUM(I) '+ = T- If IFTY"4 2 or 4, enter the time for element I
Ce T :n'the ve1oc1ty versus time table.’ Units on
“time must be seconds. ' .

P If IFTY “3 or 5, enter the pressure for
R e e]ement 1'in the velocity versus pressure
tab]e. Un1ts on pressure are N/m2 (if ITRAC=0)
or ps1a (1f ITRAC 1).
15-28,... VELDUM{T) * = " Entér’ the ve]oc1ty for element I in the
o ve1oc1ty versus ‘time or pressure table. Units
~on veloc1ty are m/sec (if ITRAC = 0) or ft/sec
(if ITRAC = 1).
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2.2.4 PIPE Component Data, read by subroutine RPIPE

PIPE.l TYPE,NUM,ID,CTITLE

Columns

1-4
15-28
29-42

43-72

Variable

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

 NUM

Description |
TYPE _ Enter PIPE _
" Enter a un1que component number.
) "fD'"‘j "VEnter an arbitrary identification number (may
o " be the same as NUM).
CCTITLE 'hEnter an alphanumeric identifier for this

component. -

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

Columns

1-14
.15-28

43-56

57-70

Variabfe

R

Description
NCELLS Enter the number of fluid cells in the pipe.
NODES rEnter the number of radial heat transfer nodes
in the pipe wall. (Zero (0) 1mp11es that there
. is no wall heat transfer.) .
o WJUN1~*ft"f 1; ~Enter the Junct1on number for the connect1on to
;“"J" Tii “ ’izce11 1 of the Ppipe.
:;"JUNZ . ‘Enter the Junct1on number for the connect1on to
R cell NCELL of the pipe.
'MAT'QJ V;Enter mater1a1 type index for the pipe wall.

’4Va11d entr1es are:

6 =SS 304.;
f7 = SS 316

8 = S5 347
9 = Carbon. steel A 508

Incone] 718
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PIPE.3 ICHF,IHYDRO e FORMAT(2114) : -

Columns Variable Description
1-14 - ICW Enter the CHF calculat1on 0pt1on valid

*en tr"i_gg are
_:_0;_'= no CHF ca]culat1on A
= Zuber/B1a51 for .rod -CHF (recommended for

. 1nc11ned or vertical tubes)

. N‘_ : ,,‘...:
wiv oo

‘# B1as1 (recommended for unheated and/or
hor1zonta1 pipes) h

3= Bowr1ng -
15-28 THYDRO Enter a hydrodynamics option. Valid entries
0 =

partially imp]iéit{‘ 3
1= fully implicit

PIPE.4 RADIN,TH,HOUTL,HOUTV,TOUTL  FORMAT(SE14.6)

Columns Variable o " Description o
"1-14 “*":”RADIN T iufEnter the 1nner radius of the pipe wall, in
7 meters (if ITRAC = 0) or feet (if ITRAC =1).
15-28 T "“ifw‘::Enter the pipe wall thickness, in meters (1f '
" 1TRAC=T0) or in feet (if ITRAC = 1).
29-42 °  HOUTL o :Enter the heat transfer coefficient between the
outer boundary of the pipe wall and the
11qu1d Un1ts are W/mleg (if ITRAC = Q) or
| Btu/ ft2- hr-°F (if ITRAC = 1).
43-56 HOUTV .. [nter the heat transfer coefficient between the
. T ff:outer bomndary of the pipe wall and the
vapor. Units are W/m2°C (if ITRAC = 0) or
Btu/ ft2-hr-°F (if ITRAC = 1).
57-70 TOUTL Enter the liquid temperature outside of the
pipe wall, in °K (if ITRAC = Q) or °F (if
ITRAC = 1). '
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PIPE.5 TOUTV - - - -~  FORMAT(E14.0):

Columns Variable- &7 :r% v - gset T Description
1-14 - -TOUTV: © - =~ - -Entér the vapor temperature outside of the pipe
' wall, «in °K:(if ITRAC = 0) or °F (if
" ITRAC =:1)

PIPE.6 through PIPE 18 are entered us1ng the LOAD format and define the p1pe

I

“data’ arrays.

Cards “Variable =~ Description

PIPE.6 DX array S ’Enter NCELLS values for cell lengths, 1n meters
I - (if 1TRAC =0) or feet (if ITRAC = 1). |

PIPE.7 YOL array : Entér NCELLS values for cell volumes, in m3 (if
ol TTRAC = 0) or’ft® (if ITRAC = 1).

PIPE.8 FA array Enter (NCELLS + 1) values for cell flow areas,

. in m? (if ITRAC = 0) or ftZ (if ITRAC = 1).

PIPE.9 FRIC array Enter (NCELLS + 1) values for additive loss

: coefficients.

5%PIPE.10 GRAV array Enter (NCELLS + 1) values for the cosine of the

angle between a vertical vector and the vector
from cell N to cell N + 1.

PIPE.11 HD array Enter (NCELLS + 1) values for hydraulic
diameters, in meters (if ITRAC = 0) or feet (if
_ ITRAC = 1). ‘
PIPE.12 NFF array Enter (NCELLS + 1) values for friction factor

correlation options. Valid entries are:
30 = constant friction factor, user input

t+1 = homogeneous flow
+2 = Armand

+3 = CISE

t4 = annular flow

5 = Chisolm

(Use negative entry for automatic form loss
computation in node N.)
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PIPE.13

PIPE.14
PIPE.15

PIPE.16
PIPE.17

PIPE.18

QPPP array

7L arrey -

P array

va array

=ALP:array~"u';";
VWM array - -

Enter NCELLS values for volumetric heat source
in the pipe wall, in W/mS (if ITRAC = 0) or

 Btu/hr-ft3 (if ITRAC ='1).

.Enter -NCELLS ‘values for vo1d fractlon

“Enter (NCELLS + 1) values for mixture velocity,

in m/sec (if ITRAC = Q) or ft/sec (if ITRAC =
1) ' :

’ Enter NCELLS values for 11qu1d temperature, in

°k (if ITRAC = 0) or °F (if ITRAC = 1).
Enter NCELLS values for pressure in N/m2 (1f

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

- Note: . If NODES = 0, omit card PIPE.18.



2.2.5 Pressurizer (PRIZER) Component Data, read by subroutine RPRIZR. .~
PRIZER.1 TYPE,NUM,ID,CTITLE  FORMAT(A6,8X,2114,3A10):" =

Columns Variable . Description.

16 =°  “TYPE *. . Enter PRIZER - wo

15-28 NUM - Enter-a’unique component number.

2942 .- 1D~ . " .Enter- an arbitrary ‘identification number (this

- -7 7 number may*bé‘the same as NUM).

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

PRIZER.2 NCELLS, JUN2 FORMAT(2114)

Columns - - Variable A Description

1-14 ~ s, NCELLS . . - Enter the number of fluid cells in the

S G - pressurizer.: ’
15-28 - JUN2 - - . .. Enter:the junction number for the connection to

~ -cell ‘NCELLS of the pressuriiers “(This s the’
- 'pressurizer discharge.)

PRIZER.3 QHEAT,PSET,DPMAX,ZHTR " FORMAT (4E14.6)

Columns -Yariable LT " Description

1-14° QHEAT ~ . -+ -Enter: the total heater power, in watts (if
ITRAC= 0) “or Btu/hr (if ITRAC = 1).
15-28  PSET Enter the pressure setpoint for heater/sprayer
* controller; in N/m® (if ITRAC = 0) or psia (if
ITRAC' = 1), |
29-42 . 5 DPMAX -~ Enter pressure differential at which the

s heater/sprayer has maximum power. Units are
N/m (if ITRAC = 0) or psid (if ITRAC = 1).
43-56 - - ZHTR * -~ .-  Enter water level for heater cutoff, in meters
' B “7(if ITRAC = 0) or feet (if ITRAC = 1).



pressurizer array data. .

Cards Var1ab1e..,

Descr1pt1on

PRIZER.4 DX array

.PRIZER.S5... ..VOL.array . .- .- -

PRIZER.6 FA array
PRIZER.7 FRIC array

PRIZER.8 GRAV array

PRIZER.9. .~ HD array.: .

PRIZER.10 NFF array

PRIZER.11 . ALP array .
PRIZER.12 VM array

" Enter-NCELLS values for cell 1engths, in meters
- -~ (if-ITRAC = 0) or feet {if ITRAC = 1).

-~ ~Enter-NCELLS values for cell volumes, in‘m37(if
“ITRAC.= 0) -or-ft3 (if ITRAC = 1).

"Enter (NCELLS + 1) values for cell flow areas,

in m2 (if ITRAC = 0) or ftZ (if ITRAC = 1).
Enter (NCELLS + 1) values for additive 1oss
coefficients. L AR
Enter (NCELLS + 1) values for the cosine of the

~_angle between a vertical vector and the Vector
~from cell N.to N + 1. (Note: The cell "

numbering convention for pressurizer components

- places~the discharge at node (NCELLS + 1Y.)
-+ Enter: (NCELLS '+ 1) values for hydraulic
- -diameters, :in meters (if ITRAC = 0) or feet (if

ITRAC = 1).

;Enter (NCELLS + 1) values for friction factor

correlation options. Valid entries are:

0 = constant friction factor, user 1nput
"~»tl~F ‘homogeneous flow ' :
© 12 = Armand
o 43 = CISE
: +4 = annular flow
t5. = Chisolm

"t (Use. a.negative entry for automatic form loss
. computation-at node N.)
_Enter NCELLS values for void fraction.
- »Enter.(NCELLS + 1) values for mixture velocity,
. ..in m/sec (if ITRAC = 0) or ft/sec (if

ITRAC = 1).
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" Description '

PRIZER.15

P array. -

Cards Variable
PRIZER.13 TL array Enter NCELLS values for liquid temperature, in
°K (if ITRAC = 0) or °F (if ITRAC = 1). |
PRIZER.14 TV array - Enter NCELLS values for vapor tgmperature,.in
o B "ok (if ITRAC =:0) or °F (if ITRAC = 1).
. Enter NCELLS values for pressure, in N/m (if

~~1TRAC.= 0)-or:psia (if ITRAC = 1).
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'2 2. 6 PUMP Component Data, read by subrout1ne RPUMP

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

Columns ~~ - Nardable '~ o 0t oo Description -

1-5 CTYPE 7 7 . “UEnter PUMP ¢

15-28 ~ *NUM .5 = - Enter a ‘unique-component number:

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

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

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

Columns Variable ' Description

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

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

‘ in the pump wall. Zero (0) implies that there

is no wall heat transfer.

29-42 JUN1 Enter the junction number connecting to cell 1
of the pump.

43-56 JUN2 - ~Enter the Junct1on number connecting to cell

‘ NCELLS of the pump . |
57-70 MAT Enter the material index for the pump wall.

g

'Q‘

Valid entries are:

SS 304

SS 316

SS- 347

Carbon steel A 508
Inconel 718

6
7
8
9

10
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PUMP.3 ICHF,IHYDRO,IPMPTY,IRP,IPM  -FORMAT(5I14)

Columns | Var1ab1e _ o Description
1-14  ICHF _,‘” :;1Eniermthe CHF calculation option}
'  valid entries are:
- 0. = no CHF ca1cu1at1on ' 4
.1‘= Zuber/B1a51 for rod CHF (recommended for

inclined or vertical, tubes)
.2 = Biasi CHF correlation (recommended for
| -runneated ‘and/or horizontal pipes)
- e L J,3 ;1Bowr1ng CHF correlation . .
15-28 | VIHYDRO o , Enter the hydrodynam1cs opt1on Valid entries

are: s
_0_= part1a11y implicit
S . ‘ L ‘i = ful]y implicit
a,u29-42 IPMPTY, ul - ,“bEnter pump type.“ Valid entries are:
- ) a 1= pump speed variation w111 be specified
by input
f2,=vpump speed is calculated after the
) : ‘ occurrence of a trip
43-56 IRP A\; ‘i  hEnter a. reverse speed option. Valid entries.
o o are: .
0 = no reverse rotation allowed
i'; reverse rotation allowed

57-70 IPM Enter two- phase option,
Va11d entries are:
0 = use single phase on1y
1= use two phase -

PUMP.4  IPMPTR,NPMPTX FORMAT(zxygf

Columns Variable Description
1-14 IPMPTR Enter the index number of trip (corresponding

to a value of ITID entered on RDTRIP.1a) that
affects this pump.
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15-28 NPMPTX

Enter zero (0) if this pump does not reference

a trip.

77 Enter the number of po1nts (pa1rs of values) 1n
) the pump speed table.

PUMP.5 RADIN,TH,HOUfL;HbUTViTOUTL'\“'FORMAT(5E14.6)

PUMP.6 TOUTV

Columns "~ variable

Columns Var1ab1e B Description
1-147 RADIN " Enter the inner radius of the pump wall, in
S meters (if ITRAC = 0) or feet (if ITRAC = 1).
15-28 TH " Enter’ the th1ckness of the pump wa11, in meters
A " (if ITRAC = 0) or feet (if ITRAC = 1).
29-42 HOUTL Enter the heat transfer coefficient between the
' 'bdféf“boundary of the pump wall and the
ligquid. Units are W/n? °C (1f ITRAC = 0 o
| “Btu/FtZ-hrZ°F (i ITRAC = 1). .
43:§6?‘w" “‘HbUTV ‘*Enter the heat transfer coefficient between the
outer boundary of the pump wall and the
~ vapor.' Units are W/m? °C (if ITRAC = 0) or
" UBtu/ftl-nr-°F (if ITRAC = 1).
57-70 © TOUTL Enter the 11qu1d temperature outside of the

pump wall,_1n °K {if ITRAC = 0) of °F (if
ITRAC = 1),

FORMAT(E14.6)"

Description

1-14 TOUTY

Enter the vapor temperature outside of the pump
wa11, in °K (1f ITRAC = 0)_pr_°fh(if
ITRAC = 1). : o
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PUMP.7 RHEAD,RTORK,RFLOW,RRHO,ROMEGA .~ FORMAT(5E14.6)

Description

Columns Variable

15-28

.29-42

43-56

57-70 .

PUMP.8 EFFMI,TFR1,TFR2,0MEGAN

" Columns

':RTORK
RFLON
RRHO .,

ROMEGA. . .

Yariable

~ "Enter the pump rated head, (AP/p) in N-m/kg
. (if ITRAC = 0) or ft-1bf/1bm (if ITRAC = 1).
:vt._Enter the pump. rated torque,. 1n N-m (if
. ITRAC = 0) or, ft-]bf (if ITRAC = 1).
j?eqer the pump rated flow rate, in m3/sec (if
_ITRAC = 0) or ft3/sec (if ITRAC = 1).
;ghtgrithe-pump.rated density, in kg/m3 (if
_ ITRAC = 0). or.1bm/ft3 (if ITRAC = 1).
.. Enter the pump rated speed; in-radians/sec. -

FORMAT(4E14.6)

Descrxpt1on

1-14

15-28

29-42

43-56

EFFML,.. ... .

TFRI
TFR2

OMEGAN

PUMP.9  OPTION

Columns

-Variabte, .. W:

- FORMAT(114)

Enter the effect1ve moment of, 1nert1a, in kg mz,

7 (HFTTRAC =0 or 1bm-ft2 ({f.ITRAC = 1.
.Enter.the constant torque due to friction, in
o Nem (G ITRAC = 0) or ft-1bf (if-ITRAC = 1).-
. ..Enter the bear1ng and windage torque constant,
L .in.N-m (if ITRAC = 0) or ft-1bf .(if ITRAC:= 1).
,:ﬁ,Egterythe 1n1t1a1 pump speed, in radians/sec.

P h R

Descr1pt1on

1-14

OPTION

A
E HEN

Enter a pump curve option. Valid entries are:
0.:= - .user-specified pump. curves ’
1 = use the default pump curves (Sem1sca1e
type) |

'PUMP 10 through PUMP 31 spec1fy the pump ¢urves and are read by subrout1ne

RDDIM.

This input 1scom1tted01f OPTION ='1.
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PUMP.10

.Columns ...

(NDATA(1),I=1,5)

~ FORMAT(5T1#)" Read only if OPTION =

Descripfﬁon”

0

1-14

15-28

29-42

43-56

57-70

PUMP.11

:CoTumns

Variab]e SRS
NDATA(l)' Co

. NDATA(4)

© NDATA(5)" "

(NDATA(I),I=6,10)

Var1ab1e

“* "Enter ‘the number -of
"singleiphase’ head curves.
" Enter the number of

‘”“sing1e phase head curves.

Enter the number of

fully degraded head curves.

PRECALS

points in curve
points in curve

points in curve

FORMAT(5114) Read only .if OPTION =

Descr1pt1on

wlrn te

HSP3
HSP4

HTP1

" Enter the number of points (pairs of values) in

o " curve HSPl of the single- phasewbead curves.
Qc‘f ‘ff_' ‘ :‘ffffs1ngle-phase head curves.

© NDATA(3)

#Enter the number of points in curve HSP2 of the

of the

of the

?df %be

1-14
15-28

29-42°

43-56

57-70

PUMP.12

Columns

1-14.

'3NDATA(6) B

EETIN

*5NDATA(7)k"? .

NDATA(8)

NDATA(9)

NDATA(10)

(NDATA(1) ,1511,15)

Variable

““Enter the number of
ARGy degraded head.
fJ'Enter the number of
S AR degraded ‘head
“Enter the numbér of
'-fully degradedthead
Enter the number of

s1ngle-phase torque
Enter the number of

" . single-phase..torque

"-FORMAT(5114) Read only if OPTION

points in curve
curves. -
points‘in curve
curves.
points in curve
curves,

points in curve

curves.
points in curve
curves? T

Description

HTP2
HTP3
HTP4

TSP1

TSP2

= 0.

j

of the
of the

of the

‘of’the

of the

NDATA(11) - . -

2.28

curves. o

+« Enter: the-number.of"poin;sfinjcurve~TSP3“
single-phase torque: :

of ‘the

"



15-28 NDATA(12)
29-42° " NDATA(13) -
43-56 iNDAfA(14)e
57-70 -

* NDATA(15)

Enter the number of
single-phase torgue
Enter the number of
fully ‘degraded head

" Enter the number of
" fully degraded head
"Enter the number of

fully .degraded” head

points in-curve TSP4- of -the
curves. o
po1nts in curve TTP1 of‘the
curves, - E
points in curve TTP2 of the
curves. R
points in curve TTP3 of the
curves.” - e

PUMP.13 NDATA(16) ,NHDM,NTDM

Columns

1-14
15-28-

29-42

°degradat1on mu1t1p11er curve.

FORMAT(3114) Read only if OPTION = 0.
Variable Description
~ NDATA(16) _ _Enter the number of points ia curve TTP4 of. the
B S " fully degraded head curves.: . iR
NHDM ‘Enter-the number of points in the head
'degradationwmultiplier curve, -
. NTDM Enter.the number of points in thé torque’ ™

:PUMP 14 through pUMP. 31 def1ne the pump curves and are entered via the LOAD

format
entered’ only if OPTION 0.

Refer to Sect1on 3. 5 5 for examples of these curves.

These cards are

Cards “Vakiéb1e"’ ‘ Description

PUMP, 14 HSP1 Curve Enter}NDATA(l) points, 2 values per point.
PUMP.15 'niH§52 Curve | Enter:NDATA(Z) points, Ziﬁaiﬁes\per point;"'
ﬁUMP:iG HSP3 Curve ' Enter'NDATA(3) points, 2 values per point.
PUMP.17 HSP4 Curve  Enter NDATA(4) points, 2 values per point.
PUMP.18  HTPL Curve Enter NDATA(5) points, 2 values per point.
PUMP.19 ~ HTP2 Curve " Enter NDATA(G) points, 2 values per point.
PUMP. 20 HTP3 Curve Enter NDATA(7) points, 2 values per point.
PUMP. 21 HTP4 Curve Enter NDATA(8) points, 2 values per point.
PUMP. 22 TSP1 Curve Enter NDATA(9) points, 2 values per point.
PUMP.23 TSP2 Curve Enter NDATA(10) points, 2 values per point.
PUMP. 24 Enter NDATA(11) points, 2 values per point.

TSP3 Curve
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. ards.
PUMP.25
PUMP. 26 .
PUMP.27
.PUMP.28-
PUMP.29
PUMP.30 -
PUMP.31

-~ Yariable .

TSP4 Curve

TTP1 Curve. .

TTP2 Curve.

TTP3 Curve

TTP4 Curve

-HDM .Curve .

TOM Curve

Description.:

,Enter_NDATA(lz) points, 2 values per point.
-Enter NDATA(13) points, 2 values per point.. -

Enter NDATA(14) points, 2 values per point.
Enter NDATA(15) points, 2 values per point.
Enter NDATA(16) points, 2 values per point.

~Enter NHDM points, 2 values per.point.
- Enter NTDM points,

2 values per point.

PUMP.32 through PUMP.45 are entered via::the LOAD format;andrdeﬁinewthezpumpl“

array data.

f,Véfiabfe

Cards

PUMP.32  SPTBL array
PUMP.33 - - DX -array

PUMP.34  VOL array
PUMP.35  FA array

PUMP.36  FRIC array
PUMP.37  GRAV array
PUMP.38  HD array

Descr1pt1on

,“;; d1ameters, in meters (if ITRAC
'(;WITRAC 1.

q‘Enter NPMPTX pairs of values for table of pump
- speed versus- time since trip. (time-speed. - :

~opairs)..
- ~-Enter NCELLS values for cell lengths, in meters
«(if ITRAC = 0) or feet (if ITRAC = 1).

Enter NCELLS va1ues for ce11 vo1umes 1n m3 (1f

'¢;ITRAC = 0) or ft3 (if ITRAC= 1)..

Enter (NCELLS + 1) va]ues for ce11 f1ow areas,

in mé (if ITRAC = 0) or ft2 (1f ITRAC 1).

Enter (NCELLS + 1) values for addltlve loss

coefficients, . v
;jEnter (NCELLS + 1) va]ues for the cosine. of the
;vang1e between a vertical vector and the vector
{ (’from cell N to cell N + 1 e R

e. Enter (NCELLS +1) va]ues for hydraullc

0) or feet ( f -
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PUMP. 39

PUMP.40

PUMP. 41

PUMP. 42

PUMP. 43
PUMP. 44

PUMP. 45

“NFF array

GPPP array”

ALPharray
‘VM}array_.

TL array

- P array .

TN arféy»_ o

. Enter’ (NCELLS + 1);Qa1uesﬂfdr;fnjct15h factor
- correlation options. Valid entries are:

..-0 = constant friction factor, user input
. 1 = homogeneous flow.. - |
. £2,=AArmgnd,~;
-3 = CISE e
“+4 = annular flow . o
5 = Chisolm

(Use negative entry for automat1c form loss
computation.)

“Enter NCELLS va]ues for vo1umetr1c heat source

in the pump. wa11 Units are N/m3 (if

_;,ITRAC 0) or.Btu/hr-ft3 (if ITRAC = 1).
¥ EpteptNCELLsﬁva1ues for void fraction.
-Enter (NCELLS + 1) values for:mixture velocity,

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

_-Enter NCELLS.values for liquid;temperature;-in

°K (if ITRAC = Q) or °F (if ITRAC = 1).
Enter NCELLS values forn: ‘pressure, in N/m2 (1f

" _.ITRAC =.0) or:psia (if ITRAC = 1).
_ Enter. NODES*NCELLS values for wall temperatures
. in % (if ITRAC = 0) or °F (if ITRAC = 1).
.Omit this data.if NODES = O.



2.2.7 Steam Generator (STGEN) Component Data, read by subroutine RSTGEﬂ

Only the tube region of the stéam'geneﬁatoh is modeled with the one-
dimensional steam generator component. The flow rate specified into the
secondary side of the steam generator should correspond to the total
recirculation flow rate and not Just the feedwater flow rate. The complete

steam generator can be mode1ed us1ng the  vessel component.

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

Columns Variable LT Description
1557 © 7 CTYPE - 7 Enteér STGEN R
15-28 CNUMT ¢ e - Enter a unique component number.
29-42 ©  ID" . 7 Enter an arb1trary 1dent1f1cat1on number (may
Voo it e ha the samé as NUM). B
143272 CCTITLE % “Enter-an a1phanumer1c identifier for this -
LT ‘li7component. |

“STGEN:2 "NCELL1,NODES,JUN11;JUN12;MAT ~ FORMAT(5I14)

Columfis ~ ° Variabla” Rk Description * = Lo
1-14 NCELLL ~° ° © Enter the number of fluid ce11s on the pr1mary
S o T gide of ‘the steam generator. = .
15-28 - © - NODES '  -Eriter ‘the number of radial heat transfer nodes
“ 77 in’the ‘steam generator wall (minimum of one).
29-42 JUN11 Enter the junction number adjacent to cell 1 on
the primary side.
43-56 JUN12 Enter the junction number adjacent to cell

NCELL1 on the primary side.
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57-70

STGEN.3

Co]umnsv

- 1-14

15-28 -

29-42 ..

43-56

MAT Enter the material index for the steam .~
generator tubes. Valid entries are:

.6 =-S5 304-

7°% S5 316

8 = SS 347
‘_9?= Carbon steel A 508
10 =

Incone] 718

KIND, IHYDRO, ICHF1,ICHF2 FORMAT(4{14)

Variable ’ Description
. KIND © - Enter-the steam generator type.f~Va1id'eht51es
. Dl - _
1= U-tube
“'2'5 once-through
CIHYDRO " Enter the hydrodynam1cs opt1on.. Valid entries
D Tl e R PR
0 s part1a11y implicit
1= fu]]y 1mp11c1t
. ICHF1L . - . - ~Enter the primary side’ CHF option. ‘valid <
. entries-are:: - - L T A

0 = no CHF calculation
oo 01 = CHF calculation | ¢ B
CICHF2 Enter the secondary side CHF option. Valid -
A -entries are:: v
- 0 = no CHF calculation
3 .+ 1.="CHF ‘calculation
Note: Boiling heat transfer:is- not calculated in the steam
generator unless CHF calculations are specified with ICHF1 and
ICHF2. <For most calculations, it is recommended that ICHF1 =0
and ICHF2 = 1. . - | |



STGEN.4

Columns

1-14

15-28

STGEN.5

Columns -

1-14

15-28

29-42

RADIN,TH. . FORMAT(2£14.6)
Variable L Description
RADIN Eﬁter _the .inner radius of the steam generator
wa]l .in meters (if ITRAC = 0) or feet (if
ITRAC = 1).
TH . ,Ente[‘the~pube wall thickness, in meters (if
ITRAC = 0) or feet (if ITRAC = 1).
NCELL2,JUN21,JUN22  FORMAT(3114)
_ Var1ab1e - Descr1pt1on f_~ g
NCELLZ o Enter the number of cells on the secondary side
' of the steam generator.
JUNZ1 s Enter the junction number adjacent to cell 1 on
L =\< ._the secondary side of the steam generator..
JUN22 Enter the Junct1on number adjacent to cell

’ };NCELLZ on_ the secondary side of the steam
‘z;generator._

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

Cards

 STGEN:6
STGEN.7

STGEN.8

STGEN.9

Variable

Description

.DX1 array . -

VOL1 array

© FAl array.

FRIC1 array

-~ Enter NCELL1-values for cell lengths for the -

primary side, in meters (if ITRAC = 0) or feet

{if-ITRAC ="1).
~;Enter NCELL1 values for cell volumes for the
apr1mary s1de, in m3 (if ITRAC = Q) of £3 (if
= ITRAC ="1) . e

Enters(NCELLls+v1) values for cell flow areas
for the primary side; in m2 (if 'ITRAC = 0) or
£42 (if ITRAC = 1).

Enter (NCELL1 +1) values for additive loss
coefficients for the primary side.
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Cards Variable .~ Description:~ = R
STGEN.10 GRAV1 array -  Enter (NCELL1'+ 1) values for the cosine of the
I angle betweén‘a vertical vector and the vector
from cel1/N to cell N + 1 for the primary side.

STGEN.11 - HD1 aréqy .. Enter:(NCELL1"+ 1) values for hydraulic: =~ . -

i : - diameters. for the primary side, in meters (if

ITRAC = 0) or feet (if ITRAC = 1).
STGEN.12 - NFF1 array - - - Enter-(NCELL1"+ 1) values for friction factor
- ' correlations options for the primary side.

Valid entries -are:
.0 = constant friction factor, user input

+1 = homogeneous flow
+2 =. Armand”’

+3:= CISE.

44 = ‘annular flow

45 = Chisolm =

(Use .negative entry for automatic form Toss
L ‘ , ... .-computation. at node N.)
STGEN.13 WAl array. ~-Enter NCELLY values for wall heat transfer area
5 T for the:primary side, in m? (if ITRAC =.0) or
C e . ftZ (if ITRAC =:1).
STGEN. 14 ALP1 array -Enter NCELL1 values for void fraction for the

e S -~ .primary side.
STGEN.15 VM1 array ‘Enter..(NCELLL + 1) values for mixture velocity

for. the primary side, in m/sec. (if ITRAC = 0)
or ft/sec (if ITRAC = 1).

STGEN.16 TL1 array . Enter NCELL1 values for liquid temperature for
the primary-side, in °K {if ITRAC = 0) or °F

: : o . (if -ITRAC: = 1). '

STGEN.17 TVl array «- -Enter .NCELL1 values for vapor temperature for
the primary side, in °K (if ITRAC = 0) or °F
(if ITRAC = 1).

STGEN.18 Pl array Enter NCELL1 values for pressure for the

' primary side, in N/m¢ (if ITRAC = O) or psia

(if ITRAC = 1).
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Cards

STGEN.19
STeEn. 20
© STGEN.21
| STGEN:22
STGEN. 23
STGEN. 24

STGEN.?25- &

Variable - -

Description -

f.DXZ array -

‘VOL2 array-

FAZ2 array

FRIC2 array -

GRAV2 array

-HD2 array:

NFF2 array:'

E Enter NCELL2 values for cell lengths for the -

secondary side, in meters (if ITRAC = 0) or

.. feet (if:ITRAC = 1). »
. Enter NCELL2 values for cell volumes for the -
. -secondary. side, in m> (if ITRAC = 0) or ft3 (if
© <ITRAC = 1).: ¢ o
. Enter (NCELL2 + 1) values for cell flow:areas-
 for the secondary side in m2 (if ITRAC = 0) or
ftZ (if ITRAC = 1).
~Enter: (NCELL2 + 1) values for additive loss
~coefficients for the secondary side.

Enter (NCELL2 + 1) values for the cosine of the
angle between a vertical vector and the vector
from cell N:to cell N + 1 for the secondary
side, .

... Enter (NCELL2.+ 1) values for hydraulic
*vdiameters%for'the secondary side, in meters (if

ITRAC =.0) or~feet (if ITRAC = 1Y).
Enterﬁ(NCELL2¢+ 1) values for friction factor
correlation options for the secondary side.

- Yalid: entries are:

.20 ‘= constant friction- factor, user 1nput :

‘homogeneous flow

. *2 = Armand

43 = CISE

14 = .annular flow
- ~.4b-=Chisolm

(Use negative entry for automatic.form loss

-computation at:-node N.)
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' Descr{ptidh”-"’

Cards Variable
STGEN.26  WA2 array Enter NCELL2 values for wall heat transfer
areas on the secondary side, in m? (if
ITRAC = 0) or ft2 (if ITRAC.= 1). (See’
Sect1on 3.5.6 for guidance on specifying wall
area -on secondary side, particu1ar1y for u-tube
steam: generators.)
STGEN.27 - ALP2 array “ Enter 'NCELL2 values for void fraction for the
R " secondary side.
STGEN.28 VM2 array Enter (NCELL2 + 1) values for mixture velocity
for the secondary side, in m/sec (1f ITRAC 0)
“or ft/sec (if ITRAC'= 1). ; :
STGEN.29 TL2 array Enter NCELL2 values for 1iqu1d temperature for
T the secondary side, in K (if ITRAC 0y’ or o
(if ITRAC 1). ' ‘
STGEN. 30 TV2 array Enter NCELL2 values for vapor temperature for
o thé*setbhdaryﬁside, in °K (if ITRAC = 0) or °F
~ {4f ITRAC 2'1):
STGEN.31 P2 array Enter NCELL2 values for pressure for the .
' ‘ o ' secondary s1de, in N/m (if ITRAC = 0) or ps1a
(if- ITRAC 1)
STGEN.32 TW array Enter NODES*NCELL1 values for 1n1t1a1 tube wall

temperatures in °K (if ITRAC = 0) or °F (if
ITRAC 1)
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2.2.8 TEE Component Data, read by subroutine RTEE

Co]umns,ﬁw

) TEE 1 TYPE NUM 10, CTITLE

| Variab]e

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

Description

1- 3 TR TYPE -
15-28 . NUM
29-42 1D

43-72 CTITLE

.. Enter TEE .

. Enter a unique component number.
.- . Enter an-arbitrary identification number (may
-be the same as NUM). IR

Enter an alphanumeric identifier for this

component... : -

TEE.2 JCELL,NODES,MATID,COST,ICHF . FORMAT(5114)

Variable

Description

Qo]uhnsi ; a«u}

1—14 JCELL Enter the TEE junction cell number (cannot be 1
et e ~,or NCELL1).. . , Al
15-2§';L\, ,NQDESaT ; -Enter the. number of rad1a1 heat transfer nodes
D in the wall.: Zero (0) implies no wall heat

e @,~transfer. e T R
29_42_;_3__;MA“[1}15w o . - Enter the material type 1ndex for the wall.

| | va1id entries are:

6= 85 304
%.%:55.316.
8.=.8S 347
9 = Carbon steel A 508
10 = Inconel 718 _

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

57-70 ICHF Enter the CHF calculation option. Valid

entries are:
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TEE.3 IHYD1,NCELL1,JUN1,JUN2

Columns Variable

0 = no CHF calculation
+1 = .Zuber/Biasi for rod CHF (recommended for
~dnclinded or vertical tubes).
f2"=.B1asi (recommended for unheated and/or
" horizontal tubes.) !
- 37=.Bowring’

FORMAT(4114)

oA e LTy

Description

114 IHYDL e

Enter the hydrodynamics’ opt1on in. the pr1mary

tube, <Valid“éntries are:

20'= partially implicit
C o 1E fully dmplicit
15-28 NCELL1 Enter the number of f1u1d cells 1n the pr1mary
tube- (m1n1mum of two).’ R e
29-42 JUNL Enter the number of the junction adjacent to
DU R AT o1 -) B 1 WS T LI L

43-56 ° 77 JUN2© 7

“ UEnter the nimber of the junction adjacent to

£ cel T NCELLLY

TEE.4 RADINI,TH1,HOUTL1,HOUTVL;TOUTLL  FORMAT(5E14.6)

Columns .. ~:7Variable:. .~ -~

“Description -

~'7 Enter-the radius of the primary tube wall, in
- méters {(if"ITRAC = 0) or feet (if ITRAC = 1).
" Enter "the thickness of the primary tube wall,
=< in 'meters (if ITRAC = 0) or feet (if

o ITRAC= 1),

1-14 RADIN1™
15-28 TH1
29-42 HOUTL1

"Entér~“the heat transfer coefficient between the

outer surface of the primary tube wall and the
surrounding liquid, in W/m2 °¢ ({f ITRAC = 0)

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

57-70

HOUTV1

TOUTL1

TEE.5 TOUTV1

Colunns.

PfVar%;bieyx;tt

- Enter the heat transfer coefficient between the

- outer:.surface of the primary tube wall and the

=, surrounding vapor, in W/m2 °C (if ITRAC = 0) or
- o Btu/ft2-hr=°F (if ITRAC = 1).

" Enter the temperature of the liquid outside of

the primary: tube wall, in °K (1f ITRAC 0) or

“°F (if 'ITRAC = 0).

YR P G
RIS PR

FORMAT(E14.6)

Descr1ptlon

1-14

TEE.6

TOUTV1

IHYD2,NCELL2,JUN3, ISEP

-w;ﬁnter the temperature of the vapor outside of
.- the primary -tube wall, in °kK (if ITRAC = 0) or

- FORMAT (4114) -

Co]ﬁmns Variabie ~ Description
1-14 . IHYD2. ... Enter the hydrodynamics option: for the side.
| tube. . -Valid:entries are:
0 = partially implicit
o= fullysdmplicit oo I
-15-28- - --NCELL2 '”Enter the number of fluid cells in side tube.
. 29-42 . . JUN3.. : Enter the Junct1on number adJacent to the free
LT LT end of the side tube (cell NCELL2).
43-56 ~ISEP | 7, Enter flag for phase separation calculation.

... Valid entries -are:

:0 = -no-phase separation
1 = phase:separation above void fraction of
.+ ALSEP-(entered on TEE.8) -
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TEE.7 RADINZ,TH2,HOUTL2,HOUTV2,TOUTL2 FORMAT(5E14.6)

Columns’ Var1ab1e 8 " Description

1-14 ©RADINZ Enter;the’ihner ‘radius of the side wall, in -
meters (if ITRAC = 0) or feet (if ITRAC = 1).

15-28 - "7THE" o " Enter the thickness of the side tube wall, in
o o meters (if ITRAC 0) or feet (if ITRAC = 1).

29-42 - HOUTL2 ) Enter the heat transfer coeff1c1ent between the

o Guter surface of the side tube wall and the =

'surround1ng 11qu1d, in W/m2 °C (if ITRAC = 0)

| ~ or Btu/ft?- hr-°F (if ITRAC = 1).
43256'f“f§ﬁ HOUTyé'.f“'”f ' _Enter the. heat transfer coefficient between the
e co i “outer surface of the side tube wall and the

i'surroundmg vapor in W/m2 °C (1f ITRAC = 0)”or

Btu/ft2 hr-°F (if ITRAC = 1). ER

57570 CTouTL2 Eniter - the temperature of the liquid surrounding
the s1de tube,‘1n °K (1f ITRAC 0) or °F (if
a ITRAC 1) S
TEE;SJVTOUTVZ,ALSEP'iJ‘”'“’ | FoRMAT(éE14f6)
iéo1uhns?:: “Variable f T . Descriﬁtibh o
114~ 7 TOUTV2 ~':”""""':"“‘A”}Enter the temperature of the vapor surrounding
o S ?‘the 51de tube, in °K (1f ITRAC 0) or °F (1f
5 o o amac= 1.
15-28  ALSEP o »Enter vo1d fract1on for phase separation

;'model (Used on]y if ISEP = 1)

TEE. 9 through TEE 33 are, entered via the LOAD format and def1ne the arrays
for the pr1mary anda§1deltubes,of the;tee,_ .

Cards _ . Variable s ﬁxdr : T Descr1pt1on

TEE.9 DX .array . - Enter NCELL1 values for cell ‘lengths in the
primary tube, in meters (if ITRAC = 0) or feet

(if ITRAC = 1).
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Cards

VariabTe

Description

HD array -

TEE.10 DX array . Enter NCELLZ values for cell 1engths in the
T e “1s1de tube, in meters (1f ITRAC 0) or feet (if
o . . JTRAC = 1).
TEE.11. _NVOL,affay ‘; _ ‘:Enter NCELLl values for cell volumes in the
o | ~-,pr1mary tube, 1n m3 (if ITRAC = 0) or ft3 (1f
o ITRAC = 1). _
fEE;IZiJ‘ | yQLrarrax; | . LwEnter NCELLZ values for cell volumes in the
o \ o . side tube,wgnwm3 (if ITRAC = 0) or ft3 (if
R ITRAC = 1).
TEE.13 :FAwerray } _Enter (NCELLI + 1) values for.cell flow areas
A T in_the pr1mary tube, in m? (if ITRAC = 0) or
. o w‘,_ft2 (if ITRAC = 1).
TEE. 14 FA array ?fEnter (NCELL2 + 1) values for cell flow areas
o :~,} in the s1de tube, in m (if ITRAC = 0) or ftzl
) S "1:(1f ITRAC = 1). -
TEE.lS FRIC afray" :FEnter (NCELLl + 1) values for additive loss
coeff1c1ents in the primary tube.
TEE.16 FRIC array Enter (NCELL2 + 1) values for add1t1ve lToss .
' coeff1c1ents in the side tube. |
TEE.17 GRAV array ~ Enter (NCELL1 + 1) values for the cosine of the
SR vjikrﬂifang1e between a vert1ca1 vector and the vector
e L ';ffrom ce]l N.to cell N + 1 in the primary tube.
TEE. 18 "GRAV array Enter (NCELLZ + 1) values for the cosine of the
}._“ang1e between a vertical vector and the vector
L "ifrom cell N to cell N+ 1 in the side tube.
TEE. 19 HD array Enter (NCELLl + 1) values for hydraulic
ISR T V: d1ameters 1n the pr1mary tube, in® meters (1f :
ITRAC'S 0) or feet (if ITRAC = 1). '
TEE. 20 Enter (NCELL2 + 1) values for hydraulic

“M,,d1ameters in. the side tube, in meters (if
‘”"ITRAC 0) or feet (if ITRAC ='1).
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Descr1pt1on T

Cards ‘ Var1ab1e‘ -
TEE. 21 NFF array ‘ﬂ:...v Enter (NCELLl + 1) values for friction factor
- ' 4 _7corre1at1on options in the pr1mary tube. Valid
A"lentr1es}are:
:} 0= constant friction factor user 1nput
tj'é homogeneous flow
N ;tz_; Armand
o tj'é'cxss )
} ;4.f“annu1ar flow
‘tST%,Ch1solm .
(Use negat1ve entry for automat1c form loss
computat1onuat node N.)
TEE.22 NFF array _Enter (NCELL2 + 1) values for friction factor
TR e - icorre]at1on options in the side tube. Valid
A’ entr1es are:,_
0=, constant friction factor user 1nput
»»Jii % homogeneous flow
'té,Q Armand
e
¥4L%.annu1ar flow -
15 = Ch1so1m
(Use negat1ve entry for automatic form loss
computation at node N.)
M TEE.23 QPPP array Enter NCELL1 values for volumetric heat source
in the primary tube wall. Units are W/m3 (if
ITRAC = 0) or Btu/hr-ft3 (if ITRAC = 1).
v TEE.24 QPPP array Enter NCELL2 values for volumetric heat source
in the side tube wall. Units are N/m3 (if
ITRAC = 0) or Btu/hr-ft3 (if ITRAC = 1).
TEE.25 ALP array Enter NCELL1 values for void fraction in the
primary tube.
TEE. 26 ALP array Enter NCELL2 values for void fraction in the

side tube.
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Cards Var1ab1e Description
-TEE.27 ~AVM array ' v Enter (NCELLl + 1) va1ues for mixture ve]oc1ty
N 2 in the primary tube, in m/sec (if ITRAC = 0) or
ft/sec (1f ITRAC 1).
TEE.?28 VM array vanter (NCELL2 + 1) values for mixture velocity
- D in the s1de tube, in m/sec (if ITRAC = 0) or
"ft/sec (if ITRAC = 1).
TEE.29 TL array Enter NCELLl values for liquid temperature in
the primary tube, in °K (if ITRAC = 0) or °F
(lf ITRAC 1).
TEE.30 TL array %Enter NCELLZ values for liquid temperature in
- SEEREE ”;the s1de tube, in °K (if ITRAC = 0) or °F (if
TUITRAC = 1), |
TEE.31 P arréy | 'Enter NCELLl va]ues for pressure in the primary
o S tube, in N/m2 (if ITRAC = 0) or psia (if
ITRAC = 1).
TEE.32 P array ifEnter‘NCELLZ values for pressure in the side
w"'\‘/zt:ul’)e :1n N/m2 (if ITRAC = 0) or psia (if
ITRAC 1)
TEE.33 TW array ”Enter NODES*NCELLI values for tube wall

temperature in °K (if ITRAC = 0) or °F (if

|  ITRAC .
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2.2.9 VALVE Component Data, read by subfghfine RVLVE

VALVE.1 TYPE,NUM,1D,CTITLE

' Vériab]e

FORMAT(A5,9X,2114,3A10) . .

Columns L Description

1-5 TYPE u,Enter VALVE

-15-28 -NUM - |  Enter 4 -unique -component number.

29-42 iID -  NEnter an arbitrary identification number (may
T be the. same as NUM).

43-72 CTITLE l,Enterﬁan alphanumeric identifier for this

component..

VALVE.?2 NCELLS,NODES,JUNI,JUNZ,MAT

Variable

Columns Description
1-14 NCELLS Enter the number of fluid cells in the valve

; (m1n1mum of -two). T o
15-28?, NODES Enter the number of rad1a1 heat transfer nodes

o in the valve wall. Zero (0) implies no wall
T heat transfer.. ) - o
29;42 ‘ JU&1"' _ ) _ Enter, the junction number adJacent to cell 1.
43-56 JUNZ:.L‘ Enter the junction number adjacent to cell
| ,§NCELLS. ,
MAT . Enter the. va1ve wall material index. Valid.

57-70

o

entries are:
' 6 = 5SS 304

7 =SS 316
8 =SS 347

9 = Carbon steel A 508
Incone] 718
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15-28

VALVE.3 ICHF,IHYDRO  FORMAT(2114)
Columns variable - e Description
1-14 ICHF Enter the CHF calcu]at1on opt1on. Va1id>:__
o entries. are: = T
0 = no CHF calculation
B Zuber/B1as1 CHF (recommended for
"‘ﬂ';1nc11ned or vertical tubes)
' % =*Biasi (recommended for unheated and/or
" “horizontal tubes)
3 = Bowring dryout correlation
IHYDRO

Enter the hydrodynamics option. Valid entries
o ey , e

0
l.= fully -implicit

1]

partially implicit

1]

VALVE.4 RADIN,TH,HOUTL,HOUTV,TOUTL ‘“”EORMAT(5E14.6)

et

Columns - " Variable _ Description
1-14 RADIN Enter ‘the 1nner radius of the valve wa]], 1n
R meters (1f ITRAC 0) or feet (1f ITRAC = 1).
15-28 TH Enter the valve wall th1ckness, in meters (1f
ITRAC = 0) or feet (if ITRAC = 1). i
29-42. 1 HOUTL - -~ - - Enter the heat transfer coefficient between the
outer surface of the valve wall and the
surrounding 1iquid, in W/mé °C (if ITRAC = 0)
or' Btu/hr- ££2-°F (if ITRAC = 1).
43-56 HOUTV Enter the heat transfer coefficient between the
‘outer surface of the valve wall and the
' surround1ng vapor, in W/m2 °C (if ITRAC = 0) or
Btu/hr-ft2-°F (if ITRAC = 1).
57-70 TOUTL Enter the temperature of the surrounding 1liquid

in °K (if ITRAC = 0) or °F (if ITRAC = 1).
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VALVE.5 TOUTV ~° " ' FORMAT(5E14.6)

Columns * variable - ) Description

1-14 Toutv " Enter fhe‘témperature of the surrounding vapor,
' in °K (if ITRAC = 0) or °F (if ITRAC = 1).

'VALVE.6 IVTY,IVTR,NVTX, IVPG, IVPS' FORMAT (5114)

Columns  “Variable ' '~ Description

1i-14 IVvTY - | Enter the valve type. Valid entries are:
' 1 =_va1ve normally open; occurrence of a
" trip closes it instantaneously
2 = valve normally c1osed occurrence of a
trip.opens it 1nstantaneously
3 = valve normally open; trip beglns to
" Close 1t according to a time-dependent
‘table |
"4 = Valve normally closed; trip begins to
open it according to a time-dependent
" table | |
5 ='valve is a check valve controlled by a
| " 'static pressure gradient
15-28 -~ IVIR " Enter the index number of the trip number
SR o controlling this valve, (corresponding to a
~‘value of ITID on card RDTRIP.1la).
29-42 " NVTX 7 Enter the number of entries in the valve
' R obén/c]dséd vs time table. (Used only if
'IVTY 3 or 4. )
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43-56 IVPG

57-70 IVPS

only if IVTY

Noté:

Enter. the valve pressure gradient. option (used

]

5). Valid options are:
P{IVPS - 1) - P(IVPS)
"P(IVPS) - P(IVPS - 1)

= 1if ap
2.1 4P

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

. If 4P+ PVC < 0, the valve.is closed. .
(PVC s defined on card VALVE.7.)

Enter the number of the cell the valve is.

locatedln, 2.< IVPS < NCELLS..

FORMAT (3E14.6)

VALVE;7 AVLVE&HVLVE,PYC _

Columns Variable ‘ Description

1-14 . E-AVLVE o . Enter the area of the valve when completely

o v ... . open, in m? (if ITRAC = 0) or ft2 (if

ITRAC .=.1}.

15-28 . . HVLVE Enter the hydraulic diameter of the valve when

. _completely open, in meters (if ITRAC = 0) or

feet (if ITRAC = 1).

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

~ ITRAC.= 0) or psi (if ITRAC = 1).

... If 'IVPG = 1, the valve will. open when the.

“pressure drop -across the valve
ireachgswAP+PVC.

. If TVPG = -2, the valve will close when the
~ pressure drop across the valve

- .reaches AP+PVC.

Enter zero if IVTY #_5.

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

array cards.
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Cards Variable . Description .
VALVE.8 DX arrayvA _ Enter NCELLS values for’ ce]l ‘lengths, in meters
T U LAFITRAC = 0) or feet (if ITRAC = 1).
VALVE.9  VOL array 'ﬁEnter NCELLS values for cell volumes, in m (if
o .. ITRAC =0) or ft3 (if ITRAC = 1). \
VALVE.I0  FAarray  Enter (NCELLS + 1) values for cell edge flow"
o 'fareas,,1n m2 (1f ITRAC = 0) or ftz (if
o ITRAC 1) _
VALVE.11  FRIC ar}aywr_, ‘ vEnter (NCELLS + 1) values for add1t1ve loss
T Nf'coeff1c1ents._
VALVE.12 GRAV'array Enter (NCELLS + 1) values for the cosine of the
ang]e between 2 vertical vector and the vector
from ce]] N to cell N + 1.
VALVE.13 HD array Enter (NCELLS + 1) values for hydraulic
diameters, in meters (if ITRAC = 0) or feet (if
. ITRAC = 1). .
VALVE.14 NFF array Enter (NCELLS + 1) values for friction factor
correlation options. Valid entries are:
0 = constant friction factor, user input
t1 = homogeneous flow
+2 = Armand
3 = CISE
4 = annular flow
5 = Chisolm ,
(Use negative entry for automatic form loss
computation at node N.)
VALVE.15 QPPP array Enter NCELLS values for volumetric heat source
in the valve wall in W/m3 (if ITRAC = 0) or
Btu/hr-ft3 (if ITRAC = 1). |
VALVE.16 - VLTB array Enter the valve open/closed vs time-since-trip
array in pairs of (time and fraction open).
Enter NVTX points. (Omit this card if
NVTX = 0). '
VALVE.17 ALP array Enter NCELLS values for void fraction.
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-Cards - Var1ab1e' o
VALVE.18 ‘ 'VM array
VALVE.19  TL array
VALVE.20 P array

VALVE 21.  TW array

-

Describt%ohl4

o Enter (NCELLS + 1) values for mixture veloc1ty,
"rf1n m/sec (1f ITRAC 0) or ft/sec (if
COITRAC =T1). R
»xEnter NCELLS va]ues for 11qu1d temperature, °K
(if 1TRAC = 0) or °F (if ITRAC = 1).
Enter NCELLS values for pressure, in N/m? (if
- ITRAC 0) or ps1a (if ITRAC = 1). '
- Enter NODES*NCELLS values for the va1ue wa11
B temperature 1n °K (if ITRAC = Q) or °Fﬂ(1f‘ ;

ITRAC 1)

A ::_h: If NODES 0 do not enter the TW array data.
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2.3 VESSEL (3-D) COMPONENT DATA "~

The vessel input data is organized in groups. Each group fulfills some.

general input requirement such as channel geometry, channel connections or
boundary cond1t1ons - Any- number of vesse]s or vertical® components may be -

modeled w1th a s1ng]e vessel. component. e

COBRA.1 TYPE,NUM,ID,CTITLE

Columns . . Variable

, “FORMAT(A6,8X,2114,3A10)

ST T Description = -
- 1-6.. ... TYPE Enter VESSEL:" ‘ :
15-28 NUM Enter a unique component number. -
29-42 1D Enter an arbitrary identification number (this
: number may be the same as NUM).
43-72 CTITLE Enter alphanumeric identifier for this

component.

VESSEL Calculation Control Data, read by subroutine COBRAI

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

simulation. (This can be different from the

title entered on INPUT.2.)

2.51




VESSEL Component Restart Data, read by subroutine RESTRT.: ‘= -

COBRA.3 - IDUM. .. . -..= . . FORMAT(I5). Read: only if INIT = 4.

Co1umns;i .- Nariable .. v Descr1pt1on
1-5 IDUM Enter zero- (0) to restart a‘previous
- ~.calculation. '

Card groups VESSEL 1 through VESSEL 14 are not read on a restart and should
not be 1nc1uded 1n the restart input deck. Any card group may be eliminated
'from the initial 1nput deck if data.in that card group is not requ1red for the
problem to be set up.. I ‘ noe
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VESSEL Group 1:

Calculation Variables and:Initial -Conditions, ‘read by. - -

subroutine SETIN

VESSELL.1.

" Columns
‘- 1-55 -"
6-10

VESSEL.1.2

Columns
"1-5

NGROUP ,NDX

Variabiéﬂ a

FORMAT(215)

Description

R

NGROUP _Enterone (1).
CNDX . Enter the -total number of vertical levels in
: the -vessel (the sum of all levels in all
- sections)..
Z. ,FQ@MAI(FS.Q)
Variable Description

. "Enter the total vertical height, in inches (if

ICOBRA = 0).or.meters. (if ICOBRA = 1)

. (NOTE: ICOBRA is specified on INPUT.1; see

. §¢gtion 2.1.)

VESSEL1.3 PREF,HIN,GIN,AFLUX FORMAT(4F10.0).

Co]ﬁmﬁsf
1-10

. 11-20

21-30

31-40

"V”Variéble

Description

PREF

“HIN

e

AFLUX

‘ w\gqtgr tﬁe jpjtia] vessel operating pressure, in
psi (if ICOBRA = 0) or N/m? (if ICOBRA = 1).
.Egggr“tpé:entha1py for fluid initialization, in
‘Btu/1bm (if ICOBRA = 0) or J/kg (if
CICOBRA = 1).
- Enter the initial mass flux, in 1bm/ftl-sec (if
_ ICOBRA = 0) or kg/m2-sec (if ICOBRA = 1).

Enter the average linear heat rate per active
rod in kW/ft (if ICOBRA = 0) -or kW/m (if

. ICOBRA = 1).
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VESSEL Group -2: - Channel.Description, read by subroutine SETIN =
VESSEL2.1 NGROUP ,NCHANL ,NCHANR  FORMAT(3I5) :

Columns Variable Description
1-5 NGROUP - -~ . Enter two (2). - C : o
.6-10 NCHANL Enter ‘the- number of channels -in the prob]em

11-15° .- NCHANR. <. .Enter the number of channels with thermal
. -connections ‘to rods or unheated conductors.

Cards VESSEL2.2 and VESSEL2.3 are read in pairs, NCHANL times.

VESSEL2.2 1,AN(1),PW(1),ABOT(1),ATOP(I) NAMGAP  FORMAT(I5,4F5.0,15) - -

Columns .. . .Variable "2’ .. . .. . Description -

1-5 1 © ¢ 7 Enter ‘the channel identification number.
el (Note Channe] index numbers must be unique,
but they do not have to be sequential.
Sk1pp1ng numbers is permitted, so long as
exact]y NCHANL channels are 1dent1f1ed ) .
6-10 AN(T) Enter the nom1na1 chanhel area, in in2 (1f
ICOBRA = 0) or m? (if ICOBRA = 1). (Do not,
) -enter -zero. )y A .¢I | nfa
11-15 77 PN(I? N S Enter the channe] wetted perimeter, in inches
SRR L P (1f ICOBRA 0) or-meters (if ICOBRA = 1), (Do
“"not 'enter zero ) o
16-20 ‘ABOT(I) Enter the area of the bottom of the channel for
| use 1n the momentum equation. Un1ts are 1n.%)
“(if ICOBRA = 0) or m? (if ICOBRA = 1). If
ABOT(I) is entered as zero (0. 0), it is set to
RS ::5:> AN(I) ", |
21-25 ‘“AfOP(I) S Enter the area on the top of the channel for
use in the momentum equation. Units are 1n.2
(if ICOBRA = 0) or m2 (if ICOBRA = 1). If

ATOP(I) is entered as zero (0), it is set to
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26-30

VESSEL2.3

CoTumns

1-5,

16-20,
31-23,
. 46-50,
. 61-65- - -

6-10,
21-25,
36-40,
51-55

66-70

11-15,
26-30,

NAMGAP

“Enter the number of gaps for which the vertical

velocity of channel I convects transverse
momentum between sections. (Refer to Section

" 3.1.1 for further discussion.)

( INODE(I,N) ,KGAPB(I,N),KGAPA(I,N), Nél NAMGAP ) FORMAT(1515)
" Read on]y if NAMGAP >-0 for channel I.

NOTE 0n1t th1s card 1f NAMGAP 1s zero (0) for channel I.

 Variable

Description

INODE(I,N)

KGAPB(I,N) *

KGAPA(T,N)

Enter the 1ndex number of the node where the .
vertical veloc1ty of channel I convects
transverse momentum across a section boundary.
(Note: [INODE will be either at the bottom of

- the channel (INODE(T;N)= 1), or-the- top of the
"channe1 (INODE(I N)=NONODE+1), where NONODE is
qzthe number of axial levels in the section
_’conta1n1ng channe] I. INODE 1s def1ned in the

section where the vertical momentum equatlon 1s

‘fso1ved (see Sect1on 3.1.1.)
" Enter the 1ndex number of the gap below the

section boundary.

1“Enter zero 1f there is no gap below the section
‘ boundary.

(Note: If KGAPB is not zero, the positive
velocity of channel I at INODE(I N) convects

'transverse momentum out of KGAPB 1nto KGAPA.
“The negat1ve ve]oc1ty of channe1 1 at .

INODE(I N) convects transverse momentum from

' KGAPA into KGAPB but if KGAPB is zero, this
'momentum is d1ss1pated )

Enter the index number of the gap above the
section boundary.
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41-45,
56-60
71-75

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

Note:. If-KGAPA is not zero, the positive

-.velocity of channel I at INODE(I,N) convects

transverse-momentum from KGAPB (if KGAPB # 0)

- into KGAPA. (If KGAPA is zero, this momentum
is dissipated.) .The negative ve]oc1ty of

_ channel T at INODE(I N) convects transverse
momentum from KGAPA to KGAPB, (if KGAPB # 0; if

KGAPB is zero, this momentum is dissipated.)

Card VESSEL2 4 is read NCHANR t1mes ,
VESSEL2.4 I, (LR(I L) L 1 6) (LS(I L) L 1, 8) ) FORMAT(1515)

Columns ‘v Variable Description
1-5 _ ’;; ! - _Enter ‘the identification number of a channe]
R with therma] connect1ons to rods or unheated
_ S Ndconductors.: 1
6-10 LﬁtL;L) | }t Enter the 1ndex number of the rods connected to
IR :Echannel I._ Enter the negative of the rod index
‘ o “L ‘number if the channe] is on the inside surface.
36-46 " 'LS(I,L) L_Enter the 1ndex numbers of the unheated

:conductors connected to channel I. Enter the

negat1ve of the index number if the channel is
on the 1ns1de surface.

Note: w1th1n a g1ven sect1on rods and unheated conductors can connect to only

one channe] on the outs1de surface Those with tube or wall geometry

i types can a]so connect to one channe] on the inside surface. Rods can
fcross sect1on boundar1es, and connect to channels in different

sect1ons but unheated conductors are def1ned only within a single

 section.

LT
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VESSEL Group 3: . Transverse Channe1 Connection (Gap) Data, read by subroutine
SETIN

This group is omitted if there are no transverse connections between channels.

VESSEL 3.1 NGROUP,NK FORMAT(215)

“Columns - Var1ab1e - B Description
1-5 NGROUP  Enter three (3). '
6-10 NK o ~ Enter the number of transverse connections
- | (gaps) |

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

° VESSEL3.2 K, IK(K),JK(K) ,GAPN(K), LENGTH(K ) ,WKR(K) ,FWALL(K) ,IGAPB(K),
IGAPA(K) FACTOR(K) (IGAP(K N),JGAP(K,N),N=1,3)
' ' FORMAT(315 4F5 0,215,F5.0,615)

Columns ~ _ Variable =~ = '~ Description
1-5 " K ‘ o Entér the gap identification number. (Note:
’ e Gap ‘numbérs must be un1que but they do not have
“to be ‘sequential. NK gaps must be 1nput )
6-10 =~ IK(K) - +“ " Enter the Fdentification number of the lower-
a ' ) “numbered -channel of the pair that connect
““through gap K.
11-15 - JK(K) - v Entér the ‘identification number of the higher-
- . numbered ‘channel of the pair that connect
- ‘through gap K.

16-20 GAPN(K) - “* . ‘Enter ‘the nominal gap width, in inches (if
| o . " ICOBRA = 0) or meters (if ICOBRA = 1). '

21-25 ~ LENGTH(K) - -~ Enter ‘the distance between the center of
’ C ‘ S channe] IK(K) and the center of channel JK(K)
in 1nches (if ICOBRA = 0) or meters (if

" ICOBRA = 1)."
1 26-30 WKR(K) - Enter the loss coefficient (velocity head) for
gap K.
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31-35 -

36-40

41-45

46-50

51-55

61-65

71-75
56-60

66-70.

FWALL(K)

IGAPB(K)

IGARA(K) ~

FACTOR(K)

JGAP(K,N)

- Enter the wall friction factor- for the gap

Valid entries are:

0.0 = no walls .
0.5 = one wal] ‘
1.0 = two walls

Enter the index number of the gap below gap K.

: Enter zero 1f there ‘is no- gap below gap K.
f_:(The ve]oc1ty of IGAPB(K) convects vertical
‘momentum at node 1 into (or out of) channel

IK(K) out of (or into) JK(K).)

-Enter the index number of the gap above gap

- K. - (The-velocity of -IGAPA(K) convects vert1ca1
i-momentum at_ the top.node of the, section into
(or out of) channel IK(K) out of (or into)

JK(K).) - .
Enter zero if there is no gap above gap K._,

'%(NOTE Refer to Section 3.1.2 for further
- d1seussion;qf.th1s input convention.)
.. Enter 1.0 if:gap positive flow (from channel
IK(K). to channel ﬁK(K)) is in. the same

direction as positive flow for the global

coordinate .system.

--Enter -1.0.-if gap positive flow is opposite to

- .positive -flow for the global coordinate

system. (Default = 1.0). (See Section 3.1.2

. for explanation of this input.)

Enter the index numbers of gaps facing the

.- IK(K). side of gap K. If the gap faces a wall,

~enter -1. If the gap faces a vessel connection
.. to a one-dimensional component, enter -2.

Enter the gap numbers facing the JK(K) side of
gap K.., If.the gap faces a wall, enter -1. If
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76-80 the gap faces.a vessel-connection to a one- -
‘dlmens1ona1 component enter .-2. . o
Up to three (3) sets of (IGAP JGAP) may be'
entered.

Note: The 1nput for FACTOR IGAP and JGAP is requ1red only: 1f the three-
d1mens1ona1 form of the transverse momentum ‘:equation is des1red.

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

.Columns - - Variable .= - - @gam? -~ 2o+ Description’

VESSEL3.4 NLMGAP. . ... . . FORMAT(I5)

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

ot e o -gapoK. : :
6-10 ETANR(K)... - . Enter the 'crossflow de-entrainment fraction.

S

[ERE TR =

Columns .. Variable = - ..~ zxr: Description

1-5 = . . NLMGAP - . ... = _ Enter.the number of gaps that convect

: .orthogonal- transverse momentum. (This is

. required only.for the three-dimensional form of
‘the transverse momentum equation.)
Enter-zero, if the three-dimensional form of the
transverse momentum equation is not desired. .
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Card VESSEL3.5 s read NLMGAP:times.: ™

VESSEL3.5

Columns -

1-5,
16-20,
31-35,
46-50
6-10,
21-25,
36-40,
51-55
11-15,
26-30,
41-45,
56-60

(KGAPl(N) KGAPZ(N) KGAPB(N) N 1 NLMGAP) Read only if
NLMGAP > 0. FORMAT(1215) '
- Yariable™ = Descript1on
KGAP1(N) ~Enter’ the index number of a gap whose velocity
transports transverse momentum from one gap to
another, :- " o : '
KGAP2(N) - _ Enter the index number of the gap that recieves
the transverse momentum convected by the
~positive velocity of gap KGAPl.
" A-norizero’ value must be entered.
KGAP3(N)

Enter the index number of the gap that the
positive velocity of KGAP1 transports )

“transverse momentum out of.

" (The_positive .velocity.of KGAPl transports
‘momentum from KGAP3 to KGAP2. “Note: The
‘negative ve]oc1ty of KGAP1 will transport
‘transverse momentum in the opposite direction;
i.e., from KGAP2 into KGAP3.) A nonzero number

must be entered.

Up to four sets of (KbAbfngGAﬁé,uKGAggi}éntries.are_specified per card. If ~
NLMGAP > 4, repeat this card until all NLMGAP sets have been entered.
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VESSEL Group 4: Vertical Channel:Connection Data, read by subroutine SETIN -
VESSEL4.1  NGROUP,NSECTS ,NSIM; IREBAL " FORMAT(415)

Columns ' Var1ab1e T e Description
1-5°° " NGROUP ~ Enter four (@. o
6-10 w i NSECTS B _Enter the number of sections in this problem
11-15  NSIM f\ ‘;4i F iT‘Enter the number of simultaneous solution
7 “groups.
16-20 - IREBAL - Enter the rebalancing option. Valid entries .
are: R el
1 = rebalance
0= “no- reba1anc1ng

Cards VESSEL4 2 and VESSEL4 3 are: read in a_group NSECTS t1mes.

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

Columns Variable® - v it T’ paseription
1-5 ISEC Enter the section number. Beg1n with section

PR T

number 1 on- the bottom of ‘the vessel and .
proceed toward the top, 1ncrement1ng ISEC by 1

6-10 .m%“kNQHNm-*[*HfQ:‘jH.‘_Enter the number of channel’s n’. section ISEC..~

‘11-15 - NONODE = -~ * Enter the number of vertical levels in sect1on
o o Codyo ISEC: ~ wiit o
16-25° .~ DXS(ISEC) - -~ ‘Enter thé vertical node length in this section,

- in inches (if ICOBRA = 0) or meters (if
e B - ICOBRA = 1). Cae 7
Card VESSEL4.3 is read NCHN. times-for each ‘section.

VESSEL4.3, I,(KCHANA(I,J),J=2,7),(KCHANB(I,J),J=2,7) FORMAT(1315)

Columns Variable Description

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

41-45,
etcf'yliv

-~ Enter the. indices of channels 1in-the section.

above ISEC that connect to, channel 1. ‘Iﬁn:_y
channel I does not connect to any channels
above, enter I in KCHANA(I, 2)

'Enter the 1nd1ces of channels 1n the sect1on )
»_be]ow ISEC that connect to channe] L If.

- bchannel 1 does not connect to any channels
" below, enter I in KCHANB(I,2).

" FORMAT(15)

VESSEL4.4 INIDE
Columns  _ Variable Description
'yEnter the maximum d1fference between the 1ndex

1-5 INIDE

“#numbers of “adjacent cells in'a simuitaneous

Columns .. . Variable .. -

. .solution group.::(Refer to.Section.3.1.3.for"

explanation of vessel cell numbering scheme and

.. simultaneous solution groups.) -

: FORMAT(1215).. -

L Description S
1-5  MSIM(I) Enter the last cell number in each simultaneous

solution group. (Note that this input asks for

- ..cell: number, not vertical level number. Refer
~.,to Section 3.1.3.)

Tweive (12) values are entered per card. “If NSIM is greater than 12, repeat
card VESSEL4.5 until NSIM values .have-been entered. - 5




VESSEL Group 5: GeometryﬂVariationrData,.reeq_by subrou;ineﬂSET}N R

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

'VESSEL5.1" "NGROUP',NAFACT "FORMAT(215)

Columns  Variable - . Description . .
1-5 NGROUP. - .. .. Enter five (5). ﬁ
6-10 NAFACT - ~Enter the number of geometry variation tables

to be entered. o

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

- VESSEL5.2 NAXL(I) FORMAT(I5)
Columns . Variable - .. . .- Descr~pt1on 0 -
1-5 ..o ONAXL(I).o o .Enter the number of points in this variation
_table.

VESSEL5.3. (JAXL(I,N),AFACT(I,N),N=1,NAXL(I)) FORMAT(8(15,F5.0)

ST

Columns . . Variable. L S e Description : :
1-5,11-15, JAXL(I,N) . V.-;Enter the node number at which to apply the
21-25,31-35 o = - - . area variation factor for table I, point N.
41-45,51-55 SR T o -
6-10,16- 20 AFACT(I N) .. ..Enter the. variation factor for table I, point N.
26-30,36-40 . . . - . Area = AFACT(I,N)*AN(I), or

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

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

group 5.
VESSEL6.1 NGROUP,N1 FORMAT(215)

Columns Variable Description

1-5 _ NGROUP -, - Enter six (6). R
6-10 N1 Enter the total number of channel and gap
I I var1at1on tab]e cards to be read. o

Card }£§§EE§_§_1S read N1 times. e ey

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

Columns Variable . Description

-5 IACT ¢ ~: . Enter a positive integer” correspond1ng to. a
E ‘ o " - variation table number, for channel continuity
area variation.
Enter a negative integer, whose absolute value
corresponds to*a variation:table number; for
gap width variation. '
6-10  IAMT «ifoi- . Enter a var1at1on table: number for channe1 L
| e " momentum area variation. ' '
_ o Enter zero (0) if IACT is negative.
11-15 IPWT Enter a variation table number for wetted
' ” “i.perimeter ‘variation. S
: Enter zero'(0) if IACT is negative.
16-20 ICRG(M)™  © .° “Enter ‘the‘index numbers of the channels (or
.gaps if .IACT is-negative) that the tables
. fdentified in IACT,. IAMT and IPWT are to be -
.applied to.  (Up. to.13 channels or gaps may be
specified per card.)
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VESSEL Group 7: Local Loss-Coefficient Data, read by subroutine SETIN . *

VESSEL7.1 NGROUP,NCD 'FORMAT( 215)
a
Columns Variable - — Description .
1-5 NGROUP “Enter seven (7). R
" Eriter the number of loss coefficient

* - 6-10

NCD

' specificafioﬁs to be read. (These include . -
“vertical ‘momentum losses only. Transverse
“1osses are specified in group 3.)

Card VESSEL7.2 is read NCD times.

VESSEL7.2 CDL,J,(ICDUM(I),1=1,12) FORMAT(F5.0,1315)

Columns Variable Description . : :
1-5 ChL Enter the loss coefficient (velocity head).
6-10 % g ‘Enter 'the node number where the loss
i coefficient is applied. (NOTE: “The vertical
~node number-is relative to the beginning.of the
section ‘containing the channel(s) listed in’
ICOUM(1).)
Enter the index number(s).qf channe](s)vthei

11-15

ICOUM(I) - .

Yoss ‘coefficient will be applied to at node J.
~-(Up- to-twelve (12) channels may use the

specified loss coefficient CDL at vertical
node J.)
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VESSEL - Group 8:

Rod and Unheated Conductor Data, read by subrout1ne SETIN

VESSEL8.1 NGROUP,NROD,NSROD,NC,NRTAB - . FORMAT(515)

Columns Variable Description

1-5  NRoup Enter eight (8). .

6-10 “_,NROD. . Enter,numbermof rods.

11-15.‘,\ ;.N§ROD | | ggter,number of unheated conductors.

164261_ _ MNC . ..Vchduqtion que] flag;

| | . Enter one (1) for radial conduction only.

Enter two (2) for rad1a1 and ax1a1 N
conduction. ‘ D

21-25 NRTAB

- ROD GEOMETRY DATA

~ Enter number of temperature 1n1t1a11zat1on _
“tables to be read. o | |

Th1s card 15 read to def1ne the geometry of structures that generate heat

including nuclear. fuel rods.

It is .read NROD times.

. VESSEL872 N, IFTYP(N) ,IAXP{(N) ,NRENODE(N) ,DAXMIN(N),RMULT(N) ,RADIAL(N) ,HGAP(N)

FORMAT(415,4F10.0) * Read ‘only if NROD > 0. 7~

Columns “Yariable - Description

1-5. - -~ TN Enter rod identification number. (Note: Rod

- index—numbers must be entered sequentially, -
. from 1 to NROD. Skipping numbers is not
permitted.) -

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

11-15 IAXP(N) Enter axial power profile table identification
number. (Refer to group 11 for axial powef
profile input data.)

16-20 NRENODE(N) Enter renoding flag for heat transfer solution

for rod N
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.= 03 no fine mesh renoding

0; renoding every NRENODE(N) time steps

0; renoding every [NRENODE(N)| time steps,

based on inside surface temperatures

21-30 DAXMIN(N)‘ Enter minimum axial node size, in inches (if
ICOBRA = 0) or meters (if ICOBRA = 1). (This
is used only if fine mesh renoding is used.)

31-40 RMULT(N) Enter rod multiplication factor (number of rods
modeled by rod N). (This number can contain
fractional parts.)

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

Btu/hr-ftZ-°F (if ICOBRA = 0) or W/m2-°C (if
ICOBRA = 1). (This parameter is used only for
nuclear fuel Eb&gwthét dd'nat have'the dynamic
gap conductance model specified by their
geometry type.) '

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

UNHEATED CONDUCTOR DATA

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

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

Columns Variable Description

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

data.)

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

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

inches (if ICOBRA = 0) or meters (if
ICOBRA = 1). (Enter zero for a solid
cylinder.)

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

ROD TEMPERATURE INITIALIZATION TABLES

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

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

Columns Variable Description
1-5 I Enter identification number of temperature
. ' table. '
6-10 NRT1 Enter number of rods using Table I.
11-15. NST1 Enter number of unheated conductors using
Table I.
16-20 NRAX1 Enter number of pairs of elements in Table I.

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

Columns Variable Description

1-5 IRTAB(I,L) Enter identification numbers of rods using
Table I for temperature initialization.
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Enter the negat1ve of the rod 1dent1ficat1on
_ number 1f ‘the’ temperature boundary is to be
. app11ed to the inside surface of the rod.
Note: The steadyvstate conduction equat1on is so]ved for these’ ‘
rods using the temperatures from TableI'as a boundary
condition on the rod surface. +

VESSEL8.6 (ISTAB(I,L),L=1,NST1)  FORMAT(12I5) Read only {f NSTL > 0. - -

Columns Variable.~ .. = . -~ - .= . Description

1-5 ISTAB(I:L) -- .- ~Enter identification numbers of unheated
' +-- conductors using Table I.for temperature
. initialization.

Note' A flat radial:temperature profi]e is assumed 1n1t1a11y in

-unheated conductors. - =
- VESSELS8.7 (AXIALT(I L), TRINIT(I,L);L=1,NRAX1)" FORMAT(8F10.0)
Columns ‘Yariable ' . e Description
1-10 & AXIALT(I;L) Enter the=vertical position relative to the
21-30 ~bottom of the. VESSEL, in inches, (if
- <. . :ICOBRA =.0) or meters (if
41-50 : ICOBRA = 1)+ .~
61-70 i ¢ ,
11-20 TRINIT(I,L)- . :Enter the temperature to be applied at A
31-40 - e o e o AXTALT(TGLE), in-°F (if ICOBRA = 0) or °K (if
51-60 ICOBRA = 1).
71-80

Note: The vertical locations of the bottom and tbp of each rod or
unheated conductor u51ng tab]e I must. be contained within .
the range AXIALT(I,1) to AXIALT(I NRAXl)




VESSEL Group 9 Conductor Geometry Descr1pt1on, read by subroutine SETIN

The geometry types are read 1n th1s group The geometry types are numbered
sequent1a11y 1n the order they are read in. Nuc]ear rod geometry types are
read us1ng cards VESSEL9.2 through VESSEL9. 5. A1l other geometry types are
read using cards VESSEL9.6 and VESSEL9.7.

VESSEL?.1 NGROUP,NFUELT,IRELF,ICONF,IMWR. .  FORMAT(5I5) -

v :lumns . 7+ Yariable = . - - ~ 'Description
1-5 NGROUP Enter nine (9).

10 NFUELT .= Enter number of geometry types:to be read in.:.

I “Note: ' ‘A geometry type may be used by both rods
=+ . and-unheated conductors, but for the
unheated conductor, any heat generation
. P S = = specified for the type will be ignored.
11-15 IRELF Fuel relocation flag (l=on, O=off) (This is
LTy used. only- for.nuclear-fuel rods using the
dynamic gap conductance model).

16-20 - .ICONF-- -~ . .- - Fuel degradation flag (1=on,0=0ff) (NOTE: if .
..t .. .. IRELF=1,. thenICONF=1.) 1
21-25 IMWR e -.-*Flag for metal-water reaction (zirconium

dioxide only)..:

=0, off |
si=Llj~ Cathcart.(for Best Estimate~analysis)
" '=2, Baker=Just:(for Evaluation Model analysis)

NUCLEAR FUEL GEOMETRY TYPES

These data are read on]y for nucléar fuel geometry types.: 1f FTYPE(1) is
not entered as NUCL, the geometry data is 1nterpreted by 11ne VESSELY.6.
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VESSEL9 2 I FTYPE(I) DROD DFUEL(I) NFUEL IMATF IMATC, IMATOX(1),DCORE, TCLAD,
_ FTDENS(I) IGPC(I) IGFORC, IRADP. . (Read only for nuclear geometry

.  types.) FORMAT(15, 1X, A4, % 10.0, 415, 3F 5.0, 315)
Columns == = Variable L A bg-,,.ln Description. -
1-5 . ?' _i o . v .:}‘Enter the geometry type identification

> | number. (Note: Geometry type index numbers

must be entered sequentially, from 1 to
—_— e e .. NFUELT. Skipping numbers is nqgtpermittgd.)f
7-10 FTYPE(I) . : Enter NUCL

11-20 _ DROD . 1_:_}Enter rod outside diameter, in inches (if
. ICOBRA = 0) or meters (if ICOBRA = 1).
21-30 | DFUEL(I) 1 ”ﬂ:',_ Enter fuel pellet diameter, in inches (if
S _LVICOBRA 0)_or meters (if ICOBRA = 1).
31-35 NFUEL ?¥ L* ";'_Enter number of radial nodes in fuel pellet..
-j?36540 o IMATF o 'Fuel mater1a1 properties flag; |

Enter zero. (0) for built-in U0, properties.
| Enter a pos1t1ve integer corresponding to the
¢1dent1f1cat1on number of a material
- ﬁrpropert1es tables for user-input
' f‘propert1es (Refer to group 10 for material
properties input data.)
41-45 J_IMATC o “TC1ad mater1a1 propert1es flag;
. o ':“Enter zero_(0) for built-in zirconium
' u'propert1es.,
.A Enter a positive integer corresponding to the
_ l;1dent1f1cat1on number of a material
.fpropert1es table for user-input properties.
‘(Refer to group 10 for material properties
] L 1nput data )
46-50  IMATOX(I) _ . C]ad oxide property flag;
L R ' Enter zero (0) for built-in zirconium dioxide.
properties.
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..51-66. .

56-60

61-65

56i70

71-75

CODCORE T

" -TCLAD®

gee(fy T

IGFORC

Enter a pos1t1ve integer corresponding to the
identification number of a mater1a1 )

"}propert1es table for user-1nput properties

(see- group 10).
Enter diameter of central void for cored ‘fuel,

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

ICOBRA = 1)

"Enter zero for uncored fuel.
“ Entér clad th1ckness, in 1nches (if ICOBRA = 0)

or meters (1f ICOBRA = 1).

Enter fuel theoret1ca1 density as a fract1on
A (used on]y 1f built-in U02 propert1es have been
! ’flagged fj.e., if IMATF = 0) o

Do not enter zero.)

'Gap conductance option f]ag, ,%
ﬁgfﬁEnter zero (0) for constant gap conductance (as
a;spec,f,ed by HGAP (N) on card VESSEL8.2).

“Enter a’ pos1t1ve integer for user-specified
" " nonuniform gap conductance (entered on card
e VESSEL9;4 in a table of IGPC(1) elements).

‘ F45Enter a- negat1ve integer for the dynam1c gap
'Tconductance ‘model. (|IGPC(I)| is the number of

entriés in the cold gap width vs axial location

M;atabie;‘reaa on card VESSEL9.4.)
: "FTég”fon'féhpora] forcing function on gap
" conductance (valid only if IGPC(I) > 0);

| fEﬁien?iéro (0) for constant gap conductance.
"Enter a pos1t1ve integer for a temporal

B forc1ng funct1on with IGFORC table entries.
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76-80 IRADP L k;Enter number of entr1es in rad1a1 power prof11e

e ‘:Ltab1e for the fuel pellet.

" Enter zero (0) for a uniform radial power
profile. |

Lt




VESSELQ. 3 PGAS(I) VPLEN(I), ROUFF(I) ROUFC(I) (GSFRAC(L),L= 1 6), OXIDET
Read on]y 1f FTYPE(I) NUCL and IGPC(I) < 0.

FORMAT(4F10 0 6F5 ,F10.0)

Columns Variable Description
1-10 PGAS(I) Enter cold pin gas pressure for nuclear fuel
rod geometry type I, in psia (if ICOBRA = Q) or
" N/mé (if ICOBRA = 1).
11-20 VPLEN(I) Enter gas plenum volume, in in.3 (if
ICOBRA = 0) or m3 (if ICOBRA = 1).
21-30 ROUFF(I) Enter fuel pellet surface roughness, inches (if
ICOBRA = 0) or meters (if ICOBRA = 1).
31-40 ROUFC(1) Enter surface roughness of clad inner surface,
in inches (if ICOBRA = 0) or meters (if
ICOBRA = 1).
(Note: Fuel and clad surface roughness should.
correspond to those used in FRAPCON-2 since the
correlation is empirical.)
Fuel surface ROUFF = 0.000085 inches
Clad surface ROUFC = 0.000045 inches.
41-45 GSFRAC(1) Enter molar fraction of helium gas present.
46-50 GSFRAC(2) Enter molar fraction of zenon gas present.
51-55 GSFRAC(3) Enter molar fraction of argon gas present.
56-60 GSFRAC(4) Enter molar fraction of krypton gas present.
61-65 GSFRAC(5) Enter molar fraction of hydrogen gas present.
66-70 GSFRAC(6) Enter molar fraction of nitrogen gas present.
6
Note: § GSFRAC(L) =
L=1
71-80 OXIDET Enter initial oxide thickness for the zircaloy

metal -water reaction'rate equation in inches
(if ICOBRA = 0) or meters (if ICOBRA = 1).
(Used only 1f IMWR > 0.)
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VESSEL9.4 (AXJ(I L) AGFACT(I L) L 1, |IGPC(I)|) Read on1y 1f FTYPE(I) NUCL

‘and IIGPC(I)I > 0. FORMAT(8F10 0)

Columns Variable o Description

1-10 AXJ(1,L) Enter top-most vertical position, measured from
21-30 .. . ~ www - - -the -bottom-of- the Fod;fathhich7the-co]d“gap
41-50 . .= er o ..width-for-gap conductance) AGFACT(I,LY is

61-70 applied. (A1l vertical levels below AXJ(I,L)

.~ - and above AXJ(I,L-1) will have AGFACT(I,L) for
gap w1dth {or.gap conductance ) Unité'Cn'.
AXJ(1, L) are inches (if ICOBRA 0) or meters
(if ICOBRA = 1). |

11-20. .. AGFACT(I,L) . . Enter cold gap width if IGPC(I) is negat1ve.

-, 31- 40Hmut_. . ... - .. .Units are inches (if ICOBRA.= 0) or meters (if
51-60 ICOBRA = 1).. -
;71-80 .. .. Enter gap conductance if IGPC(I) is positive.

.. Units are-Btu/hr-ft2.°F (if ICOBRA = 0) or
. M/mP-°C (if ICOBRA = 1).

VESSELS.5 (RQDP(L),POWR(L),L=IRADP)aVReadfqnly if FTYPE(I) = NUCL and

IRADP > 0. FORMAT(8F10.0)
.Columns e Variable . = . . ... Description
1-10 ,_RAQR(L) .~ +. . Enter the relative radial location (r/r,) where
21-30 : corresponding power factor (POWR(L)) 1is
41-50 . ... .., . . applied. :

61-70
(rad1us - DCORE/Z)

: —-(DFUEL(I) - DCORE)

?'

Note: .RADP(1) must be zero (0.0)
RADP(IRADP) must be one (1.0)
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11-20  POWR(L) ~ ~ Enter the relative power factor (1 e., the -

31240 o rat1o of 10ca1 power at 1ocat1on RADP(L) to
51-60 _ total rod power. )
71-80

) NON NUCLEAR GEOMETRY TYPES

- These’-data are: read for- all geometry types that do-not describe nuclear

fuel.
VESSELQ. 6 I, FTYPE(I) DROD DIN, NFUEL IMATOX(I) IMATIX(I) Read only if
FTYPE(I)# NUCL e : FORMAT(I5 1X A4 2F10.0,315)
Columns Variable o ;f' LR Description
1-5:¢% o1 0T Enpter geométry type identification numbef; '
'7-10 ©  FTYPE(I) “Enter’ four-character alphanumeric geometry fype

f]ag -

" "HROD = so1id cylinder

- TUBE = hollow tube

CUUWALL = fTat plate

11-20 DROD Enter outside d1ameter for HROD or TUBE

’geometr1es, 1n inches (1f ICOBRA 0) or. meters
(if ICOBRA ='1). .

- _Enter. the wetted- per1meter for wALL geometr1es,'
in 1nches ‘(if ICOBRA = 0) or meters (if

- ICOBRA ="1).
21-30 DIN Enter inside diameter for TUBE geometries, in
- finches (if ICOBRA = 0) or meters (if ”
‘lfICOBRA RADE

Enter thickness for WALL geometries, in inches
(if ICOBRA = 0) or meters (if ICOBRA = 1).
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P

31-35

36-40

41-45

NFUEL"

IMATOX (1)

CIMATIX(1)

Enter zero (0 0) for (HROD) solid cy11nder :

‘geometries.

Enter the number of regions within the .
conductor:. - (Each region has a uniform power

“profile and consists of one material.)

Enter mater1a1 property table identification

:number for “oxide on outs1de surface. (Defau]t
§§ zirconium oxide; IMATOX(I) = 0).

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

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

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

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

 VESSEL9.7 = (NODER(L) ,MATR(L),TREG(L),QREG(L),L=1,NFUEL) Read only if
FTYPE(I) # NUCL. FORMAT(4(215,2F5.0))

Columns Variable Description

1-5 NODER(L) Enter the number of radial heat transfer nodes
21-25 in region L.

41-45

61-65

6-10 MATR(L) Enter the material property table
26-30 identification number for region L.
46-50 |

66-70



11-15  TREG(L)

31-35
51-55
71-75

16:20 . QREG(L)

36-40
s.4§§f60
Luj&eql

. Enter. the thickness of region L, in inches

(if ICOBRA .=.0) or meters (if ICOBRA = 1). -

~Note:..For TUBE and HROD geometry types,
“ONFUEL &

¥, .TREG(L) = .5 (DROD - DIN)

L=l

?Eptérhradiglfpower factor for region L. (This
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VESSEL Group 10 Material Propert1es Tab1es, read by subroutine SETIN

This 1nput group is requ1red only if user-supp11ed material properties
were f]agged by input. 1n group 9. (1 e., w1th nonzero values for IMATF, IMATC,
IMATOX (1), IMATIX(I) or MATR(L) for any. geometry type). If only default
material properties are used, (i.e,, z1rca10y and U0,), this group.is omitted.

VESSEL10.1 NGROUP,NMAT FORMAT (215)

Columns | Variable ' Description

1-5 NGROUP Enter ten (10).

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

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

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

Columns Variable ) Description

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

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

11-20 RCOLD(N) ' Enter the cold density in lbm/ft3 (if

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

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

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

or °K (if ICOBRA = 1).
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11-20
41-50
21-30
51-60

- CPFlﬁl,N) .. . _Enter the specific_heat for entry I in mater1a1

property table N. Units are Btu/]b-°F (if
ICOBRA = 0) or J/kg°C (if ICOBRA = 1)

) :THCF(I,N) o " “ Enter the thermal conduct1v1ty for entny I in
ST T ratérial property tab]e N. Un1ts are
Btu/hr-ft-°F (if ICOBRA = 0) or W/m°C (if

"ICOBRA = 1).

2.80



VESSEL Group 11:" Axial Power Tables and Forcing Functions, read by subroutine
SETIN ‘ ' | -
VESSEL11.1 NGROUP;NAXR,NQ;ngFF:FORMAT(4;51;

T

" Cotumns Var1ab1e 7”“_ - o Description:

1-5 NGROUP o Enter eleven (11). ,
6-10 NAXP‘ . " Enter number of axial power prof11e tables to
B - 'f“be read (M1n1mun of one.)

i1-15 N 7 Enter number of pairs of elements in the. power

forcing functlon table.
- Enter zero (0) if power is constant.
16-20 ~* - * NGPFF& %' % - = -Enter ‘number ‘of pa1rs of ‘elements in gap
‘ oL ~conductance forcing funct1on table.
“En'ter zero (0) if there is no forc1ng funct1on
on gap conductance. - o '

Axial Power Tables

Cards VESSEL11.2 and VESSEL11.3 are read in pairs NAXP, t1mes.f i

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

Columns ~ Variable: - - .- . - . Description

1-5 I Enter axial power profile table 1dent1f1cat1on
number. ‘

6-10 NAXN(T) Enter number of pairs of elements in axial
power profile Table I. ‘



VESSEL11.3 - (Y(I,N),AXIAL(I,N),N=1,NAXN(I)) . - FORMAT(8F10.0)

Columns Variable Descr1pt1on

1-10 Y(I,N) Enter vertical 1ocat1on ‘relative to-bottom of
21-30 o q the VESSEL, where axial power factor AXIAL(I N)
B1-50 o oo LT g app11ed.“'Use inches (if ICOBRA = 0) or .’
61-70 - 'meters (if ICOBRA = 1). N

11-20 AXIAL(I;Nif '7 "vLEnter re]at1ve power factor (the ratio of local
31-40 o 3, "fpower to average power ) at vertical 1ocat1on
Bl T v, LI

71-80 o

All rods.dsihg thé -same table shou]d .start .and end at the same vertical -
locations. In the table Y(I 1) must .be the.vertical Tocation of the
beg1nn1ng of the rods, and Y(I NAXN(I)) must. be the vertical location of the
end of the rods.

Power Forcing Function

VESSEL11.4 (YQ(N),FQ(NY,N=1,NG) FORMAT(8F10 0)" Read on1y 1f NQ > o

~ Columns Variable Description
1-10  YQ(N)-7.- -0 Enter transient time (seconds).
41-50
61-70 . - S SR S SERAE
11-20 FQ(N) . " Enter’ the power factor:
31-40
51-60 FQ(N) = Power at time YQ(N)

- 1nitial power
71-80 : '
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Gap Conductance Forcing Function®: .. - = !

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

NGPFF > O.

Columns _ Variable .- s - Description: -

. 1-10 -~ YGPFF(N) - . - _Enter’transient time (in seconds).
21-30 L e ~
41-§Q
61-70 o e
11-20  FGPFF(N) . . Enter conductance factor:
3 1 -40 B ) N B N e roen et .-
-gap conductance at time YGPFF(N)

51-60 | .. FGPFF(N) =
71-80

~.--.in1tral gap conductance . -



VESSEL Group 12: Turbulence and Viscous Stress Data, read§§y&§qbrqutjné,$ETIN

VESSEL12.1 NGROUP,N1 . . :FORMAT(2I§) - .
Columns Variable Description
1-5 NGROUP- - . Enter twelve (12).

" 6-10‘ - N1- ﬂv R T Enter number of sect1ons in wh1ch turbu]ence or .

‘viscous stress will be applied.

Card VESSEL12.2 is read N1 times, once for each section with turbulence or ;:
viscous stresses. For each section ISEC card VESSEL12.3 is read if '
ITURB(ISEC)=1, and card VESSEL12 4 is read 1f ITURB(ISEC)=2.

VESSELlZ 2 ISEC IVIS(ISEC) ITURB(ISEC) “" FORMAT(315)

Columns Variable - Description
1-5 ISEC Enter identification number of section using

turbulence or viscous stress calculation.
6-10 IVIS(ISEC) Enter viscous stress flag for section ISEC.
Valid entries are:
0 = do not apply viscous stress
_ 1 = apply viscous stress
11-15 ITURB( ISEC) Enter turbulence flag for section ISEC. Valid
~entries are:
0 = do not apply turbulence

1 = apply turbulence with uniform turbulence
properties '
2 = apply turbulence with channel varying N

turbulence properties

Card VESSEL12.3 is read if ITURB(ISEC) = 1. This card is read only once for a
section and the same properties are applied to all channels within the
section.



VESSEL12.3 ZLMXXL(ISEC),ZLMXXV(ISEC),FII(ISEC),F22(ISEC),TPRNOL(ISECY,~':;
TPRNOV(ISEC) Read only if ITURB(I) = 1. . . FORMAT(6F5.0)

Columns Variable. _ , Description - S
1-5  ZLMXXL(ISEC) -~ Enter-liquid mixing length for section ISEC, in
“inches (if ICOBRA = 0) or meters (if
e . -+ ICOBRA;=:1). - AL PR :
6-10 - ZLMXXV(ISEC) . - Enter vapor mixing length for section ISEC, in
inches. (if .ICOBRA = 0) or meters (if
. e oo ICOBRA =:1)..:.: L
11-15 - F11(ISEC) - - - Enter vertical anisotropy factor for section
ISEC. : ‘
16-20, . F22(ISEC) . . . -Enter transverse anisotropy factor for section
o ' - - ISEC..- _ S I
21-25 TPRNOL (ISEC) Enter liquid . turbulent. Prandtl number for -
B ... s, - - _-.section ISEC. = R RS
26-30 TPRNOV(ISEC) Enter vapor-turbulent Prandtl number for

taiyon oo -oo o section (ISEC, -

Card VESSEL12.4 is read if ITURB(ISEC) = 2. The card is read once for each
channel in section ISEC.



1,ZLMXXL{1) ZLMXXV(I) JFIL(T) ,F22(1Y, TPRNOL(I) TPRNOV(I) Read only

VESSEL12.4
~if ITURB(I) =
Co]umns‘v_  Variable -
1-5 1
6-10 ZLMXXL(1I)
11-15 ZLMXXV(T)
16=20 - F1L{I).
21-25 F22(1)
26-30 TPRNOL (1)
31-35 TPRNOV(I)

FORMAT(I5, 6F5.0) .

Description

2 -"channel” 1.

.channel ..

: .Enter 1dent1f1cat1on number- of ‘a channel in
“section ISEC.

Enter liquid mixing length for channel I, in
inches (if ICOBRA = 0) or meters (if

CICOBRA'= 1):

Enter. vapor-mixing Tength for channe) I,vin
inches (if TCOBRA = 0) or meters.(if '

"1COBRA = 1).°

Enter vertical anisotropy factor for channel” I.
Enter transverse anisotropy factor for

P
o RS S i
RN

Enter:liquid turbulent Prandt] number for

Seghannel I, o0

Enter:vapor turbulent Prandtl number for

T e eE T
] -



VESSEL Group 13:  Boundary Condition Data, read by subroutine SETIN

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

Columns _ _  Variable-. g U Descr1pt1on
1-5 “UUNGROUP ¢ % Enter th1rteen (13). _
6-10 NIBND _ Enter the tota] number of vertical mesh ce11

boundary conditions.

11-15 - NKBND- ¢ “" Enter the total number of transverse momentum

'~’ce1ls for which crossflow w111 be set to zero.

16-20 NFUNCT Enter the number of forcing functions for the
o _+-..- -~ boundary conditions.. .. . A e :
21-25 - . NGBND ... - - - _Enter the number of "groups. of contiguous - -

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

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

Columns ~* © - ‘Variable ~ =~ "~ " Dpescription
1-5,... NPTS(K) o Enter the number of po1nts (pa1rs of values) 1n

forc1ng funct1on table: K

S1xteen (16) va1ues are entered per card._ Repeat card VESSEL13 2 until NFUNCT
values have been entered.» o |

‘1

Card VEsstLi3.3 fs'éééd'NEUqu"t{mes.ﬁj'f?‘i'
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VESSEL13.3 ((ABSCIS(K;I),0RDINT(K,I),I=1,NPTS(K)),K=1,NFUNCT) Read only if

NFUNCT > 0. . ... FORMAT(5(F5.0,F10.0))

Columns Variab]ev,uu_ Description . S
"1-5,16-20, ABSCIS(K;Tj "~ "Enger the time,-in seconds, -the factor is

31-35,46-50, .. . . .. applied. .. .

61-65 e

6-15,21-30,, ORDINT(K,I) _.1?J Enter the forcing function factor to be applied

36-45,51-60, . .. . . at time ABSCIS(K,I).

66-75 o e

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

Card VESSEL13 4 1s read NIBND t1mes. s

VESSELi3.4 (IBOUND(L,M),L=1,2),ISPEC(N) NPFN(M) NHFN(M) PVALUE(M) HVALUE (M)
FORMAT(515,2F10.0) Read only. if NIBND > 0. -

{6ofﬁﬁns?' o Vakiab]e‘e;_q‘ ;12;:,‘¥ fA .'\ Description

1-5 IBOUND(l,M) | Enter the index number of the channe] boundary
LT e condition M appiies to.;; A ; o
6-10 IBOUND(2,M) Enter the vertical- node-number at wh1ch ,

boundary cond1t1on M. is, applled. (NOTE: , The
node number 1s referenced to the'beg1nn1ng of
the section that the channel identified in
IBOUND(1,M) resides in.)

11-15 ISPEC(M) Enter the boundary condition type. Valid
' options are:

1

pressure and enthalpy boundary condition
flow and enthalpy

flow only

mass source (flow rate and enthalpy)
pressure sink and enthalpy

2
3
4
5
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26-35

16-20
{:b

21-25
:,I

. 36-45

NPFN(M)..

NHFN (M)

PVALUE(M)

HVALUE (M)

‘_wEnter the .index number of the forcing. funct1on

table by which the first parameter of the
boundary condition will be varied. (NOTE: The
forcing function tables .are numbered

"sequent1a1]y 1n the. order they are read in on
_card VESSEL13 3.) For exanp]e If
CISPEC(M) = 1 and NPFN(M) = 3, the specified
,.nressure wi11'be adjusted accerding to the
third forcing function entered on VESSEL13.3.
:;Enter .zero 1f .the boundary cond1t1on is
.w,constant.,,“&

Enter the index number of the forc1ng funct1on
table by which the second parameter of the

.-, boundary condition will be varied.
_ “/(For -example:  If ISPEC(M) = 1 and NHFN(M)
».- -the specified enthalpy will .be adjusted

according to the 6th forcing function spec1f1ed
on VESSEL13.3.)

- . .-Enter *zero:if the boundary condition is

constant.

Enter the f1rst boundary value. _ TR
-1;w1f ISPEC(M) -1 or 5, enter preeéure, in ps1a
(if ICOBRA =:0) or N/m? (if ICOBRA = 1).
“If ISPEC(M) =2, 3 or 4, enter flow rate, in
1bm/sec(if, ICOBRA = 0) or kg/sec (if . = ..

ICOBRA = 1)
Enter enthalpy in Btu/1bm (if ICOBRA 0) or

V"',,¢;J/kg (if ICOBRA = 1).

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

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

only if some ISPEC(M) has been specified as 5 (i.e., a pressure sink boundary
Card VESSEL13.5 .is read once for each pressure sink, in the same

condition).

order they are specified in the input for card VESSEL13.4.



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

Columns Var1ab1e'lE”  e T paseription B
1-5 ASINK(K) ‘”“"'.' fEnter the flow area of the pressure sink, in
| - 7 Tin.2 (4f ICOBRA = 0) or m? (if ICOBRA = 1).
6-10 SIﬁKK(K)_'ﬁE”T'” ’EEnter the Toss coefficient (velocity head) of
ST e e pressure sink.
11215 fﬁAﬁXSINK(K)‘_'D'7 ““'Enter the 1ength of the momentum control volume

“:for the “sink," 1n inches (if ICOBRA = Q) or
meters (1f ICOBRA 1).

Card VESSEL13. 6 is read NGBND tlmes. h

Card VESSEL13.6 “is read only.-if some ISPEC(M) has been specified as 4 (i.e., a
‘mass injection boundary . cond1t1on) ::Card “VESSEL13.6 is read once for each
mass 1nJect1on boundary condition, in_the same order they are specified in the
~input- for: card VESSEL13:4."

VESSEL13.6 ~AINJT(K) -~ - - *: FORMAT(F5.0): Read only if some ISPEC(M) =
Columns Variable. ~. = - = . ="t Description - .
15 - :AINJT(K) - .= ~ _Enter the ‘flow area of the mass injection in

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

VESSEL13.7 ' K,JSTART,JEND  FORMAT(3I5) Read only if NGBND > O.
Columns ~  Variable ° T ‘Description o
1-5 K . "Eﬁter the gap number to which a zero (0.0)
| - crossflow is to be applied.
6-10. . JSTART '~ .- .- Enter the continuity cell -number at which.to
SRR : . start applying the zero' crossflow. -
11-15 JEND : % Enter. the continuity}ce11'number at which to

-stop applying the zero crossfiow.
(Note: The crossflow will be set to zero for
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: gapsK.between-nodes JSTART'and JEND. “The:
_node.numbers_are g1ven relative to the
“beg1nn1ng of the section conta1n1ng gap K. )

- -This card-may- be repeated as many. t1mes as_necessary for a g1ven gap K, to

identify all ax1a1 1eve1s that have zero crossflow The total number of .

"»itransverse momentum- ce11s w1th zero crossf]ow boundary -conditions spec1f1ed by
card VESSEL13.6 must sum to NKBND -
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VESSEL Group 14:

‘Qutput Options, read by subroutine SETIN

VESSEL14:1 NGROUP,NI,NOUTL,NOUT2,NOUT3,NOUT4,IPROPP, IOPT  FORMAT(SIS)

Columns Var1ab1e
1-5 1 NGROUP |
6-10 N1

11-15 NOUT1

16-20 NOUT2

21-25 NOUT3

26-30 NOUT4

Descr1pt1on

' Enter fourteen (14)

Enter the genera] vessel output opt1on. yéijd

" entries are:

pr1nt channe]s on]y R

1 =

2 = print channels and gaps only

3 = print rods and unheated conductors only

4 = print rods, unheated conductors and
channels only

5 = print channels, gaps, rods and unheated

conductors
Enter the number of channels to be printed
(used if N1 = 1, 2, 4 or 5).
If NOUT1 = 0, all channels will be printed.
If NOUTL1 > O, an array of NOUT1 channel numbers
must be entered on card VESSEL14.2.
Enter the number of rods to be printed, (used
if N1 > 2).
If NOUT2 = 0, all rods will be printed.
If NOUT2 > 0, an array of NOUT2 rod numbers
must be entered on card VESSEL14.4.
Enter the number of gaps to be printed (used if
Nl = 2 or 5).
If NOUT3 = 0, all gaps will be printed.
If NOUT3 > 0, an array of NOUT3 gap numbers
must be entered on card VESSEL14.3.
Enter the number of unheated conductors to be
printed (used if N1 > 2).
If NOUT4 = 0, all unheated conductors will be

printed.
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If-NOUT4 > 0, an“array of ‘NOUT4 unheated - .
conductor numbers must be éntered on card
VESSEL14.5.

31-35 IPROPP . - - Enter the property table pr1nt opt1on. “valid
) e entries-are: L '
-0.= do*not-print the property table
. - . , c=v1-=-print-the -property table
36-40 IOPT - "~ Enter the debug print option. Valid entries
Ccarertioe : :
0 = normal printout only
1 = debug printout (print extra data -for -
‘channels, rods and -gaps)-
VESSEL14.2 (PRINTC(I),I=1,NOUT1) FORMAT(lGIS) Read only if Nl # 3 and
NOUT1 > O. N
CoTunns Variable Description
1-5, ... PRINTC(I) . -~ Enter the index numbers: of channels to be.
S T . printed: Sixteen values are entered per
.. card. Repeat this card until NOUT1 values have
been entered.
~VESSEL14.3 (PRINTG(I),I=1,NOUT3)  FORMAT(1615) Read on]y 1f N1 =2 or 5 and_
NOUT3 > 0. -
Columns Variable T Description ﬂ
1-5,... PRINTG(I) _Enterlthe,index numbers of gaps to be printed.

Sixteen values are entered per card. Repeat
this card until NOUT3 values have been entered.
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VESSEL Connections to One-Dimensional Components

VESSEL14.4 (PRINTR(I),I=1,NOUT2)  -FORMAT(16I5) Read only if N1 > 2 and
NOUT2 > 0.
Columns ... Variable . . Description
1-5,... PRINTR(I) Enter. the index numbers of rods to be printed.
- 'Sixteen-values are entered per card. Repeat
- xthis~éard-until NOUT2 values have been entered.
VESSEL14.5 (PRINTS(I),I1=1,NOUT4) FORMAT(1615) Read only if NOUT4 > O.
Columns .- .-Variable’ L Description
1-5,... PRINTS(L) . . - Enter ithe index numbers of unheated conductors
to be printed. Sixteen values are entered per
card. - Repeat this card until NOUT4 va]ues have
been entered. 3
VESSEL14.6 NDUMEND FORMAT(15)
Co]ﬁmns'.;wjlgiVériéb]éﬁ-. " ‘£ﬁ*§”1ﬁx e Descr1pt1on e
1-5 -...NDUMEND = Enter zero (0) to terminate VESSEL group

vcontrol card input.

, read by subroutine COBRAI

“COBRA.4 NCSR FORMAT{(15)
Columns Variable Description
. Enter the number of connect1ons to the

1-5 NCSR =

© vessel.

M1n1mum is. 1. .



Card COBRA.5 is read NCSR times.

| COBRA.5  (ISRL(N),ISRC(N),ISRF(N) ,JUNS(N) ,N=1,NCSR) FORMAT(415)

Columns Variable = - S ... Description. . L
1-5 ISRL(N) _‘uEnter the -index number of. the channel where the
connection is located.

6-10 ISRC(N) }wQ¢» Enter the index number of the vertical node in

fﬁ;channel ISRL(N) where the connect1on is located
'n‘1f the connect1on is made at the top or side of
the cel]
.Enter the negat1ve of the node number if the
connection is made at the bottom of the cell.

11-15 ISRF(N) . Enter the gap number facing the vessel
connection if the connéction is at the side of
the cell. ’

Enter 0 if the connection is on the side and

faces a wall.

Enter -1 if the connection is vertical.
16-20 JUNS(N) : Enter the junction number connecting a one-

dimensional component to the vessel.
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RESTART INPUT DATA FLAG, read by Subroutiné ROCOMP  ~

Card COBRA.6 is read only on a restart where fewer than NCOMP components
have been specified’ via the 1nput file, R

AM;COBRA 6 EFLG . Read on1y 1f AINIT =4 and tota] number of components 1n the
B  input is” 1ess than NCOMP. FORMAT(A3) '

CoTumns * Var1ab1e e T peseription

13t “‘:EFLG Y% Entér END to stop reading component data from
B 1 111 f11e and read remaining one-dimensional
component datq from TRCRST restart file.

T
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‘Graph1cs Options, read. by subroutine IGRAF

GRAF.1 MOVIE, TMOVIE | FORMAT(IS,F F10. 0.2)

Coluhhs B VéFiéb1é"{' 77 pescription

1-5 MOVIE ~~° Enter the movie process option. Valid entries
Ojé'no movie (recommended option)

, ':i save data for particle tracker movie.
’Noée The COBRA/TRAC code has the capability
to dump data that can be used'to make particle-
.tracker movies of simulations. However, the
~software to actually -make the ‘particle-tracker
movies is not.part.of the >COBRA/TRAC package,
and will be released and documented separately.
6-15 - TMOVIE - ° = _Enter the -time -interval at which to save data
for “the movie. Valid only if:MOVIE = 1.

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

Columns - Variable ot woomiTocononwe Description

1.5 “.NCGRAF: -  “IEntér-the maximum number of ‘components for '~
: it ayhichtgraphics data may be saved. (This must
be'equal to the value assigned to RESPEC
parameter ‘MH.)
- “Enter'zero (0) if not used.
6-10-° ~° MXGDMP - - ‘= “:Enter the maximum number of time steps for
: ' ' ‘which graphics data will be saved. Absolute
 ‘maximum *i's MI (RESPEC parameter). (Note: This
Lo : : ‘cdnnot be ‘clianged on a restart.) S
11-15 - IGRFOP- -~ * -~ ".Enter the''vessel graphics option, as folloWs:
‘ B 0 for normal vessel dump (all variables saved
. for al1 vessel computational cells)
- N, where ‘N is the number of user-selected
vessel variables to be saved for graphics
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(Note:.: The graphics dunpffof a one-dimensional
.component is the same regard]ess of . the value
‘specified for IGRFOP. This option is needed to
reduce the vessel graph1cs dump to managab]e
L o . size for large problems.)™ - o
16-20' ? NLLﬁ o o Enter the number of 1iquid 1evef
" calculations. (Number of GRAF.3 cards.) (Valid
~ only if IGRFOP > 0.) (See Section 3.4.2 for
%‘“ﬂd1scuss1on of ‘this input. )

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

GRAF.3 (NCHLL(N),JSLL(N),JCELL(N),(ICLL(T,4N).,I=1,NCHLL(N)) Read only if.

NLLR >=0. - - -+ -~ - FORMAT(1615)
Columns Variable T i Description - oo s :
1-5 NCHLL (N) Enter the number of channels in a section to be
TR S used for 11qu1d 1eve1 calcu]at1on N. _
6-10 .. -~ JSLL(N) - o - Enter the starting axial node number for the

.+ Tiguid level .calculation.
.This value should be negative if continuing
input from.previous sections of a 1iquid level
e - calculation - that crosses section boundaries.
11-15 . .JELL(N) .~ . -Enter the ending axial node number {in the -
' - section containing channels ICLL(I,N)) to be
. . o ~ = included.in the 1iquid level calculation.
16-20 ICLL(I,N) -~ - - Enter .the index numbers of NCHLL(N) channels to

e e L - . use-in the -1iquid level calculation.
~.21-25. .. . n. .oeo. (Enter up to 13 values on the first line. If
oo ¢ e . NCHLL(N) > 13, continue on the next line,

entering values in the 1615 format.)
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»

GRAF .4 (IGRFIT(I),I=1,NCGRAF) Read dnTy‘%f NCGRAF > 0.

" FORMAT(1215)

Columns Variable = 7 Description

1-5,...  IGRFIT(I)  °* ° Enter'the index numbers of components for which
" w7 data is to be saved. NCGRAF entries will be
~ read; but zEroes are permissible. (A zero
*wentry can be changed to a component number on a
restart and a component number can be changed
to a zero. But to continue saving data for a
g1ven compenent on a restart, it must be
entered in the same location in the IGRFIT .
§ Tarray For examp]e, if component #43 was
ﬂ"aentered or1g1na11y in the 5th location, (i.e.,
; IGRFIT(S) 43) all subsequent restarts must
| spec1fy component #43 as the fifth element of
o the array )

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

FORMAT(S(ZIS F5.0)

Columns Variable Description
1-5 IGRF(I,1) “'"Enter a number signifying the vessel variable
16-20 f0 to be saved Valid entries are:
31-35 . Channe1 variables--
46-50 ST 2 S pessure
- 2'='void fraction

61-65
; = ‘entrained liquid fraction

-2"11Qu1d fraction

. "I ; qu'l d temperature

_“vapof temperature

= vapor density

= vapor flow

W W N oA W N
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10 = liquid flow,
A11 = entrained 11qu1d £1ow
12 = vapor generation rate
13 = heat transfer rate to liquid
* 14 = Feat transfer rate to vapor
] ”JLS_=»drobiﬁéss,éntrainment rate
_:E:igiazgrqp_méss.de-entrainment rate
: ;i;=;erp_interfac1a1 area density
18 = ETAENP.
19 = HASHL
.20 = HASCL,
2L = HASHY
,:‘ﬁ : é2wé%f16W regime
: R'?3;%‘boundary condition type
$\2{ﬂé,1nterfac1a1 drag coefficient (XK)
'”,251;21nterfac1a1 drag coefficient (XKGE)
3?h%<m1xture density; (apv+(l-a)p2) ’
Gap variables--
. ..26.= vapor crossflow .
: ;Q?] jiguiq crossflow
w éé éhtréfned 1iquid crossflow
Rod Variables-- AipET
. = heat transfer node |
‘_]1qu1d temperature (seen by rod
... . IGRF(1,2))
.&;31?5ﬁvapor temperature (seen by rod
. IGRF(1,2))
‘im3g1§éheqt,transfer coefficient to 1iquid
y;;ﬂééw;}heqt;transfer coefficient to vapor
f‘ 34;ﬁtheat flux
‘: ;:35;;~C°d surface temperature
f;ﬁ; §6w%;9eakﬁtemperature on rod identified in
_ IGRF(I,2) at axial node GRFN(I)

Ly 30,
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6-10
21-25

©36-40
51-55
66-70

11-15
26-30
41-45

56-60
71-75

IGRF(1,2)

GRFN(T1)

“Enter channe], rod or gap number for wh1ch

se]ected var1ab1e will be saved. Parameters

1-25, ‘and 37 are channel var1ab1es 26- 28 are
. gap var1ab1es 29 36 are rod var1ab1es If
T IGRF(1,1) % 35 or 36 and the ‘inside surface

:temperature 1s des1red enter the negat1ve of

‘the rod number. -

Enter the vert1ca1 node number for wh1ch the

selected var1ab1e w111 be saved

For rod variables, enter the vertical e1evat1on
_in inches.  (Must be within 1 1nch of a
" “'vertical node location.
""" For 1GRF(I,1)=36, enter the radial node index
‘(Node'1 is on the inside of the rod)
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2.4 TIME DOMAIN DATA, read by Subrout1ne TIMSTP

i' After a11 component data has been entered the user must define the-time
domaln for the s1mu1at10n. The total time can be divided into several domains
of spec1f1ed durat1on. Each t1me domain can have different minimum and -
max1mum t1me step sizes and d1fferent -edit.intervals. To terminate the-.
calcu1at1on a time doma1n with a negat1ve time step size is entered. Two
- cards are requ1red to spec1fy the data for. each time domain.

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

Columns " variable . Description
1-14  DTMIN . Enter the minimum time step allowed for this

_.domain, in seconds.
. Enter a negative value to terminate the

calculation.
15-28 DTMAX Enter the maximum time step allowed for this
domain, in seconds.
29-42 TEND Enter the end of this time domain, in seconds.
43-56 RTWFP Enter the ratio of conduction solution and

fluid solution time step sizes. (Used to
obtain steady-state conditions. The conduction
solution can generally take time steps greater
than the fluid solution. For- transient
calculations, RTWFP should be one.)

57-70 TMAX Enter the maximum CPU time allowed for this
run. If this CPU 1imit is reached during this
simulation time domain, the run will
terminate. (Dump files will be written, so the
calculation can be restarted.)
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TIME.2 EDINT,GFINT,DMPINT,SEDINT,TCKLEND  FORMAT(5E14.6)

Co1umns |

'Variab1e

Description

1-14

15-28

29-42

43-56

EDINT

GFINT.

DMPINT

SEDINT

,nEnter_tne_print interval for this time

domain. Output will be printed every EDINT
seconds.

~~Enter- the graph1cs interval for this time
'doma1n Data for graphlcs w111 be saved every

GFINT seconds A o
Enter the restart dump 1nterva] Dete for .
restarts will be saved every DMPINT seconds.
(NOTE: For larger problems, the restart dumps
create relatively large files, and can become
unmanageable if too many dumps are written
during a simulation. Regardless of the value
for input DMPINT, the dump logic automatically
writes dumps at the beginning of a calculation,
at the end of a calculation, and after every 60
minutes of CPU time during the calculation.
This is usually quite sufficient, and DMPINT
can be set to a large value.)

.Enter the "short edit" interval for this time

domain. (A "short edit” is an abbreviated
print.) Short edits will be performed every
SEDINT seconds.
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57-70 TCLKEND _ Enter the wall c]ock time (dec1ma1 24 hour
ST clock) at which to stop ‘the calculation and
create a restart dump and edit. (This 1s. A
'usefu1 for . runn1ng the ca]culat1on dur1ng .
:partjcular sh1fts, for examp]e, TCLKEND can be
“entered as 7.5 to stop the calculation at
7:30am. o -
-JEnter zero 1f this feature is not used.
Repeat ‘cards TIME 1 and TIME.2 for each t1me ‘domain desired. A final time
domain with a negat1ve va]ue for DTMIN must be entered to term1nate the

ca]cu]at1on
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»2 5 SPECSET REDIMENSIONING PROGRAM

| A110cat1on of array storage in COBRA/TRAC reflects a major d1fference
between QQBBA»TE;QHQ.TRAC , TRAC uses two large arrays.for variable.storage,
with,xqriable,1ocqtioqs_ca1cu1ated for each problem using_pointer arrays. - -
COBRA/TRAC has retained the pointer arrays and lgcating logic for.the one- .
dimQQ§iqﬁa1,pompgnents.; COBRA-TF .uses .a-set of (COMDECKS containing array
_nvariab1és which.can _be redimensioned using a. préprocessor»program =SPECSET. .
: When redimensioning. the COBRA/TRAC. code, -both of .these storage-allocation
methods must be.accommodated.

This séction"discusseS'the’procedure for redimensioning the COBRA/TRAC
code on @ CDC machine with the UPDATE ‘facility. ' The pﬁoéedure*consist§:of‘a
series of ‘updates (outlined below) that define the §izes of the ‘COMDECK arrays
‘for-the  VESSEL component and the 1ength of the“A‘and ALCM arrays for “the one-
dimensional components. " W ' SR

The COMDECKS forthe vessel component of COBRA/TRAC consist ‘of sefs of
~.common blocks with dimension parameters instead of numbers def1n1ng the ™
farrays.v An examp]e -0f a typ1ca1 COMDECK 11ne qg Yo 0T oS SR

’-*‘COMMON/DUMMY/ﬁA(MC,MX);*B(MT) s R

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

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

This new COMDECK file is copied into the COBRA/TRAC code via UPDATE, and the
code can then be compiled. The user must supply values for 41 dimension
parameters for SPECSET to redimension COBRA/TRAC. The line-by- 11ne 1nput for
SPECSET 1s Tisted in’ Sect1on 2. 5 1, and the 41 d1mens1on parameters wh1ch must
be define are 11sted in, Tah1n 2.1. ' ‘
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The A and ALCM arrays'to define the s%ie.ef the‘stdrage'afTBcatednfor the
one-dimensional components can be changed on]y by changes to the code
(specifically, in common *decké BLANKCOM*and LCMSPACE, ‘and subrout1ne
BLKDATY. ~The’ appropr1ate ‘sizés for the A and ALCM arrays for a part1cu1ar
problem are ‘difficult to éstimate a’ ‘priori. - The user could; for a part1cu1ar
problem, work through ‘the~ 1og1c in”the code by ‘hand to-add’ up the storage '
“allocations-foF “each-component; and-thus-arrive at a- value- for “the storage
required.  This is ‘a‘very tedious procéss, however. It is much simpler to
optimistically assume that the standard dimensions in the code (of 5000 -for
the .A array and 10,000 .for the ALCM.array) will..be large -enough for the
problem, and execute -the code. .In processing the 1nput-data,fthe;code=
‘automatically adds up :the storage ‘required by the problem, and.checks it - -
against the existing dimensions. If the arrays are too small, the code prints
an error message telling how much more room is needed. (a)

The Job -Control -Language «(JCL)-:and input files required for :
redimensioning :COBRA/TRAC are -illustrated -below. -Although -the procedure--shown
-redimensions both the vessel arrays (through SPECSET)- and the. one-dimensional
arrays (through UPDATE changes) it should be noted that either may be done
separately. The one-dimensional arrays can:besredimensioned, starting with
any complete update library of the code. Similarly, SPECSET red1mens1on1ng
.can be.executed without redimensioning the one-dimensional arrays. . The
complete procedure is as follows;. . .. .° = .~ R A B
1. “Create a source file of ‘thé"COMDECKS.

" UPDATE2( I=CDECK,L=0,S=TAPE3) |
CDECK is a card-image file of the COMDECKs ABSORD through RESPAR,
with the d1mens10n parameters 1n place of numbers.

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

Ta] TRAC or1g1na1]y conta1ned a var1ab1e d1mens1on1ng capab111ty that would .
automat1ca11y adjust the array sizes for a g1ven problem But since this
ogic is of necessity machine dependent, it was not included in
COBRA/TRAC.
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Create a compile file of program SPFCSET.ﬁﬂﬂ,FomPi]e-itf*;? Lo
UPDATE2( 1=RESPEK,C,L=0) . R o
RESPEK is a card- 1mage f11e of program SPECSET,@;qst,
FTN{I=COMPILE,CNAME=SPECS,SL=0,R=0) . .. -
. SPECS is an_e executab]e binary. of SPECSET.

- Execute SPECSET. :(Input file TAPE2 and:the COMDECKS f11e “TAPE3 must be
available. See sample input in Table 2.2) EEREEE

SPECS o _ . . e
' SPECSET creates a f11e on TAPE4 that conta1ns the vessel COMDECKS

‘ w1th numbers in place of the qjmen§1on,parameters‘ C e

Remove the old COMDECKs from COBRA/TRAC.
UPDATE2(P=CT012U,N=NEW1,1=A,L=0,C=0,F)

A is._an update::input file that removes the: old* COMDECKS. It

contains .1 linej SRTERAENNEE

. *PURDECK ABSORD.RESPAR Ee

CTO012U is an old program library of COBRA/TRAC.' .. *~

~‘NEW1 is' the .new. program 1ibrary of COBRA/TRAC created by the

-, update. > =

Comp]ete ‘the purge of the o]d COMDECKs from COBRA/TRAC.
UPDATE2(P= NEw1 N= NEw2 1= B €=0,L=0,F,E)
-B is a dummy update 1nput f11e cons1st1ng of 1 11ne
. ﬂDDWY B )
NEW1 is the old program 11brary of COBRA/TRAC (created in step 4)
NEW2 is the new program library of COBRA/TRAC (wh1ch has no
'COMDECKS) '

---------
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6. Add the new COMDECKs to COBRA/TRAC.
UPDATE2 (P=NEW2 ,N=NEW3,1=C,L=0,F)
C is an update 1nput file that adds the new COMDECKS on TAPE4 to
COBRA/TRAC. It consists of 1 11ne o
*ADDF ILE TAPE4, YANK$$$ | -
NEW2 is the old program 11brary of COBRA/TRAC. (created in step 5)
~-NEW3 - is the new program 11brary of COBRA/TRAC (which contains the
new COMDECKs). R . Pl T

7. Change the dimensions on the A and ALCM arrays. (This’step fé'bptional
" if the ‘standard va]ues of the arrays are large enough for the problem at
hand, this step ‘can be omitted. ) : ‘
UPDATE2(P=NEW3,N=NEWPL, I=D,L=0,F) :
D is an update input file containing the changes; .-

. %D :BLANKCOM.3,4-- -~ :+ ~"(The A ‘and IA array must be
COMMON A(nnnnn) ~ dimensioned to the :same value,
INTEGER IA(nnnnn) ~" since they are ‘equivalenced.)

%D BLKDAT.55 - SO SRR SN
-~ DATA LAST/nnnnn/.. - .- = {The variable LAST defines the

last element of the A array. It
must be set to the. value the. A
~array_is_dimensjoned to.)
*D LCMSPACE.3,4 . . . .
COMMON/LCMSP /ALCM(mmmmm)  (The ALCM and ILCM array are

~ DIMENSION ILCM(mmmmm) . equivalenced.)
u *o BLKDAT.54. L
DATA LLAST/mmmmm/ (The variable LLAST defines the

last element in the ALCM array.
It must be set to the value the
ALCM array is dimensioned to.)
(The file D may contain other changes to the code,‘a1so.)
NEW3 is the old program library of COBRA/TRAC.
NEWPL is the new program library of COBRA/TRAC, (which contains the
new COMDECKs, the new A and ALCM arrays, and any other change
included in file D.)
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8. Compile the new program library (NEW3 or NENPL depend1ng on whether or
not step 7 was executed). w ' .
(If step 7 was skipped, change the name of file NEW3 to NEWPL.)
~ UPDATE2(P=NEWPL, I=HOPE1,C,L=0) _ o ;
. FTN(I=COMPILE ,ROUND=0,B=TLIBI,SL=0,R=0)
- _UPDATE2(P=NEWPL,I=HOPE2,C,L=0)

~ FTN(I1=COMPILE,ROUND=0,B=TLIB2,SL=0,R=0)

- UPDATE2( P=NEWPL,I=HOPE3,C,L=0).": -
FTN(I=COMPILE,ROUND=0,B=TLIB3,SL=0,R=0)
FTN(I;CSIZE=1300000,SS=400,CNAME=COBRAB,LF=LF12,&
CR=0,SL=0,GLIB=TLIB1,GLIB=TLIB2,GLIB=TLIB3)

HOPE1l, HOPE2 and HOPE3 each contain update compilation
» d1rect1ves for about 1/3 of the subroutines in the code. -
) ~:TLIBl TLIBZ and TLIB3 are FTN 11brar1es each containing the
compiled subroutines of the code defined by HOPEl, HOPE2 and -
HOPE3, respectively.
LF12 contains the overlay structure.
COBRAB is:the executable binary file.

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

SPEC.1 LCMV

-’

FORMAT(A3)
Columns Variable ‘ ‘Description®
1-3 LCMV .- Alphanumeric flag-for .largé core :memory

option. Enter LCM.to.specify large core memory :

- .storage for _major array variables in COBRA-TF

common blocks. - Enter-a blank -card to specify

-.small core ‘memory only... *

SPEC.2 IFTURB ~ FORMAT(15) .
Columns -+ . - Variable - Description -
l Optiona]'dimeﬂkioning bf turbulence arrays;

1-5.- - - -IFTURB

. IFTURB =: 0, code dimensioned. for turbulence
| model. .~ - i7" A
.. “IFTURB:= 1, code not dimensioned for
-+~ turbulence model ..
SPEC.3.- .MM=IVAL - FORMAT(2A1,1X,15):
Columns Variable Description
1-2 MM Enter a two-character alphanumeric dimension
parameter name. (See Table 2.1). -
3 Enter an equal sign (optional).
4-8 IVAL Enter the numerical value desired for the

dimension parameter named in MM. The number
entered may be right or left-justified. The
code extracts only the actual digits entered.
For example, MC=100 is intepreted as the same

value as MC= 100.
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Card SPEC.3 is repeafed'until all 41 dimehsion paréméférs have been
specified. The SPECSET program will fail if even one has been omitted. The
parameters can be entered 1n any order, as long as none are left out. ,The
equal” s1gn between MM and IVAL is not read by the code, but 1t helps c1ar1fy'
the 1nput for the user. On restarts SPECSET parameters may not be changed

umfrom those used to create the restart dump, otherw1se the dump will -be read
1mproper1y

2.111




Parameter

TABLE 2.1, SPECSET Dimensioning Parameters

7

Definition

MA

MB

MC

MD

ME(a)

MH
MI
M5

Mﬁ(a)

Maximum number of pa1rs of entr1es for the vert1ca1 var1at1on
tables.” Edch" tab]e will be d1mens1oned for MA pa1rs of elements
(This parameter should be’ equal to or greater than the max1mum
value of NAXL(I), entered in group 5 on card VESSEL5.2.)

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

Maximum number of channels. (This parameter should be equal to or
greater than the maximum value of I, entered in group 2 on card
VESSEL2.2).

Number of records read to describe transverse orthogonal

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

Maximum number of connections to one-dimensional-components at a
given level in the VESSEL. (This parameter is not checked directly
by the code. The user must check it against his input on card
COBRA.5.)

Number of components dumped for graphics.

Maximum number of graphics dumps to be made.

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

Vessel loop connection logic parameter. It must be equal to or _ >
greater than the value obtained from the following.

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

TABLE 2.1. (continued)

Definition _

mg(a)

= ME

= MG
ML

MR

MS

M6 > NVC*(2*MVCL+2)
" where NVC

‘total ‘number of vessel connections ('specified by
input on line COBRA.4). '
the maximum number of vessel connections in any

“MCVL
- one ]oop,A(wngre a loop is defined as a flow path
through a series of one-dimensional components
- that-exits the.vessel at one junction and returns
" to the'Vesselﬂthroughfat"1east one other
junction or ends at a break or fill.)-

- Maximum ‘number of junctions. - (This parameter should be equal to or

greater than NJUN, entered on card INPUT.4.) -~
Maximum number of fuel geometry types. ”'(This parameter should be

..equal to or greater than:NFUELT, entered in group 9 ‘on card
. -VESSEL9.1.) oo B ’
' .Maximum number of transverse connections between channels (i.e.,

gaps):= (This parametér should:be-equal to or greater than the

‘maximum- value of NK, entered in group 3 on card VESSEL3.2.)

Maximum number of “vertical variation tables. "(This parameter
should be equal to or greater than NAFACT entered in group 5 on
card VESSEL5.1.) - '

‘Maximum number of -rods. (This parameter should be equa] to or

greater than NROD, entered in ‘group 8- ‘on card VESSELS8.1. )

Maximum number of pressure sink and mass source boundary conditions
(i.e., up to MS type 4 boundary conditions and up to MS type 5
boundary conditions can be specified ‘in input group 13.) (This

~ = parameter should be eqda1Lfd“br‘greaferithah’the”maXﬁmum number of

MT

either type 4 or type 5 boundary cond1t1ons spec1f1ed in group 13
on card VESSEL13.4.)" : o C

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

TABLE 2.1. (cgn}{nueQQ

. Definition

MU

MV

MX

MY

Maximum number of spec1f1ed vert1ca1 boundary:conditions. (This

~-parameter should be equal ‘to or greater than:. NIBND,-entered on card

VESSEL13.1.)

—~-Maximum- number:of -forcing functions on the 'specified cell boundary
‘conditions. (This parameter should be equal to or greater than
‘NFUNCT-.on card VESSEL13.1.) ‘

' Maximum number of vertical nodes in-a‘section. (This parameter

should be -equal "to .or: greater. than:the maximum value of NONODE+2,
entered -in-group 4 on card-VESSEL4.2.)

- Maximum_number of locations plus 1,:in any one-channel,. where

vertical velocities: convect-transverse momentum across section

_boundaries. (This parameter..should be at least 1l.greater than the:

, .- maximum .value of \NAMGAP, entered: in group-2 on card VESSEL2.2.)

MZ

NA

NB

where - NSECTS

Maximum number of liquid level records to be read by input line
GRAF.3. .This.is:the:maximum number of groups of channels that can-
be considered in the.liquid:Jlevel graphics calculation..

-Maximum. number -of continuity .cells. This parameter should be equa1
.to or greater .than the sum.of all nodes:in.all channels;

'NSECTS o = =7 % |

») NCHN(N)*NONODE(N)

N=1
total number.of sections (entered on.card
... ... VESSEL4.1.) -

NCHN(N) = number of channels. in .section.: N (entered on card
_ .- VESSEL4.2.)..

... NONODE(N)..= .number of vert1ca1 levels.in.section N, (entered on
S -..card VESSEL4.2.) .
Max1mum number of flow connections to a cell, (1nc1ud1ng all

.}

]

_connections for~yert1c§1‘ﬁlow and transverse flow)... -
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Parameter

“TABLE 2.1. (continued)

- Definition _

‘- NE

NF -

~Maximum bandw1dth of ‘pressure solution matrix. Bandwidth for a
‘given-problem is (2*IWIDE+1), where IWIDE is specified in group 4

on card VESSEL4.4. NE must beéqual.to or ‘greater than
(2*IWIDE+1). T R ’ : T

- Maximum~number- of “pairs of ‘entries in - tables of forcing functions

on boundary conditions, rod power and gap conductance. Each

" forcing function may have up to NF pairs of entries. (This
“parameter- should be equal to or greater than the maximum of

. NPTS(K), entered on ‘card VESSEL13.2, and’ NQ and NGPFF, entered on

NI .-

card VESSEL1l.1l.) -

© ‘Maximum number of cells in any one simultaneous solution group.
. (This parameter ‘should bé equal to or'greater than the maximum

.- difference between adjacént e]ements ‘of the MSIM(I) array, entered

NL

NN

NP

NQ

NR

=:in group 4.on card VESSEL4.5.)"
. Maximum number of transverse momentum cells ‘that have crossflow set

to zero.- (This parameter - $hould ‘be equal to or greater than NKBND,

.entered "in group 13“on card VESSEL13.1.)v

Maximum number of radial nodes for conduction in a rod. (This
parameter should be at least 2 greater than the maximum value of

- NFUEL, ~entered in -group 9 on card VESSEL9.2-and- greater than the
..number. of nodes specified for a. nonnuc]ear geometry type )
- Maximum number of entries in a material property table. (This

parameter should be equal to or greater than the maximum value of

_NNTDP,: entered. in group 10 on card VESSEL10.2.)

Maximum number of sections. - (This ‘parameter should be equal to or
greater than NSECTS, entered in group 4 on card VESSEL4.1.)

Maximum number of heat transfer surfaces on all rods, including
both internal and external surfaces in contact with the fluid.

(This parameter is not checked directly in the code. The user must

- check it against his 1nput for the LR array in group 2 on card
VESSEL2.4. ' : ' CL
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Parameter

TABLE 2.1. (continued)

- Def1n1t1on

s

Ns(a)

NT

" Maximum number . of junction . connections . to"one-dimensional
-components. " (This parameter should-be equal to.or greater than

NCSR, entered on-.card COBRA.4.)- -

-Maximum-number of -unheated conductors.- (This-parameter should be

- equal -to-or.greater-than-NSROD, entered in-.group-8-on card

NV

VESSELS8.1.) -

‘Maximum number of heat: transfer surfaces on-all unheated

conductors, including both internal and-external surfaces in

~_contact with the.fluid. (This parameter is-not checked directly in

the code. The user must check it against his input for the LS

array in group.2 on.card VESSEL2.4. NV.must be equal to or greater

.. than the maximum_number of .nonzero :entries ‘in.the LS array.)

NX

NY

Magimum‘nqmberﬁofgaxialmnodes:Jn-rods,aincludingqthose:created by

fine mesh renoding. (Recommended“va1ue,js,BOeifurenoding is used.)

- Maximum number of radial..nodes .for conduction in:an:unheated

. conductor.. This parameter.-should be equal to or greater than the

- maximum value of the sum of all nodes :in-a non-nuclear-geometry

NZ

N3

type.

NFUEL(I)

where NFUEL(I) number- of regions in geometry type I.(entered
- ... -on-card VESSEL9.6).: -
NODER(L) = number of .nodes in region-L of. geometry type I,

- . (entered on card VESSEL9.7).

Maximum.number. of vertical levels in .the VESSEL. -(This’ parameter

should.be at. least. 2 greater than NDX, entered in group 1 on card
VESSEL1.1.).- A S 5

-Maximum number of. axial power profile tables.:. (This parameter

should be equa] to or greater than NAXP, entered in group 11 on
card VESSEL11.1.)
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_ JABLE .2.1. : (continued) -

Parameter .~ Definition

N4

Maximum number of rod or unheated conductor temperature
initialization tables.- (This. parameter should be equal to or
greater than NRTAB, enteredijn group 8 on card VESSEL8.1.)

N5 - Maximum-number of -entries -in-a -given rod or-unheated conductor
‘temperature -initialization téble.' (This parameter should be equal
to or greater than the'maxi@um value of NRAX1, entered in group 8
on card VESSEL8.4.)

N8 Maximum number of nuclear fuéJ rods using the dynamic gap
conductance model. (This phfameter is not checked direttly in the
code. The user must check1it<against his input in group 8 on card
VESSEL8.2 by summing the numﬁér of heater rods using the dynamic

. gap conductance mode].)&f' 3y

(bINC-.. 2 * NN |

ND . 25 + 5 * NB
NG = NN + 2
NH NX + 2
NJ NB + 1
NK NB + 5

Tb) The parameters NC through NK are:diﬁénsion parameters calculated

internally by SPECSET, based on parameter values input by the user.
These parameters are not specified directly in the input for SPECSET.
They are listed here only tc inform the user that these parameters are
used in the common blocks to define certain arrays sizes.
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TABLE 2.2. Sample Tnput File TAPEZ for SPECSET Program

TELCM

| MBe 44 o
MC= 282

©OME= T8
M= 11

MG= 313
ML 64

C MR= 10

MS= 1
MT= 2

o MU= 117 -
Mv= 1

MY=" -9

MX=. 5

NT= 249

NV= 383

NY= 6

N3= 2

Ne= 1

N5= 3

N8= 10

NA= 556

NB= 8

NE= 51

NF= 90

NI= 54

NL= 80

NN= 8

NP= - 8 -

NQ= 10 : )
NR= 10

NS= 12

MZ= 85 ' '
NX= 100 *
NV= 56 '

NZ= 22

MH= 10

MI=1000

M5= 950

- M6= 120




2.6 -GRAFIX POSTPROCESSOR- PROGRAM : -

Th1s sectlon describes the 1nput requ1rements of the GRAFIX postprocessor
"program. GRAFIX is an” interactive program that reads the graph1cs dump file .
TAPE11(2) created by COBRA/TRAC and, under. gu1dance from the user, translates
the data into a plot file. This. f11e contains the plot coord1nates, axes )
1abels, opt1ona1 measured data coord1nates and ca]cu]ated data. The GRAFIX

-program does not produce the p1ots 1nstead, it produces a fi1e that can be o
read by a p1ott1ng program (NENPLOT) us1ng CALCOMP p]ot commands for f1na1
p]ott1ng The Programmer s Manual’ (Volume 5 of this document) explains how
GRAFIX and NEWPLOT work and ‘should be consu]ted when mod1fy1ng the COBRA/TRAC
code package for a part1cu1ar computer system. o 'f

GRAFIX can prepare data for three types of p]ots

° var1ab1e versus time:
o variable versus vertical level (in the VESSEL component only)

e rod temperature versus radial location at specific e1evat1ons and at
specified times (for the VESSEL component °"]¥)1,,

The user can specify up to five separate calculated:data:curves on any one
plot, plus optional measured data. :The user can control:the physical size of
the plot, the scaling of the-data, .and the axis-labels.  GRAFIX-will also . -
perform some simple unit conversions on the-calculated: data.if requested.

GRAFIX .can be run in two different:modes: 1)-interactively; prompting the
user with;questions and waiting for answers from:the keyboard,:or.2}:"batch"
mode, using a command file.or data, saved: from:a previous-interactive:session -
for input. .In.the interactive mode,. the user's responses:are:entered . in
unformatted "free-field" mode. This eliminates. the need to place-the-entries
in.specific column_positions. Multiple entries on a line are.separated by:
commas. The only restriction is that the user must include a decimal point
for real yariaples,,~ '

Ta) See Section 2.3, (Graphics Options input), and Séction 3.4.2 for'a
discussion of how to save graphics data during COBRA/TRAC simulations.
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If the the user does not wish to be troubled with entering plot labels,
GRAFIX w111 write, three 1abels on the plot according to what it knows, about
the var1ab1es be1ng plotted These 1abels are necessar11y somewhat vague, and
for. report quallty graph1cs, the Juser. shou1d enter his own ]abe]s fThe“
default 1abe1s are usefu] however for qu1ck 1ooks at. the data. . .

P]ot s1ze and 1abe1 1ocat1ons are spec1f1ed in inches.  The or1g1n of the
axes is the (0 0 in., O 0 in. ) coord1nate of the plot. Labe1 pos1t1ons are
Spec1f1ed by an (x,y) coord1nate at wh1ch the 1abe1 is to start. (Th1s
coord1nate is the pos1t1on of the lower left corner of . the f1rst character of
the 1abe1 ) The. size of .the, 1abe1, also in . 1nches, def1nes the he1ght of the
characters in the label. Labels may. . be rotated by spec1fy1ng the angle of
rotation, in degrees. (Usua]ly, X ax1s 1abels are rotated 0 0 degrees y- -axis
labels are rotated 90.0 degrees, bt any rotat1on is acceptab]e ) The 1ength
of each label can be determined by the following formula:: -

T T St
(R S I .

where L = length, in inches ~
H_= height of.the:1label in'inches -
N =.number of.characters in-the Tabel.: .= ... Tav oo

Using- this formulaj it is possible to-define a starting 1ocat1on for each 7
label that: w111 place-it.exactly where the*user wants it. o & ‘

fIffdefault;sca11ngvts‘used, GRAFIX will search for the minimum and -

‘maximum :values-and:scale the.data accordingly. -This will-not génerally -

produce-elegantly:partitioned. axes; but is useful for scanningithe data. The’
data to be plotted may-also:be scaled to fitbetween user=specified minima and
maxima: for the x and'y ‘axes, for report quality plots. “Unless’a conversion
factor is being used, ‘the data will be plotted as found inithe" graph1cs dump
file: T, O e _ -
Because GRAFIX is norma]]y run interactively, it is not possible to Tist
the line-by-line input instructions in quite the same manner as for the other
programs in the COBRA/TRAC package. Instead, a typical interactive session is
given below. Th1s session uses most of the c"rrent u“AFI ptions;';“ B
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=)

ry

HELLO THERE! GRAFIX IS AT vOUR SERWICE

THE DATA FILE WAS LAST WRITTEN QN S2-03-26. N8:01:24,

THE FILE CONTARIMS 13 puMEs FapR 10 camMPoONeENTS
“THE COMPOMENTS “RARE! LR ’ R
MO. L TVFE " TIME FIRST. DATA WAS SAVED
1 BRE R 15.0178
2 .p‘z’és L 00l
3 WESSEL <001

IF YOU WISH TOD ENTER OFTIONS INTERACTIVELY
ENTER I {ZERQY. IF YOU WANT TO USE INTERACTIVE
DARTA SAVYED FRDOM AN EARBLIER RUM (TAFE3JI) ENTER |

ENTER THE COMPOMENT NUMEER TO. BE PLOTTED
ENTER [} (ZERO? TO TERMIMATE THIS RUN

¥OU HAYE SELECTED: THE "VESSEL
ENTER 1 FOR TIME PLOTS

ENTER 2 FOR AxIAL FPLOTE
ENTER 3 FOR RADIAL PLOTS. ..

vOU HAYE SELECTED A& TIME FLOT.

THE FOLLOWING CALCULATIONS OF CONVERSIONS ARE.

CURRENTLY ALAILAELES

A ® FACTOR

A + E) & FRCTOR
(R-— BY ® FACTOR o
(A + Cl1) ® c2 + FACTOR

&v L N e

ENTER YOUR CHOICE
CHOICES 1 oF 4 mMAY BE AVEBRRGED OWVER '
AXIAL RANGE. ENTER | TO AERAGEy 0 OTHERWISE

ENTER THE NUMEBRER 0OF CURIES FOR THIS FPLOT.
(MIN.=1syMAx. =5




THE FOLLOWING CARITAELES ARE FOSIIELE SELECTIANE
FOR “A" OR “E7

1=sL1ruID FRACTION AW SECTY T

Z1=
S=UAPOR FRACTION . o ZERSPENTAIIN . . ~
ITENTRAINED LIGUID FRACTION 2I=zENT T g0
4=SLIOUID FLOW LCONTINUITY! S4=TZIT 5T I
S=REOR FLOW. LCONTTRGITY S R TIVE TR R TRy
BS=EMTRATINED FLOW (CONTINUITYY SESHTIW LTy N
TELIPUID FLOW ‘MOMENTUM) - SR el e} UM AF ENION "
B=vAFOR FLOW CMOMENTUM SMODE LIy !
- FTENTRAIMNED FLDW YMOMENTUM? 23=ROD TEMFERATURE
1“—FPEAQHPE IUSLICUID CROSIFLOW CCONTINUITY?
11=LIRUID TEMFERATURE - Il=vAFOR CROZZFLAW LoONTINJITY)
2=warar TEMPERATURE . IZTEMTRAINED CROSIFLOW (CONTINUJITY)
13=L1pUID DENSITY SMTCLE (TSN
194=1'APQP LENSITY ,
15=HASHL (IsJ" .
18=SHAZHL (T 30 STLIDS CTemd
17=caMA (12 I AVETVARE S TN
13=HAsCL (I J" IE=TSTRUIs T ND
19=HAscL LIy gy, & g R '
SwK CTag) e e ‘ : .
ENTER SELECTIONS FOR H‘E-lli'g'FHCTDP . o e
-- 01 IF NOT UEED ‘annﬁr xc’lgx | R T '
FoA0sDe D s D81,y C oA R )
EMTER SHIFT FOP TIME AxISs LI IF NOT NEEDED
T fos
ENTER CHANNELS ROD OR SAF NUMEER FOR A7 =~ CUuRVE - 1. \
T 1
ENTER MODE NO. C(AXIAL FOR CHRNMELS DR GRFSY .
RADIAL FORF ROD TEMFERATURESs [ QTHEAWISE! oo
w f, e Py Cag oL R s
. ENTER CHANNELS ROD OF 53&F MNUMEER FOR ‘A7 = CURGE 2
v 1
_ENTER NODE NO.  LAXIAL -FOR CHANNELSZ OR GARFS)
PADIAL FOR ROD TEMFERATURESs U OTHERWISE? .
DO vOU WANT MEARSUFED DATA ON THIE FLOTT ‘ o A
7 NO ' o
NOW DESCRIEE THE PHYSICAL CHARACTERISTICS OF THE FLOT
DEFAULT SIZE 15 &.0 IN (23 By S0 IN Ovd . . . -
DEFAULT LARELS ARE MINIMAL DESCRIFTIONS OF, THE AXES -
DEFAULT SCALING USES MINS. ﬁNn_gﬁu=. ENCOUNTERED IN THE DATA
ENTER I TO USE THESE DEFAULTSY 1 TO DESCRIEE FLOT FLULLY
" o o .
ENTER THE COMFONENT NUMBER TO BE FLOTTED
ENTER [ (ZERD! TO TERMINATE. THIS RUN . -
v 3 ; : : :




m

O

v
THE

CURPENTLY

ENTER

ENTER THE NUMEER OF
CHMIN.=1ymAax, =51 S : S T

THE
FaOr

HALE TELECTED THE VEISEUL

1 rom’
2 For
caR

ENTER
ENTER
EMTER

TIME FLOTEZ
AwIARL FLOTES
PADIAL FLOTE. -

HRVE SELECTED A
FOLLOKWING CALTILATIONS
AVATLARELES

TIME FLOT,
or

H

A ¢ FARCTOR

A+ EY * FACTOR
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CMOMENTILIMI
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SENTRAINED
ZLIRUID FLOW
=UaFOR FLOW
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IU—PRE:SURE

11=LIEUID TEMFERATURE
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TENT UIeJ) .
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=ERAAD LI XY N?
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ROD Tsnpepafnns
SLIRLID rﬁu SFLOW
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J4=HTS
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NO

ENTER SHIST FOR TIME AXISy 1 IF nNOT NEEDED

EMNTER CHANNEL?® ROD OR SAF NUMEER FOR “&° - CLURVE

ENTER MODE NO. fAXIAL FOR CHAMNELS OR GAPS)
RADIAL FOR FOD TEMFERATURESy {J OTHERWISE)

ENTER CHANNELs ROD OR GAP NUMERER FOR “E° - CURVE

ENTER MODE NO. (AXIAL FOR CHANMELS OF S/RFE
PADIAL FOR ROD TEMPERATURESY [ OTHERWISE?

m

22

DO yOU WANT MEASURED DATA ON THiS FLOTY

rHOW DESCRIBE THE FHYSICAL CHARACTERISTICS OF THE cLaT

DEFAULT SIZE I 6,0 1IN (x» By S.0 IN Cy)

DEFAULT LARELS ARE MINIMAL -DESCRIPTIONS OF THE RXES

.

1

DPEFAULT SCALIMNG USES MINS. AND MAXS. ENCOUNTERED IM THE DATA

ENTER [ TD USE THESE DEFAULTSs 1 TO DESCRIERE PLOT - FULLY & -

ENTER THE COMPONENT NUMEER TO EBE FLOTTED
ENTER [ (ZERO) TD TERMINATE THIS RUN

you HAVYE SELECTED A DNE D‘gDHPDNENT.
CURRENTLY OMLY TIHE PLOTE HRE RVﬁILﬁBLE.
THE FOLLOWING CUMPUTRTIDNS DP CDNVEFGIGNc
MRY BE SELECTED

1=A ¢ FHCTUP
. 2=(A + B FRCTDH ]
3=(A - B) ¢ .FACTOR . . -
4=dn + . cl). e PE + . FACTAOR

e

ENTER YOUR CHOICE:-

THE FOLLOWING UHRIHBLES RRE PDSSIBLE SELECTIONS
FOR & AND B #

1=vRPOR FRACTION
2=PRESSURE

3FLIRUID DENSITY
4=¢APOR DENSITY
S=LIRUID TEMPERATURE
5=VAPDOR TEMPERATURE
FELIRUID VELOCITY
3=vaPOR VELOCITY
IZMIXTURE VELOCITY
10=L1ipuID FLOW

li=vAFrar FLOW

ENTER SELECTIONS FOR AsEBIClyCSyFRCTOR
(0 IF NOT USED). FORMAT IS (215 3FllD

2595 0,.50.51.
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MO

ENTER SHIFT FOR TIME AxI3s (. IF ~NOT NEEDED
ENTER THE NUMEER OF CURVES FOR THIZ FLOT
CMING=1y MAx.=S2 - ] ’
EMTER CELL MUMEER FOR A ~ CumRwveE 1

DO VAL WAEKNT MERSUSED DATA ON THIS FLOTY

HOW DEZCRIEE THE FHYIICZAL CHAPACTERIZTIIE OF,

DEFAULT TIZE IZ .0 1IN (x3 Bv S.0 In

£

LDEFARNT LABRELT MRE MINIMAL [DESCRIFTIONE

THE FLOT

aOF THE RAxE=

DEFALILT SCALINGS USES MIMS. AND MAXZ. EMNCOUNTERED "IN THE DATA

ENTER THE COMPONENT NUMEER TO EE FLOTTED
ENTER | (ZERQ!) TA TERMINARTE THIZ RuUN

YOU HALYE SELECTED A OME-D COMFONEMT.
CURPENTLY OMNLY TIME FLOTS APE SAUAILAEBLE.
THE FOLLOWING CTOMFUTATIONS ORF IOHVERZIONS
M~y RE SZELECTED

® FACTOR

A + RY ® FACTOR

- k) & FACTOR .
(q + <11 & =2 + FRCTOR

ENTER vOUR CTHOICE

FOm A AMD B e
l=vArFOR FRACTION -
CEPRESSURE
I=LIRUID DENSITY
4='RPOP "DENSITY

 S=L1RUID TEMPERATURE

| ASUAPOR TEMFERATURE
VSLIGUID WELOCITY
Z='AFOP IYELOCITY

F=MIXTURE VELDCITY:

1=L1pUuin FLOW

ENTER SELECTIONS FOR AsEsCl:Cc2sFACTOR
([ IF NOT USED). FORMAT 1S (S1Ts 210D

SsNetloa.ol,s

ENTER ZHIFT FOR TIME AxIsy I IF NOT NEEDED

ENTER THE NUMBER OF CURVES FOR THIS FLOT
(MING=ly mMAax, =5
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ENTER 0 TO USE THESE DEFAULTZs 1 TD DESCRIEE FLDT FuULLY

. THE FOLLOWING WARIAEFLES ARE FOSSIBLE SELECTIONS

11=vAFPOR FLOW ..
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ENTER CELL MNUMEER FOP A ~ JURLE 1
0O vOL WANT MEARSURED [ATH OM THIE FLOTE

rHOW DEZZRIEE THE FHYIICAL CHARRSITERIZTICE JF THE. FLOT -

DEFAULT ZITE IZ %2 0 In wxr Ev S0 1M o
DEFAULT LAEELZ ARE MIMIMAL DEZZRIFTIOMT OF TWE S _
DEFSULT FCALIMNG UWSES MINS, &uD MALZ. EHNCOUNTERED I THE DATA

EMTER I} TO IE THEZE LEFSULTZs | TO DEFCRIEE FLOT Fullcy

EMTER THE <COMEONENMT WUMEER TO EE FLOTTED

ENTER I IZERO! TO TEPMINMNATE - THII St R -

“O HALE SELECTED THE VESSEL
ENTER 1 FOR TIME FLOTS

ENTER FOR R¥IAL FLOTE L ) B Com
ENTER FOR -RADIAL FLOTSE : S

e fu

YO HALE ZELECTED AN A=IAL FLOT.
THE FOLLOWIMG CALCULATIONE OPF CZONCERSIONE ARE
TLURPENTL Y AVAILRAELE : .

1=a & FACTOR

+ B) ¢ FROTOR
-~ E! ¢ FARZTOR
+ c1) 8 T 4 FRITOR . il o . e s e s e

ENTER YvOUR CTHOICE L

ENTER THE #~UMEER QOF CURI'ES FOR THIZ FLOT.
CMIN, =1yMAx. =S

THE FOLLOWING VARIARLES ARE FOSSIELE SELECTIONS -7
FOR “R° OR “E° : B . I
1= L1euID FRACTION : Il=pEE LT YT

Z=/AFPOA FRAZTIOM N SDEMT LI J%.
2TENTRSINED LIGUID FRACTION &~ TENT (1T
4= _IPUID FLOW CCONTIMUITY! S4=121T0T8 00

STUAFOR FLOW CCOMTINUITY! BE=EUNS S-A W SRR
STENTRAINED FLOW TIOMTINUITYD SHTCW Ty S ¥
SLIEUID FLOW LSMOMENTUM! SV=peaD iIxe N Gt r )
= aFraR FLOW (MOMENTLIMI ZE=MODE LI M. :
I=ENTRAINED FLOW (MOMEMTLIMD 29=ROD TEMFERATURE .
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“AFOR DENIITY EEEIYh gl W
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ENTER SELECTIONS FOR FrEsclscsFAcTOR

-~ I} IF MAOT USED FORMAT IS (S1Se3F100
108 O Das Dol

ENTER FIRET AND LAST AXIAL NOLE NOS. (2152

Ta s e )
ENTER CHANNELSY ROD OF GAF MUMBER FOR "&° =- cupre 1
1 ’ .
ENTER THE TIME INTERVAL LSECONDSY
AT WHICH TO PRODUCE PLOTS i
S
DO O - WANT -MEASWRED - DATA-ON -THIS FLAOTT
MO ' S - I
MOW DESCRIEE THE PHTYSICAL CHARACTERISTICS OF THE FLOT
DEFAULT ZIZE I35 HB.0 IN Cx2 Bv S.0 1M (v
DEFAULT LABELS RRE MINIMAL DESCRIFTIONS OF THE AXES
DEFAULT SCALING USES MINS. AND MAxXI. ENCOUNTERED IN THE DATA
ENTER [ TO USE THESE berﬁugrsl.lfrq,nésﬁéxns FLOT FuLLY
0 . L . , - S
ENTER THE COMPONENT NUMBER TO EE FLOTTED
ENTER I} (ZERD!} TO TERMINATE THIS RUN
vOuL HALYE TSELECTED THE VESSEL
ENTER 1 FOR TIME FLOTS -
ENTER & FOR AXIAL FLOTE
ENTER 2 FOR RADIAL FLOTS
3 v
vOUW HALE SELECTED A RALIAL FLOT OF POD TEMPERATLIRE
THE FOLLOWING CALCULATIONS OF CONVERSIONS ARE
CURRENTLY RAUVAILABRLE ) .
i=a & FAcTOR
Z=Ca + C1) & =2 + FACTOR
ENTER +OUR CHOICE . i - o .
1

ENTER 0 IF NORMAL RODs 1 IF =LAE ROD

ENTERP C1:c2 aND FACTOR () IF NOT LISED)
FORMAT I= (3F1lD

Doeuntlos
ENTER THE NUMBER OF CURWEEZ FOR THIS FLOT.
MINL=1smax, =5

2 :
ENTER ROD NUMERER — CURVE 1
1
ENTER AXIAL ELEVATION (INCHES)
150.»
ENTER ROD NUMBER — CURVE 2
1




ENTER Ax1AL ELEVATION LIMIHES!
1. e
ENMTER THZ TIME INTERLAL SELOMD:?

AT WHITH TQ ~RPADULCE FLOTE

G S
LA VOO WANT MERIURED LDATS Ot THIZ F;L_c‘rf"_ .
¥ O ' T
HOW DESCRIEE THE FHYIITAL THARRCTERIZTICS OF “TWE FLOT
DEFAULT SIZE 12 .0 IN_vwdx gy S.0 IN Gvd B
DEFANT LAEELES ARE MIMIMAL DESCRIFTIOME OF THE AXES
CDEFAULT  SCALING ~UEES MINT. AND  MAE ENTOUNTERED IN
EMTER || TD USE THESE DEFAULTEs 1 TO DESCRIEE FLOT FLLLY
- 1 v t. - - R AN

ENTER- IZTES FEIZTES MIMS XMA K YMIMS vmSx oL - a0

1ZE IZ LEMGTH OF « CHORIZONTAL?
IZE IZ LENGTH OF v (WLERTICALS
IN AHD MIN RRE MINIMUM DATE
MW SNDE TR RPE MARNIMOM DRTR RLDES

WHERE

FORMAT IS (BF100

TS S D e 25 s UL 10N0, s

ENTEPR THE MUMEER OF LAEELE (A=IAL LAEELIsTITLES*ETC.D
MAxIMUM T3 116

- THE .DaTA

vog .

FOR EACH LAPELY ENTER #“LrvL TIN INCHES ON: THE -FLOT? > 1 o 0s
ZIZE CINCHEZ HIGHYs ROTATIONM LIN DEG.Jy. AND THE LABEL

FaRMAT 1=z (dF10sd4alils T . '
LAEEL 1 : o

Tl 0a—1,0s 0,100, M AKIT LAEBEL
LHEEL C e .

Po-l.ie 1. 00, 100300y THIS IS THE vAXIS LABEL P .
ENMTER THE COMFONENT MNUMEER TO BE PLOTTED ST e h
ENTER 1 (ZEROY TO TERMINATE THIZ RUN

T

ZTOP FTN

3 LTSS TIME 17.222 secamnps .

cegs L3412 1-0= 2,120 MEMT 2LELS

ALl DLOME DR K i

21128
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) HELLD THEPE.,FFRF:N IS AT YUUP-HEF“IIE,_aji?

".THE DARTA FILE WAS. LAST WRITTEN ON BEIUBﬂES. oz 01234
THE FILE CONTAINS 19 pumpPs rFOm 1J'CQMPQNENTS
THE COMFONENTS ARE-:

HNO. TYPE TIME FIRST DATA WAS SAWED
.1 : BRERAK 13.017&

-~ & 0 PIFE e e oot

K B U pegSELT T T L .00

[T

IF YOU WISH TO ENTER OFTIONS INTERACTIVELY
ENTER (1 (ZERO!). IF YOU WANT TO USE INTERARCTIVE
DATA SAVED FROM AN EARLIER RUN (TAFE3) ENTER 1

STOP FTN
GB LTSS TIME 1.904 =zecanNDps
c N

PU= .94 1-0= 1.077 MEM= .

LL DONE

© . When .running- GRAFIX interactively, :a-file named TAPE3-is credted which -
contains-ai10§1offthefusersFinput‘resqbnsessﬁ-This“?HTE”tan be saved and used
later in ‘the "batch" mode -(as shown ‘above) to recreate the Same graphics ™
output. - GRAFIX 'is ‘extremely. easy to use. It prompts the ‘user for all data
needed, and the proper input for a given option s, in general, self-evident.

2.6.1 .Measured Data File

If measured data 1s to be 1nc1uded 1n the GRAFIX generated plots, the N
user must prepare a f11e pr1or to runn1ng GRAFIX., Th1s f11e must have a 5-
character a1phanumer1c name and it must be available for GRAFIX to read wh11e

the program is being executed. The required format for a measured data file
is shown below.



Record 1

Columns Variable : Descr1pt1on ,
1-5 NPTS  The number of po1nts of ‘measured data in the file. ‘(A"Bbint

_consists of two: va1ues t1me and data va1ue, or. locat1on and data
" value.) e SR

Record 2, 3, ...

Columns variable ** “* " "“Description

1-10, wny The x-coordinate..in data units, (not inches),
21-30, , for point I (e.g., time or axial distance)
41-50, vy

11-20,  YM(I)  The y-coordinate in data units, (not inches),
31-30, for point I (e.g., pressure or rod»temperature)
71-80 o e o S Sy

There must be four (4) pairs of measured data per record to give@aﬁtqtél of

NPTS points. (The last record may have fewer than four points, however, if
NPTS is not an even multiple of four.)

There is no limit to the number of plots that can be produced during any
GRAFIX, session. . Nor ‘is: there. any restriction. on the ‘order: in which ‘the plots .
“are produced;. axial profile plots can be .freely interspersed:with plots:-of:":
variable .versus -time.or -radial profile-plots:- It should be noted ‘that for :-
quh;axiaj or,radial:prqfi1g;pldt requested, many actual -plots may.be ...
produced, since:these- are produced at specified time intenva]s:~v

For each plot, the size of the plot, the label -information, and-the
coord1nates to be p]otted for the curves are written to 1og1ca1 unit 2 .
(TAPEZ) ' Th1s data is then sent to a m1n1-computer and p]ots are produced by

plotter




3'.0‘ ”U"s‘éR"‘s GUIDE "Té' COBRA/TRAC

Th1s sect1on is 1ntended to a1d the user 1n 1earn1ng to set up the 1nput
model for COBRA/TRAC. There are three bas1c tasks the user must perform o
1) sett1ng up the geometry data to descr1be the system, 2) spec1fy1ng the o
- fluid conditions and forc1ng funct1ons to def1ne “the - state “of the system, and

3) runn1ng "the code and 1nterpret1ng the output. T R ‘

1 The f1rst two tasks are covered 1n Sect1ons 3 1 through 3 5 The 1nput
v\for the VESSEL component 1s d1scussed 1n deta11 1n Sect1ons 3 1 through 3. 4.
Sect1on 3 1 covers the VESSEL geometry 1nput data Sect1on 3. 2 the 1nput for
the conduct1on modeT Sect1on 3 3 the boundary and 1n1t1a1 cond1t1ons for the
VESSEL component and Sect1on 3 4 the var1ous output opt1ons ‘ The 1nput ‘:E
required for the one d1mens1ona1 components 1s d1scussed 1n Sect1on 3.5. The
;'1nformat1on presented 1n these subsect1ons 1s 1ntended to explain, amp11fy and
E:McTar1fy the 11ne by 11ne 1nput for the components, as 11sted 1n Sect1on 2

‘The th1rd task 1nvoTves such endeavors as caTcuTatIng the steady state
1n1t1a1 cond1t1ons for the system, us1ng the dump/restart feature to run the
ca]culat1on 1n a ser1es of steps and runn1ng the graph1cs postprocessor
program to 1nterpret the caTcuTat1onaT resuTts. Sect1ons 3 6 through 3 8 are
devoted to exp1a1n1ng procedures for uS1ng these capab1]1t1es '

‘3.1 COBRA/TRAC VESSEL COMPONENT GEOMETRY MODEL

The VESSEL component can be used to modeT fTow in aTmost any vert1ca1
one-, two- or three- d1mens1ona1 component. The exceptions are components such
as pumps or pressurizers that have special boundary conditions not included in
the VESSEL module. (These components can be modeled with one-dimensional PUMP
or PRIZER components.) In addition, the problem must be amenable to solution
by the semi-implicit numerical algorithm used in the VESSEL component

A1l geometries modeled using a VESSEL component are represented as a
matrix of Eulerian mesh cells. The number of mesh cells used depends on the
degree of detail required to resolve the flow field, the phenomena being
modeled, and practical restrictions such as computing costs and core storage
limitations. In two-phase flow, the mesh cell should be large compared to the

3.1



characteristic size of the two- phase fTow pattern._ For example, the mesh cell
size should be large relative to the bubbTe size so that the averaged
quant1t1es (bubb]e s1ze drag, etc ) used 1n the ca]culat1on w111 be valid.

In s1ug or f11m flow, the mesh ceTT s1ze shou]d be on the order of the
hydrau11c d1ameter or Targer s1nce the phys1ca1 mode]s for these f10w regimes
are based on the phys1ca1 d1mens1ons of the fTow path.:“” '

The equat1ons for the flow field.iin the VESSEL are solved using a,
staggered. d1fference scheme on the Eulerian mesh. The veToc1ties are obtained
at mesh ce11 faces and the state var1ab1es (e g., pressure, density, enthany
and phas1c voTume fract1ons) are obtaxned at the ceTl center. The mesh cell,
1s character1zed by, cross sect1ona1 area A he1ght Ax and the w1dth of the )
connect1ons to adJacent mesh ceTTs, S. The ba51c mesh ceTT is shown in e
F1gure 3 1.“ Th1s ceTT 1s the control volume for the scaTar cont1nu1ty and
Wenergy equat1ons. The momentum equat1ons are soTved on a staggered mesh with
‘the momentum ceT] centered on the scaTar ceTT face. The momentum ceTT for
vert1ca1 ve10c1t1es 1s shown in F1gure 3 2 and that for transverse veTocitxes

BEEEVNEY .‘w-, g

in F1gure 3. 3. o

3\

The vesseT 1nput has been constructed to aTTow the user a great deal of
fTex1b111ty in def1n1ng the mesh for the 1rregu1ar geometr1es typical of '
reactor vessel 1nterna15.w The mesh ceTTs are def1ned by 1nput 1n terms of
channels. A channel is s1mp1y a vert1ca1 stack of mesh ce]Ts, as 111ustrated
in Figure 3.4. A channel may represent a, subchannel between four”fueT rods,
lumped region of the core, a segment of the downcomer oF “any other uert1ca1

' f]ow path appropr1ate to the geometry be1ng modeTed RS
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Boundary data for each channel are stored in phantom nodes at its top and
bottom. Between these two phantom nodes are NDX nodes that actua]]y enter
into the calculation. Node J = 1 contains. boundary cond1t1ons for the bottom
of the channel, and node J = NDX + 2 conta1ns boundary cond1ttons for the top o
of the channel. Boundaries between mesh cells are 1dent1f1e;:_niFigure 3.4°
..with . the.lower case .j .and refer to the 1ocat1on of the momentum ce]] center;
- where velocities are obtained. The ve]oc1ty correspond1ng to’ J =" 1is at the
top of the continuity mesh cell corresponding to J = 1.

Nominal flow area and wetted perimeter are specified for each channel by
input. Each mesh cell within the channel is assumed to havebthe nominal
geometry unless the user specifies a variation for area‘or_wetted perimeter.
The. -mesh for a'particu1ar region of the vessel is developed by placing a
suff1c1ent number of channels in the reg1on to model the geometry and the

1mportant f]ow phenomena of the reg1on Transverse connections are specified
between the channe1s to. c | ¢ "'1t1d1mens1ona1 mesh for the region.
These transverse connect1onﬁ‘are refe,red to as gaps. Gaps are’ defined by the
w1dth of the f1ow path between the two channels and the d1stance between the
channel centers. The width of the gap between channels is assumed to be
uniform_along the total length of the channels unless an axialviariation of

the gap is specified. The centroid distance is. a]ways equa] to the nominal

Examp]es of reactor vessel reg1ons formed by spe fy1ng channels and
interchannel connect1ons (gaps) are shown in F1gure 3.M:' A UHI -equipped PWR

is used in these examples ‘for’ 111ustrat1ve purpose fThe core region, shown
in Figure 3.5a, is mode1ed with, square channels connected on a: rectangular
grid. The rectangu]ar gr1d is” appropr1ate for th1s reg1on s1nce the fuel rods
are arranged in a_ rectangu]ar array .-0nly nine- channels ‘are used in this case
to model the core “Any - number of channe]s can be used: to model a region, from
a single channel (one d1mensiona1) representat1on up to as many channels as
computer storage will a11ow._ The appropriate number for any given problem
depends on the nature of the prob]em and-the’ degree of detail the f1ow

phenomena require.



3.6

Core Region

FIGURE 3.5(a).



The downcomer region, shown in Figure 3.5b, is modeled with a two-
dimensional mesh in an annular ring of eight channels. The core bypass region
is modeled similarly, as shown in Figure 3.5c. The mesh for the Tower plenum,
shown in Figure 3.5d, illustrates the use of the: var1at1ons in’ channel f1ow ,
area and gap width to model the curvature of the bottom of the pressure . i

.vessel. The model consists of nine channe]s w1th ax1a11y vary1ng mesh cel]s

consists of nine large channels modeling the open f1ow area'of the p1enum and
eighteen smaller channels modeling the flow in guide tubes and support
columns. This demonstrates the combination of the three- d1mens1ona1 mesh with
a local mesh to model important flow paths that are sma]]er'than the regular
mesh. A rectangu]ar mesh s1m11ar to that -used in the core - reg1on is used to

_ represent the open f]ow area in the upper plenum. Two sma11er}channe1s within
ﬁeach of the rectangu]ar channe1s model the flow paths through the support

. o]umns and- gu1de tubes w1th1n the reg1on. ‘Flow paths between gu1de tubes and
':fthe Open p1enum are modeled by transverse connect1ons between the guide tube

;and upper p1enum channe]s.'_The support co]umns are modeled as isolated
ﬁlchanne1s with no-trans he channe]s of the upper plenum.

The upper head reg1on,“ hown: in_ F1gure 3 5f, is mode]ed 1n the same way
i;as the upper plenum except, ‘that on1y guide tube channels are spec1f1ed within
the channe]. In addition,’ small channe]s are spec1f1ed in four of the outer
-gchannels to represent the.. Jet formed. by f]ow‘fromithe four UHIL 1n3ect1on
‘Anozz1es.' The curved top of the upper p1enum can be' ode]ed by channe1 area

var1at1ons in the same way as for the 1ower p1enu

The meshs developed for each reg1on of the vesse1 are connected to form a
complete mode1 for: the. reactor vessel. Al reg1ons com osed of channels of
the same vert1ca1 length and beg1nn1ng at the, same T

n?the vessel are
amp e' the core, core
bypass region, and downcomer a11 occupy the same 1eve1, so the channels

grouped together and -referred to as a- sect1on For

modeling them form one sect1on of the vessel Th1s is illustrated in

Figure 3.6. If small leakage flow paths exist between any two regions within
a section, such as between the downcomer and core bypass region, these leakage
paths can be modeled by specifying transverse connections between channels in

3.7
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Downcomer Region

FIGURE 3.5(b).



Core Bypass Region

FIGURE 3.5(c).

3.9
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Lower Plenum Region

FIGURE 3.5(d).




Upper Plenum Region

).

FIGURE 3.5(e
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Upper Head Region

FIGURE 3.5(f).



Core Section (Composed of Core Region, Core Bypass Region, and Downcomer Region)

FIGURE 3.6.



the two regions. Other sections of the vessel are formed in the same way.
The upper plenum and upper part of the downcomer form a section, as do the top
of the downcomer and the lower portion of the upper head.

When all sections of the vessel have been def1ned the»sect1ons are e
joined together to form the complete vesseT mesh by spec1fy1ng—connect1ons to L
the channels in adjacent sections at the top,and bottom of eac channeT Th1s&;

~is illustrated in Figure 3.7. The ab111ty‘to’connect onego »more hanneTS’to o

the top or bottom of a channel is referred to as “channél - spT1tt1ng. “Each
channel and gap in the problem is assigned a unique 1dent1f3cat1on number by
the input, and these channel numbers are used to identify the connections at
the top and bottom of each channel. Connections are not specified for
channeTs w1thout a phys1ca1 fTow path at the inlet or outTet. The upper

channETsf E“adJacent action are spec1f1ed by input.

Transverse connect1ons between channeTs are_not. spec1f1ed unTess a
physical flow path ex1sts between the reglons represented by the channeTs.
This is very usefuT 1n mode11ng the compTeX'”esseT geometry but aTso makes it
poss1b1e to mpde] more than one. vert1ca1 component w1th a s1ngTe VESSEL. One
group of channeTs can represent the reactor vesse], and another ‘group,
unconnected to the f1rst can mode]l part or aTT of some.other vert1ca1
component of the system such as a steam generator.; i, .

Fuel rod simulators, nuclear fuel rods and ‘the so]1d structures within
the vessel component can be modeled us1ng the rod and unheated conductor

model. Heat transfer through solid structures, therma] storage dur1ng a

transient, and quench1ng of a hot dry surface can be caTcuTated by the
conduction modeT for ‘the vesseT component. The user has a. great deal of
flexibility in: mode11ng the geometr1es of the soT1d structures in the
system. They can be represented -as cy11ndrlcal rods, hollow tubes or flat
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walls composed of any number of different mater1aTs w1th spec1f1ed thermal
properties. : [ =4

To summarize, the basic building bTock for the vessel mesh is the -
channel; that is, a vertical stack of single mesh ceTTs., SeveraT channels can
be connected'together by gaps to model a reg1on of the reactor vesseT
‘ py the same level form a sect1on of the vesseT. VesseT

channe] connec ons'between sect1ons. Heat transfer surfaces and soT1d

1ption, thefcapa3i11ty of the code extends beyond that of mode11ng UHI
pTants. The geometry of other types of Psz as. weTT as BWRs can- be modeled as
vread11y. Se ra]_examp]es of systems that have been modeled . us1ng the vessel
component » e fn)VoTume 4 of this manuaT COBRA/TRAC DeveTopment
Assessme :and'Data Comparrsons. : : s .

desc

,A

. {.‘ “

: wh1 e this. method'f def1n1ng the vesseT mesh 1s very versat11e, it also
places- a burden on the us The, channeT geometr1es and 1nterchanne1 ‘
conn{ctions must be spec1f1ed by xnput in “some detaiT The user must :
understand the mode11ng process and convent1ons 1n the VESSEL component weTT
enougtzto define correctTy the input for his. probTem .The .vessel.input will

be eas1er to, foTTow 1f the user -first organizes ‘the system he w1shes to model
with. the VESSEL component 1nto channels, gaps, sect1ons and. heat transfer
surfaces as 111ustrated for the UHI vessel. A detaxTed d1agram of the system
is an: 1nd1spensab1e a1d 1n this process. )

The VESSEL component input 1s d1v1ded 1nto groups, each of wh1ch fqu1TTs
some Tog1ca1 requ1rement of the vesseT input stream. The geometry of: the:
VESSEL mesh 1s .specified in groups 2, 3, 4, 5, 6 and. 7; group 2. descr1bes .the
channeTs, group 3 the gaps and group 4 the sect1ons. Groups 5, 6 and 7 are

optional and can be used to specify axial var1at1ons in the geometry and local
form drag loss coefficients. '
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3.1.1 Group 2: Channel Input Data

The 1nput for group 2 tel]s the code how many channe]s the VESSEL e
component compr1ses and descr1bes the nom1na1 geometry of each channel. . .Each .
channel is un1que1y 1dent1f1ed by an 1ndex number I, f1ow area AN(I) and
wetted per1meter PN(I), supp11ed on card VESSEL2 2.4 The.. channe] B .
1dent1f1cat1on numbers are comp]ete]y arb1trary, and a]though it 1s usua11y
most conven1ent to number them sequent1a11y, the user. 1s not requ1red to do
sO. The on]y constra1nt on channe1 numbers is that they must be unique. The
total number of channe]s 1nput w1th card VESSEL2 2 must be NCHANL the value
of which is spec1f1ed on card VESSEL2 1

The var1ab1es ABOT- and ATOP are: prov1ded -as optiona] input: to -model- the
area at the top and bottom of .the channel for the momentum equation
solution. - ABOT and. ATOP .default to the nominal flow area, AN(I), -and in most:
cases.this‘will be sufficient. - But -when section boundaries are .located at
oriﬁice plates, flow. distribution. plates or other sudden-changes-in-the:- "= =~ =~
geoﬁ%tryvof.the system, ABOT-and ATOP-can be used to sUpp1y'the:correct area -
atithefbottomhor@top.of_the channe}_forsthe;momentum‘solution.f Nonzero values
input for ABOT and .ATOP rep]ace the nominal channel area at those-locations.

“1f the vertical velocities for a channe] can convect' transverse momentum
between sections,. the location.of those ve10c1t1es must be specified by the
user. . The user must realize. that there can be no.defaults for this input,. -
“since the channel numbering and :interchannel connections at section boundaries
- are..completely -arbitrary.. If-this -input is not provided,- transverse -momentum .
will accumulate in the affected cells of channel-1 at the section boundaries, .
causing errors in. the pressure.solution. - The number of -gaps. for which -
channel..l convects transverse momentum between sections is-specified as the . :
variable NAMGAP. on card VESSEL2.2. . . - ey

=The connections for vertical convect1on of transverse momentum across the
section boundary by a given channel 1 are spec1f1ed on ‘card VESSEL2.3." The "
connections are defined by the node number (INODE(I,N)) of the vertical’ s
velocity convecting momentum, and the index numbers.of the gaps, above- and
below. the section boundary, whose momentum is convected:- (The-node numbering -
convention used in the VESSEL component of COBRA/TRAC is illustrated in
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Figure 3.8.) The centers of the scalar mesh ce1ls are ;identified by d=1,
etc., and the centers of the momentum cells are 1dent1f1ed by J =1, etc)

The node number INODE(I,N) will be 1 for the channe] ve1oc1ty at the bottom
boundary of the sect1on, or NONODE+1 for the channel ve]oc1ty at the top 6%*‘
the section. KGAPB(I, N) is the gap number on the 1ower side of the sectlonf\
boundary, and KGAPA(I N) 1s the gap number on the upper side of the section
“boundary. If flow.is. pos1t1ve ‘the’ vert1ca1 ve]ocity of channe1 1 convects'

. transverse momentum from KGAPB to KGAPA If the f]ow reverses, momentum is
convected from KGAPA to KGAPB. Th1s 1nput 1s falrly obvious for cases where
there is a gap both above ‘and below the sect1on boundary. But even if one or
the other is nonexistent this input must be prov1ded to tell the code how to'
dissipate - transverse momentum that is’ transported out of a gap across a
section boundary. If there is-a gap below, but-'no‘gap ‘above the - section -
boundary, KGAPA is entered as zero, and momentum convected out of KGAPB is-
considered dissipated. Similarly,:if there is a gap above, but no gap below,
KGAPB is entered. as zero. : Reverse flow convects momentum out of KGAPA, which
is considered dissipated. The area through which momentum is convected is ;
calculated in the codetantheuminimum*of~SkLE/2*for KGAPA and KGAPB, and the -
flow area of channel I. A channel” can convect transversé momentum to or from
several gaps at the top..and/or bottom of the section. |

~In defining the input for card VESSEL2.3, ‘the user must understand how
the momentum equation is ‘'solved at'section boundaries, to determine if the
vertical velocity will be solved in channel I at that section boundary. It
- does not-do any-'good ‘to-specify ‘the NAMGAP connections for'thannels‘that”are’ :
not: solved at the section boundary, and converse]y, they must be spec1f1ed for
those that are. Regardless of the geometry be1ng modeled, there are three
basic ‘patterns for channel splitting connections. These 'are: 1) one channel -
below connected to one channel above, 2) one channel below connected ‘to many
channels above, and 3) multiple channels.below connected.to. a-single channel
above.. Figure 3.9 demonstrates these three patterns and shows the locations -
of the momentum cells solved at the boundary. | |

Transverse .momentum convect1on input data’ is requ1red only for channels
wheré the momentum equation will be solved at the:section boaudur', ard ttc
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velocities so obtained can convect transverse momentum from or to adjacent
gaps. The momentum equation is so]ved at the top of channel 1 for case (a) in
Figure 3.9 and is not solved at the bottom of channel 2. The momentum
equation is solved at the bottom of channels 2, 3 and 4 in case (b), and at
the top of channels 1, 2 and 3 in case (c).

The possible channel and gap configurations at_section boundaries are
outlined in Figure 3.10. The case where two channels below the section
boundary connect to two channels above the:section boundary with no change in
the number of mesh cells between sections is illustrated in Figure 3.10a. The
vertical momentum equation is solved in the top nodes of channels 1 and 2 to
obtain vertical velocities at the section boundary. .The velocity of channel 1
convects. transverse-momentum from the left side-of the transverse momentum
cell for gap 1 to the left side of fhe(transversegmomentum cell for gap 2.
Similarly, the velocity of channel 2 convects momentum from the right side of
the momentum cell for gap 1 to the r1ght s1de of ‘the momentum. cel] for
gap 2. In this examp1e the 1nput for card VESSELZ 3 would be supplied for
both channel 1 and channel 2, with INODE(1,1) and INODE(2,1) equal to the
index number of the top node in ‘channels 1 and 2, KGAPB(1,1) and KGAPB(2,1)
equal to 1 and KGAPA(1, 1) and: KGAPA(Z 1) equa] to 2. . The _user might be
tempted to repeat this 1nput for channels 3 and 4 at INODE(I 1) = 1, but since
the vertical momentum equat1on is not solved at node 1 in channe]s 3 and 4,
the redundant 1nput is incorrect.

For the case shown in Figure 3.10b there is :no gap on the top side of the
section boundary, so the vertical velocities at the top of channels 1 and 2
convect momentum out of gap 1, but the momentum.is‘assumed to be dissipated
since there is no transverse momentun ce11 to rece1ve it. In this case
KGAPB(1,1) and KGAPB(2, 1) are,. set to 1, and KGAPA(I 1) and KGAPA(2,1) are set
to O.

If a gap exists both above and below the section boundary as in
Figure 3.10a, but there is a flow straightener (such as a core support plate)
at the section boundary, then the transverse momentum can be dissipated by
specifying two .connections for each channel,jone for positive flow and.the
other for negative flow. Positive flow convects momentum from gap 1 and
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_d1ss1pates 1t SO KGAPB(l 1) and KGAPB(Z 1) are spec1f1ed as-1, KGAPA(l 1) and
;KGAPA(Z 1) as O.. Negative. f1ow convects momentum from gap 2°and.- d1ss1pates
it, so KGAPB(l 2).and KGAPB(2,2) are specified as 0, and:KGAPA(1; 2) .and. -
“KGAPA(Z 2) as 2.

If momentum is convected-by-a vertical velocity from one gap on one side
-~of;the,section-bqundaryxtofseyera1ngapseonutheaothenTsidem(variab1e,mesh),
then“trensverse momentum convection connections must be specified  for each
gap{, Tne_momentum taken_from_the.single -gap is apportioned among -the
connecting gaps by the relative size.of the areas through which..the momentum
is convected. |

"‘As part of the descr1pt1on ‘of the phy51ca1 geometry of ‘the’ VESSEL the‘t
group 2 input data describes the channel connect1ons 'to rods and° unheated '
conductors for heat transfer’ between the fluid and solid surfaces. The input
supplied on card VESSEL2.4 must be consistent with ‘thé data'fOrlthe”Feds:and
unheated ‘conductors -supplied in group 8. (See “Section 3.2.) " A1l rods and
unheated ‘conductors must be connécted to at Teast one channel, but not all
channels need to be connected to-a rod or urheated conductor.” NCHANR is the
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nunber of thermal connections between channe]s and rods or. unheated conductors
(NCHANR < NCHANL). For a given channel 1, the LR(I L) array conta1ns the
1ndex numbers of the rods that connect to channe] I, The LS(I L) array '
contains the index numbers of the unheated conductors connected to .

channe] I. If channe1 I connects to the 1ns1de surface of a.rod (or unheated
conductor), the 1ndex number of "the rod (or unheated conductor) is spec1fied
--as -its- negat1ve.‘ 0n1y one channel can be connected to the inside or outs1de
surface: of a g1ven “rod or unheated conductor w1th1n a given sect1on.ji

3.1 2 Group 3 Transverse Channe1 Connection~Data,

The 1nput for group 3 describes the transverse connect1ons between

‘ adJacent flow channels. These connections are referred to as gaps and reflect
“the or1g1na1,concept1on of a gap in subchannel analysis as the lateral flow
path between two fuel rods. In the COBRA/TRAC vessel model, the gap input
data define the.contro1,Vo]ume_for;the transverse -momentum equation, on:either
a subchannel analysis basis or for a three-dimensional analysis of the
transverse flow. The input for the gaps falls into five main categories--the
.geometry input.describing the gap and° 1dent1fy1ng its’ connecting channe1s “the
friction loss”and. form drag coefficients for' f]oQMthrough the gap; descr1pt1on
of the wvertical“Connections between gaps across: section boundar1es data’
describing the optional three-dimensional layout of the gap; and spec1a1 1nput

to describe gaps between channels modeling large regions. of the vessel.’

.. The-geometry -data ‘for-—each -gap-is‘read -on-card ‘VESSEL3.2. “Each gap 1s ’
identifiedfbyéa‘unique:number,‘K. ‘Gap K connects -channel “TK(K) to- channel
JK(K). By convention, IK(K) is the:lower-numbered channe] of the pa1r JK(K)
the higher ‘numbered, and crossflow from ‘gap IK(K) to JK(K) is def1ned to be
positive. Flow the other way is negative. The nominal gap width is spec1f1ed
as GAPN(K), -and the distance.between the centers. of ‘the-connecting channels is
LENGTH(K). These variables define .the width and 1ength-of thevtransverse;vz3
momentum mesh cell. The flow area .between. the connecting channels is ‘given by
the product of the gap width.and the -vertical length increment for the mesh, -
AX. . (This flow area is computed in the code from the input data.) The gap
width, GAPN(K), is equal to the total width for transverse flow.between the:
two adjacent regions modeled by channels IK(K) and JK(K)..
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Form and wall drag in gap K:is-specified for the transverse‘momentum
equations using.the -parameters WKR(K) and FWALL{K). WKR(K) is the form drag
loss -coefficient-(velocity .head). and is specified by: the user. The ‘value of
WKR(K). for a:.gap depends on.the geometry ‘of the flow path modeled‘byfthe'7
gap. - A value of .0.5 is typically used for flow across one row of rods or
tubes. - For .lumped- channels, ‘this.value is: mu]t1p11ed by the number-of rod
rows the gap. momentum cell contains. s S CIRE

Wall fr1ct1on in the gap is ord1nar11y 1nc1uded in the WKR parameter but
for. gaps that are formed by vessel wa]ls rather than rod arrays (as in, the 5
"‘downcomer annu]us, for example) ‘the pressure loss 1n the gap is pr1mar11y a
friction loss rather than a form loss and should be modeled accordingly. wa11
friction factors:in-a-gap are computed .internally in the code according to the
“user-specified value: of the FWALL(K) parameter. ~If FWALL(K) is zero, no wall
friction is calculated. : If FWALL(K) is set equal to- 0.5, a wall with a°
5,surface area.of AX*LENGTH(K) is-assumed (i.e.; one side of the’ control ‘volume
is a solid wall). _Aswall surface-area of 2*(AX*LENGTH(K)) {i.e.;7a wall on
eaohfs1de of the control volume), is assumed if FWALL(K) is set equal to
1. 0.; Both a form loss and wall friction factor can be specified for a~gap,.or
one : or the other can be set to zero, erend1ng on the geometry of the
prob1em Both can-be set" to zero if the gap ‘is: “in"an’ open fluid region where
the fluid-fluid shear w1th1n.the continuous - phase adequately models the
transverse drag forces.’ s |

The input required to descr1be transverse convect1on of vert1ca1 momentum
between gaps. across sect1on boundar1es emp]oys the same sort of reason1ng as
does the input:in-group 2. to descr1be the vert1ca1 convect1on of transverse
momentum across sect1onwboundar1es, The useramust spec1fy wh1ch transverse
gap velocities can transport vertiéal momentum into or out of the channels
associated with gap K at the-top and4bottom7of the section. The transverse
velocity of gap IGAPB(K) (at node NONODE+1 in the sect1on below) can convect
vertical momentum into or out of the bottom cell’ of the channels associated
with gap K. The transverse velocity of IGAPA(K) (at node 2 in the section
above) can convect vertical momentum into or out of the top cell of the
channels associated with gap K.
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- ~Transverse convection of vertical -momentum at a section boundary is
illustrated for a specific case in Figure-3.11.: In this example, vertical
momentum is convected -between the -two vertical mesh cells by the ‘transverse
velocity of gap 1 below the section boundary, and by .the _transverse velocity
ofvgap‘Z;aQOVewthe,sectjonﬁboundery: "The input ‘for IGAPA(K) identifies the
gap- in .the -section- above ‘gap:-K :that convects vertical -momeéntum between the
__vertical momentum mesh cells associated with ‘the top of:gap  K;*in"the example
-~ -shown .in- F1gure 3 11, IGAPA(I) , - 1GAPB(K), 1dent1f1es the gap .in the
momentum mesh ce11s assoc1ated with the bottom of gap K. IGAPB(Z) 1 in our
example. ot

The rema1nder of the 1nput on:card: VESSEL3.2 is required only for the

. three-dimesional form.of the transverse momentum equation. If the subchannel
formulation is desired for a particular problem, this input is omitted.: It is
‘used.to-define consistent transverse flow- directions: for the globalicbbidinate
system, and to:set.up:connections: for orthogonal- transport of ‘momentum. -
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The normal crossflow sign convention is not always congruent with a
global coordinate system. The user can convert the local transverse flow sign
convention to an appropriate g1oogl'system”5y specifying the variable
FACTOR(K) (the tenth variab1e~oh”card VESSEL3.2) to.indicate the orientation
of gap K in the global coordinate system. Figure. 3’12 gives two examples of
how FACTOR can be used. - Example (a) shows an annular channe1 arrangement
typically used. in .the downcomer.“ The annu]ar flow channels are in effect two
dimensional, so it. 1s only necessary to def1ne a transverse d1rect1on that is
consistently pos1t1ve. ‘The norma1 convent1on for def1n1ng p031t1ve crossflow
results in crossflow’ from channel 1- to 2 and from channe1 1 to 4 both be1ng
positive. Assuming that the clockw1se d1rect1on 1s chosen as pos1t1ve for the
global coordinate system, if flow from IK(K) to JK(K) is clockwise, then
FACTOR(K) is set to 1.0,_ If flow from IK(K) o JK(K) is counterc]ockw1se the
sign convention must be reversed by -setting FACTOR(K) to -1. 0. (of course,
the user may choose counterc]ockwise as the positive d1rect1on, if he
w1shes The important thing is to be cons1stent ) In.thiswexample_;FACTOR(Z)
is'set to -1.0. T e

A three-dimensional channel array is shown in example (b) in
Figure 3.12. For this case, the values for FACTOR(K) must correspond to the
actual orientation of the velocity vector in the gap on the global coordinate
system. The .arrows in the gaps. 1ndicate the pos1t've crossflow direction
defined by the normal convent1on. For gaps 1, 3¢ Gfand 7, this is the same as
~the global~ coord1nates, SO FACTOR(l), FACTOR(3), FACTOR(G) and FACTOR(7) are
1.0 for this case.  But the p051t1ve f1ow direction in gaps 2, 4 and 5 is
exactly opposite of the global convent1on, s0 FACTOR(Z), FACTOR(4), and
FACTOR(5) must be spec1f1ed as -1.0 to reverse the s1gn on the crossflow
velocity. : ’

For the three-dimensionaj form of the transcerse momentum equation, the
user must identify the gaps facing a given gap K. This information is
required in the code to calculate the normal components (szA) of transverse
momentum. The arrays IGAP(K,N) and JGAP(K,N) on card VESSEL3.2 are used to
supply this data. The IGAP array holds the identification numbers of up to
three gaps on the IK (or lower-numbered channel) side of gap K, and the array
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JGAP holds the 1dent1f1cat1on numbers of up to three gaps on the K (or
higher-numbered channel) side of gap K. This is 111ustrated in F1gure 3. 13.
In this example, gap 4 cofinécts ‘channel I to channel 2, with the convent1ona1
positive flow direction shown by the arrow. Gaps 1 and 3 face the IK side of
gap 4, and gaps 5 and 7 face the JK side. In the example, IGAP(4,1) =1

- IGAP(4,2) = 3, JGAP(4,1) = 5, and JGAP(4, 2)

~Card VESSEL3.3 must be read for- each gap, f011ow1ng card VESSEL3 2. This
input is designed to model gaps between channe]s that mode] large regions in
the vessel. The nominal gap w1dth GAPN(K) (supp11ed on card VESSEL3.2), is
the total w1dth for crossflow between the two channe]s The character1st1c
width for two-phase flow through the gap, however, is the d1stance between the
phys1ca1 structures and not necessarlly the total w1dth of the connect1on J
between mesh cells. The parameter GMULT(K), 1nput on card VESSEL3 3, is the
number of uniform spaces between structures in the reg1on modeled by the
gap. The characteristic dimension for two- phase flow is g1ven by o

v GAPN(K) S
S = TMULTTRT | (3.1)
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The dimension S' determines-the maximum bubble size that can pass between
structures. If GAPN(K) is the actual width available for flow, GMULT(K) is
one. EOR .. . EADEES e e Eae R R T AT

ETANR(K), which 1is. also read on card VESSEL3 3, is—~the’ fraction of
transverse drop]et flow de- entra1ned on structures within’ the mesh cell. In a
reactor vesse1 or test section the array of rods in the core and.. -support
columns and guide tubes in the upper p1enun can contr1bute s1gn1f1cant1y to
de-entrainment of droplets from the transverse component of ‘the flow. The
correlation suggested by Dallman and-K1rchner-for~the de-entrainment fraction
for flow across tube banks is recommended unless the user has an
experimentally determined value for h1s part1cu1ar -geometry. The de-
entrainment fraction, ETANR(K), for a gap mode11ng an array of tubes is

: ETANR( K) = ].t - ( 1 .- ‘n‘.R.)N oo el ( 3.2 )
where “Rm= de- entra1nment fract1on of a s1ng\e row of tubes L
number of rows of tubes ’ ' S

”"'_N

I

eThe de entra1nment fract1on of a s1ng1e row.. of tubes is -

R ) SR e E éyfu“ rc;fnel . x‘.’ a'" s.
"“R:f ﬂI.(1,+‘4-5'B );4 PG SR :h *(3-3)
where n, = 0.19 for cy11ndr1ca1 tubes |
| s 0.27 for square tubes %‘
8=

: p1tch -to- d1ameter rat1o of the array

(Volume 1 of th1s manua] conta1ns a comp]ete d1scu551on of the mode] )
ETANR(K) can be used to mode1 the crossf]ow de entra1nment rate for geometrleS'
other than tube banks and rod bundles but the user must determ1ne the
appropr1ate va1ue for each partlcular app11cat1on.

The final 1nput lines for group.-3 (cards VESSEL3. 4 and- VESSEL3.5) are.
required only for the three-dimensional form of the transverse momentum
equation. The total number of gaps that convect orthogonal transverse

Py
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momentum is specified as the NLMGAP parameter1on'eard VESSEL3.4. The velocity
of the gap identified in KGAPL(N) convects transverse momentum from KGAP3(N)
to KGAP2(N) if the velocity is positive and. from KGAP2(N) to KGAP3(N) if
negative. This is illustrated in F1gure 3 14. In”this example the velocity
of gap 1 convects momentum from the Teft half of ‘the. momentum mesh cell for
gap 4 to the left half for gap- 2. The ve1oc1ty of gap "3 convects momentum
from the right half of the cell for gap 4 to the rlght ‘half of gap 2. (Gaps 2
and 4 also convect momentum from gap 1 to. gap 2 ) In this examp]e,

KGAP1(1) = 1 KGAP2(1) = 2, KGAP3(1) 4, KGAPl(Z) 3, KGAP2(2) = 2, and
KGAP3(2) . Y (Also KGAP1(3) "2, KGAP2(3) - 3, KGAP3(3) -1, KGAP1(4) =
KGAP2(4) =-3; and KGAP3(4) 1).

~Examples of transverse flow connect1ons typ1ca11y encountered in the mesh
for a reactor vessel are shown in Figure 3.5. The gap between the local mesh
for a guide tube and the surrounding global mesh cell, as shown in Figure 3.5e
is;afspecial,caseﬂandbmegits some . addi tional discussion.ggSugh relatively
small meshes are used to obtain local detail of important flow paths while
still maintaining the larger, more economical global mesh size. - Local meshes
within a relatively larger global mesh represent a compromise in-'that some of
the local -details of the flow and some of ‘the accuracy (relative -to that
obtainable with a global mesh size on the order of the:local-mesh) is lost.
But in most cases a g]oba] mesh sma]] enough to reso]ve flow details is
proh1b1t1ve in both computat1on time and storage requ1rements. A reasonable
pred1ct1on of 1oca1 f1ow phenomena can be ach1eved us1ng the large g1oba1 mesh
w1th a 1oca1 mesh spec1f1ed w1th1n it.. ' "

In general; the convection-of transverse momentum by transverse '
velocities in the gap between .the local and:global mesh cells is neglected.-
The transverse flow between the local mesh and global -mesh is assumed to-be
:ax1symmetr1c.u The shape of the transverse momentum mesh cell is idealized and
requires the user's Judgement in se]ect1ng values for the gap width and.
length. The gap width should be chosen such that the product of the gap width
and the vertical mesh 1ength ncrement is equal to the phys1ca1 area for the
flow path between the Jocal ‘and g1oba1 mesh cells. The shape ‘of the momentum
mesn ce|1 is aSSumed rectangu1a| rd jts e .gt. suou1d be e"nsen to g1ve a,'
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~RANSVERSE MOMENTUM.
" MESH CELLS FOR GAPS

FIGURE 3. 14 Convection of Transverse Momentum by an’ 0rthogona1 Transverse
sVelocity. ot T Tinan Tes ’ o meen _ .

physically. meaningful time constant for -accelerating flow -through the gap. A
distance equal to the diameter of the local mesh-is recommended for the’
centroid d1stance (LENGTH(K).) s : RTI : :

The local mesh may represent several flow paths that have been” 1umped
together " The local mesh for a gu1de tube for examp]e, represents the 1
“several gu1de ‘tubes occupy1ng the reglon of the upper p]enum mode]ed by the
global mesh cell. In such cases the gap w1dth should be the sum for all the
guide tubes;-and the centroid length:should be the ‘diameter of a:-single guide
tube, with the flow-area:and wetted" per1meter ‘of--the .local: mesh channel equal
to the sum_of all the guide tubes. - '

“'Local meshes that" represent the paths of f1u1d Jets shou]d have geometry
values that represent the 1ength sca1es of the Jet. co

_ Sett1ng up the gap geometry data 1s re1at1ve1y s1mp1e even. for pecu]iar
geometries if the user bears in m1nd that GAPN(K) and LENGTH(K) define the
transverse contro1 votume. for the gap. . The size and shape of this control .
. volume should bear some logical resemblance to the,phys1ca1 structure being
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modeled, within the constra1nts of the nodlng phllosophy used 1n the code k
The control volume is" 1mportant not. only for def1n1ng the locat1on and '
magnitude of ‘the transverse flow, but also for determ1n1ng vert1cal transport
of transverse momentum through the top and bottom surfaces of the control |
volume. Both aspects of the momentum solut1on must be cons1dered 1n def1n1ng
- the gap width and centr01d length ' R o

3 1 3 Group 4 Sectlon Data

The 1nput data for group 4 describes*the vertical channel connections
between sect1ons and def1nes the rebalanc1ng and simultaneous solut1on group
opt1ons The 1nput data descr1b1ng each sectlon s read on card _VESSEL4.2.

It cons1sts of the sect1on number (ISEC), the number of, channels (ICHN) in the
section, the number of vert1cal nodes (NONODE) Jn the sectlon and the vertical
node length (DXS) in the sect1on The sect1on boundar1es are un1form at a
g1ven vert1cal level, S0 all channels w1th1n a sectlon have the same total
'length. The vert1cal node length DXS 1n a sect1on def1nes the length of both
the cont1nu1ty and momentum control volumes DXS 1s constant w1th1n a I
itsect1on, s0 the total vert1cal he1ght of a sect1on 1s DXS*NONODE. DXS can
’”vary between sect1ons, and each sect1on may have one or many vert1cal nodes.
The only constra1nt on the DXS values chosen for d1fferent sect1ons 1s that
the change in DXS between adJacent sect1ons should not be greater than a.
'ffactor of two o

The vert1cal connect1ons for- each channel in-a-section. are.specified by
"the input for card.VESSEL4.3: with the -identification.numbers. of-the channels-
it connects to in.the,section above and the section below.: A channel may -
connect to up to six channels in the section above and six channels in the
section below. The array KCHANA contains the index numbers.of channels
connected to the top of the channel and KCHANB conta1ns the index. numbers of
channels connected to the bottom If a channel does not have.a connection,
above or below, KCHANA or KCHANB is spec1f1ed w1th the channel's own.
1dent1f1cat1on number The code w1ll not accept a channel with only zeros. in
the‘KCHANA or KCHANB arrays.

There are three basic patterns . possible for vertical connections between
channels: a) one channel below connected to one channel above, b) one channel
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be]ow connected to many Channels above .and c) multiple channels below. .
connect1ng to a s1ng1e channe) above.. The momentum equat1on for the vertical
velocity at the sect1on boundary is. so]ved at. the top node. of _the bottom.
channel for case (a), in the bottom node of each of the upper channels. in case
(b), and 1n the top node of each of the 1ower channe]s in case (c), The
momentum mesh ce11s at the sect1on boundary for these three cases.are shown in
Figure 3. 15. Velocities are solved for in the momentum ce))s at: the top of '
channel 1 for case {a), at the bottom of channels’ 2 3 and 4-for-case (b) and
at -the top of channels 1, 2-and.3 for case (c). i

Velocities at the momentum ce)) faces wh1ch are used to ca]cu)ate the
momentum flux terms, are obtained by averaglng the ve10c1t1es at the ce11 jb
'centers of adJacent momentum ce])s.p At sect1on boundaries where the '
connect1ons are Tike those shown 1n cases (a) and (c) in Figure 3. 15 the _
ve)oc1ty at the top face of the momentum cel] is obta1ned by averaging the ..
ve]oc1t1es at the centers of the momentum mesh ce]]s on the boundary with the
;veloc1ty at the center of the flrst momentum mesh ce11 1n the channe) above.
For case (a) the ve)oc1ty of channe1 2 node 2, 1s averaged w1th the ve]ocity
ca]cu)ated 1n channe1 1 at the boundary. For case (c) the ve]oc1ty of channel
4, node 2, is averaged w1th the ve)oc1t1es ca)cu)ated 1n channe)s 1 2 and 3
at’ the boundary. For case (b) the ve10c1ty ca1cu1ated 1n the 1ast ce]] of
channel 1'is averaged with velocities ca)cu]ated in channels 2 3 and 4 at the
boundary. A channel with multiple connections to both the bottom and top must
contain: at least:two-mesh cells. :If ‘the channel had only one cell; the code
would not be. able to.determine:which velocities-to use when obtaining ‘average
velocities at the cell face for-momentum ce))s at’ the’ bottom of the channe) or
at the top of:-the channel. N cne ol )

F1gure 3.16 shows two samplés of channe) connect1ons that are not
permitted by the channel sp)1tt1ng 1ogic in “the code. These examp)es are -
given because they represent two ‘of the eas1est m1stakes to make 1n sett1ng up
the channel- sp11tt1ng 1nput. “The user shou)d bear in mind that any other
connect1ons he ‘might ‘think of that are’ not in one of the patterns shown 1n )
Figure 3.15 will not work either. 1In (a) in Figure 3.16, the channels below
overlap in-their connections to:the channels above. Trying to draw the
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FIGURE 3. 15. Al]owab]e Vert1ca1 Connect1ons Between Channe]s a»iSection~~~w--
Boundar1es L o o , i

momentum contr01 volume at the infet boundary toxchannel 4 1s the s1mp1est way
to see why that conf1gurat1on 1s not allowed." (The m1rror 1mage of this
conf1gurat1on, i.e., w1th channels above over]app1ng channe]s be]ow, is not
perm1tted either,jfor the same reasons.) A correct way | to- connect the
channels in this example is also shown in Figure 3.16. Example (b) in

Figure 3.16 shows a channel with multiple connections.above and below. The
only thing wrong with this conf1gurat1on is that channel 3 is only .one cell
long. It can be corrected by g1v1ng the section containing channel 3 one more
node. '

The logic in the code's input subroutine conta{néfseme error checks on
the channel vertical connections, primarily to determine consistency but also
to check for the erroneous one-node section pattern illustrated in part (b) of
Figure 3.16. Appropriate error messages are printed if inconsistent
connections above and below are detected. There is no possible generalized
check, however, for the most common error in channel splitting input, i.e.,
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. connect1ng the wrong channe]s in a 1og1ca11y correct pattern. The only
:defense aga1nst th1s is for the user to have a clear picture of the channel,
connect1on pattern for h1s prob]em to check aga1nst .the output data COBRA/TRAC
prov1des.

The rema1nder of .the input in card group 4 specifiesithe numerical
_”solut1on procedure to be used for 'solving the Tinearized cont1nu1ty and energy
equations. = The equations may be solved by ‘a direct ‘inversion”of ' the system
pressure matrix or a combination of direct inversion and iteration. - In the
~combination solution;- the pressure matrix-for groups of cells'is solved by
direct inversion while the pressure in cells surrounding éach ‘group is held -
constant. A Gauss-Siedel iteration is then performed over-the:groups of cells

to obta1n a converged solution for the ent1re (System pressure matrix,~. .-

" -The solution. procedure used is determined by the parameter NSIM 1nput on
card;VESSEL4.1. "NSIM is the number of simultaneoussolution groups: ~If NSIM
Z%-tO'one (1) the solution is obtained. by"diréct”invérs?onl”31f NSIM ts k

(where N'is an. 1nteger greater than one) the so]ut1on s obta1ned
so]utnon groups. A direct inversion is recommended for relatively small
probi%ms with fewer than forty or fifty mesh.cells..-The group-by-group:
1terat1on 1s recommended for larger problems since the computer.time required
to 1nvert the ]arge system matrix. _usually exceeds, that required-to reach-a.
’5su1tab1y we]] converged solut1on us1ng the 1terat1ve procedure.,,f PR

The convergence : rate for the 1terat1ve 'solutionc¢an be’" great1y ‘enhanced
by specifying the reba]anc1ng ‘option, IREBAL = 1; When . reba]anc1ng :1s: done, ‘a
one- d1mens1ona1 so]ut1on for the 11near pressure var1atlon at each 1eve1 in
the vessel is obtained’ by d1rect 1nvers1on. Th1s va1ue 1s used as an 1n1t1a1
estimate for the 11near pressure var1at1on 1n each ce]] 1n the group by group

iterations. , . -
. S DoomeemIonnvip e LT

The bandw1dth of the pressure matr1x is defined by the maximum difference
between the 1ndex numbers of adjacent cells in a group that is being solved
simultaneously. This maximum difference is specified by input as parameter
IWIDE on card VESSEL4.4, and the maximum bandwidth of the pressure matrix is
calculated as (2*IWIDE+l). (The code must be dimensioned such that dimension
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parameter NE is greater than or equal to (Z*INIDE+1) See Sect1on 2.5.) The
cell numbers ‘used to define IWIDE are not channe] node numbers (Channel node
numbers ‘are unique on]y within a channe], wh11e cell numbers are un1que B
’”throughout ‘the ‘vessel mesh.) Cell numbers ‘are ass1gned in the fo]low1ng :”.
manner: beginning at the first channel in the first section, the first node
in the channel (node-J.= 2):is assigned-cell number one (1). -The“cells of all
thegchannels 1n_thatvsectjon are numbered_sequentia]]y,atzthe:same;]evelﬂ.'_
(JJ;:21, The cell numbering is continued on the next level, starting in -the
same first channel. This. process- continues until.:all-.cells for all sections
have been-assigned unique.ce11~numbers~<~An~examp1e~i1ﬂustrating'this o

In the'examp1e in“Figure 3.17, IWIDE is equa] to 2790 s1mu1taneous o
solutions groups 1 and 5.7 In groups 3 and 4, IWIDE is only 1.  In group 2
IWIDE is 3, . The-value. for. IWIDE: entered on card VESSEL4.4 for this:example is
3. E(The matrjxlmustéaccommodatevthe-]argest;bandwidthtinﬁa]] groups:) - The
user should construct a similar diagram:for his problem, to determine:the
appropriate value for IWIDE, and also to provide the:input’ for:the :MSIM array
(the number oﬁftheﬁ1asthce]];jnueach-simultaneoUstolution group=-card = -
VESSELG.5) e - oo oot bty s E oL aiuat 2aain D . e

r

S1mu1taneous solution -groups are based on the geometry “of the g1ven
problem-and ‘'should ¢onsist of cells that- strong]y {nfluence’ each other s
behavior, or-are infTuencéd by ‘nearly- the “same external cond1t1ons Vo]ume 4
--COBRA/TRAC Deve1opmenta1 Assessment “and - Data’ Compar1sons conta1ns severa] o

nexamples;of,gepmetrles"modeled with simultaneous solution:groups.

3.1.4" Group 57and GrOUP 61 Var1at10ns in Channe1s and Gaps N

The geometry of a channel or gap 1s assumed to rema1n constant a]ong the
ent1re vert1ca1 1ength at the nom1nal va]ues spec1f1ed by 1nput But the .
1nput for groups 5 and 6 perm1ts ‘the user to spec1fy vertical var1at1ons in .
the geometry of channels or gaps. The 1nput for these two groups 1s
optional. If: vert1ca1 variation data is not needed groups 5 and 6 are
omi tted. SR EREENERN o Lo PR e
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The input data for groups 5 and 6 is extremely general. The user
provides tables of variation factors in group 5 and identifies in group 6 the
channels or gaps that use the tables. Variation tables can be supplied to
model variations in the continuity flow area, momentum flow area, wetted
perimeter of channels, and the width of gaps. Variation tables are read on
card VESSEL5.3 as tables of-node ‘number, JAXL(T, N), versus varjation factor,
AFACT(I, N) - The, node number JAXL(I,N) refers to: the cont1nu1ty cell for

-~cont1nu1ty area and -gap width var1at1ons, and to- the momentum cell for
. -momentum area and wetted perimeter var1at1ons. The var1at1on factor is

defined as-

’loca1"VaTUE'

AFACT(L,N) = oAt vaTue

The valueuofTKfACT(I N) is applied in the“code as a multiplier on the nominal
value of .the quantity being: ‘varied at the correspond1ng JAXL(I N) node--
cont1nu1ty area “momentum area, wetted per1meter or -gap w1dth. -Figure 3.18
shows two examp]es of channels with: area var1at1ons that can be modeled with
variation tab]es. For example (a),. var1at1ons of the cont1nu1ty area occur at
nodes 6,. 7 and 8f‘ Variations in the momentum area occur at nodes 6, 7 and 8
also, but because the geometry of the channe1 1s tapered and the continuity
are staggered the areas vary by d1fferent amounts.

and momentum node;,w

A

The tapered reg1on in the channel 1s approx1mated by a stack of cells
that have a un1form cross section along their 1nd1v1dua1 lengths. The
cont1nu1ty areas of the cells shou1d be defwned S0 that the volumés of the
cells are- equa1 to. the volumes of the reg1ons they are 1ntended to model. In
the cont1nu1ty so1ut1on, ce]]s 6; and 7 model the tapered regwon. The momentum
cells use the actual area at the 1ocat1on of the momentum ce11 center. In
this example, the momentum area var1at1on 1s mode]ed in cell 6.

The wetted perimeter is defined in the momentum cell, so variations in
wetted perimeter must be. lTocated relativeto the momentum cells. In example
(a) in Figure 3.18, the gradually changing wetted perimeter must be |
approximated by step changes, as is the gradually changing flow area in the
taper. For the circular cross section of this example, the simplest approach
is to define the wetted perimeter as the perimeter of the momentum cell:
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where —

Sl iy
e

... The 1input for group 5 to model . the variations in.example (a);ofiFigure 3.18
-consists of three.variation tables (NAFACT = 3, read on card VESSEL5.1). The
tables themselves are read on card VESSELS 2 (spec1fy1ng the number of entries
in a table) and on card VESSEL 5.3 (fi]]ing the arrays for the. node indices,
JAXL, and variation factors, AFACT). The tables are numbered sequentially in
the order they are. read in. B B

Example (b) in Figure 3.18 shows a. d1fferent sort of area variation. The
orifice plate in the straight pipe affects the momentum solution, but because
it occurs over a relatively short distance compared to the node length, the
continuity solution is largely unaffected. This could be modeled with a
momentum area variation alone without any variation in the continuity cell
area.

Gap width variations are specified in the same manner as vertical
variations in area or wetted perimeter. The nodes that differ from nominal

are identified in the JAXL array, and the corresponding variation factors in
the AFACT array. "

Variations encountered in most problems for COBRA/TRAC will not be as
neat, generally, as the two examples shown in Figure 3.18. The user will have
to make approximations appropriateﬁfor the particular geometry involved and
the noding selected. Some general_guidelineé in setting up vertical
variations are |

e In complex geometries, the user should preserve the same fluid volume as
in the actual system. (Volume is:ca1cu1ated as A*AX in a cell.)

e The momentum area should approximate the actual flow area in the system
at sudden changes. (This helps the code calculate the correct pressure
losses due to momentum changes.) |
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e The code 1nterpo1ates 11near1y 1n the table to obta1n var1at1on factors
for ce11s within the range of the tab1e but not named exp11c1t1y. (Ce]]s
with 1dent1f1cat1on nimbers Tower than the f1rst e1ement of a var1at1on
table or greater than the 1ast element in the table remain at nom1na1
values.) .

- ® The area -in- either the continuity cells. or the momentum cells should not
change by more than a factoriof_two between adjacent cells, even if the
”area in the system actually ehanges more abruptly. The code must be led
gradually through a large change in a series of steps. |

- The input for group. 6 specifies the channels or gaps'to-which the
variation tables described in the group 5 input apply. Variation table
ass1gnments are read on card VESSEL6 2 for either channels or gaps. . The
var1at1on tab]es are 1dent1f1ed by sequence number; i.e., the f1rst table read
in group 5 is tab]e 1; the second tab1e read in group 5, 1s tab]e 2; etc. JThe
index number of the tab]e to be used for cont1nu1ty area ‘variations. is. o
spec1f1ed by IACT. The index number of the tab1e to be used for momentum area
var1at1ons 1s spec1f1ed by IAMT. The 1ndex number of the. tab1e to be used for
wetted per1meter var1at1ons is spec1f1ed by IPNT The numbers of the channe]s
us1ng the var1at1on tables named by IACT IAMT and IPWT are 11sted in array..
ICRG(M) Ax1a1 var1at1on in -gap width 1s specified by settlng IACT to the
negat1ve of the var1at1on table number, and naming the indices of the gaps
using the table in array ICRG(M). When gap variations are specified, IAMT and
IPWT are not used.iu . - |

The 1nput for card VESSEL6.2 is repeated unt11 a]] channe1s and -gaps
having variations have been identified. It is not necessary to specify
variations in continuity area, momentum area and wetted perimeter in a channel
simultaneously. Any or all can be used, as appropriate for a given problem.

It is possible to specify a continuity variation only, momentum area variation
only, perimeter variation only, or any combination of the three. - -
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3.1.5 Group 7 Vert1ca1 Loss Coeff1c1ents

4 The 1nput for group 7 as des1gned to modeT Toca] pressure TOSses in the
vert1ca] flow due to spacer gr1ds, or1f1ce p1ates and other TocaT obstructlons
in the fTow f1e1d.~ The pressure Toss 1s modeled 1n the code as a veloc1ty
head Toss | '

T (3.5)

The input for:group 7 defines values for CD and - spec1f1es ‘where they should be
applied. - . : e , cel

The total ‘number of Toss coeff1c1ents to be spec1f1ed 1n group 7 1s the
value’ ass1gned to var1ab1e NCD' on card VESSEL7 1. The Toss coeff1c1ent -
va]ues, CDL(N), are spec1f1ed on card VESSEL7 2 a10ng w1th the 1ndex number of
the node- correspond1ng to the vertical Tocat1on of the Toss. The 1nd1ces of
channels that conta1n that part1cu1ar pressure Toss are spec1f1ed 1n the array
ICDUM(I) "Figure 3.19 shows two exampTes of arrays of channeTs w1th TocaT .
pressure losses that can be mode]ed by us1ng group 7 1nput. ExampTe (a)
consists of a’ rod array w1th three 'spacer gr1ds hav1ng a measured Toss .
coeff1c1ent of 1. 2. The 1nput 1n group 7 for th1s examp]e 1s shown be]ow

“Card 7.1 7 "3'(number”ot"cards'to'béhreadyw | L
Loss Coefficient (CDL)  Axial Node (J) Channels(ICDUM(I))

Card 7.2 - - . wooesle2 O SR - T D 2 .

Card 7.2 S B ST R - RN S CERTL S S

Example (b) consists-of an external.downcomer, lower plenum and lower part of
a vessel--a model of part of an experimental test section. :Local losses are
caused by the turbine flowmeter in the downcomer pipe and the grid spacers in
the vessel. The group 7 input for this example is
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Card 7.1 7 2 (number of cards to be read)

Loss Coefficient (CDL(N)) Ax1a1 Node (J) Channels{ICDUM(1))
Card 7.2 1.5
Card 7.2 0.8

As these two examples illustrate, the input-for group 7-is relatively
simp]e,and“easyuto_constructt,.Thereyare“two,main.points to remember:

. Thellocattonyef a loss coefficient,is,determined by node and channel
number. The node referstto:the momentum cell, ngt;the continuity cell.
This must be kept in mind when;determining thé node that corresponds to
the Tocation of the local Toss in the system being modeled. Care must be
used when placing a Toss coefficient 'in a momentum cell at a section
boundary. The loss mus be defined«an»the channel where the momentum
equation is so]ved.(a)ﬁ_

e The loss coefficients are defined assuming positive upflow in the
channel. If the Tloss. coeff1c1ent of a part1cu1ar structure changes
significantly when f]ow reverses through it, -the code does not see the
.change If reverse flow 1s the domxnat1ng pattern for such a situation,
the. user shou]d spec1fy the 1oss ‘coefficient corresponding to reverse
flow rather than the va]ue for pos1t1ve f]ow. :

3.1.6 Group 12: Turbu1ent and V1scous Stress Data o

-Viscous and- turbu]ent shear stresses and heat transfer may be mode1ed
through. the. .input. prov1ded in card group 12. -This input is opt1ona1, and
should be used only for prob]ems where. these shear stresses have a significant
effect on the behavior of. the system Turbu]ent and viscous shear stresses
may be specified for the entJrenmesh,uor4for only specific sections of the
mesh as the user reqUires.z_Genera]1yﬁthese terms should be neglected when
performing a full system-calculation, as the coarseness of the mesh does not
allow for an adequate resolution of the velocity profiles that are required to
determine the viscous or turbulent shear stresses.

(a) To determine which channel- the momentum equat1on is solved 1n refer to
Section 3.]1.1. L cee o
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The user may wish to perform a separate detailed thréé-dimensional”
simulation.of .some region of. the vessel where.turbulent and.viscous shear
stresses are important. Turbulent shear stresses are-jmportantﬂwhen_modeling
problems involving lateral. void drift and should be used when:such phenomenon
is important...The viscous“anthurbu]ent;shear:stress calculations are .. - ..
~activated in each.section of the mesh.by specifying the appropriate value for
- IVIS({ISEC). and ITURB(ISEC) - 1f ITURB(ISEC) 1s set to a value of. one (1) then
turbulence propert1es are assumed constant over the section., If 1TURB(ISEC)
is set to a value of two. (2) thenvturbu1ence properties are-assumed to. vary. -
from channel to channel.. A mixing:length turbulence model is.used in the. .
code. (This model is described.in detail in Volume 1.) The user must specify
the m1x1ng 1ength the an1sotropy factor and the turbulent Prandt1 numbers for
each phase, 1n each sect1on (1f ITURB(ISEC) 1) or 1n each channel of a
wsect1on (1f ITURB(ISEC) ) The m1x1ng 1ength for a prob]em 1s dependent on
the geometry of the f]ow path.“ For rod bund]es a m1x1ng 1ength on the order
of thE;hydrau11c d1ameter of a subchanne] 1s recommended.”‘l

While the input a]]ows the user to -specify :the degree -of- an1sotropy, this
is not, usually. known, and isotropic flow.-is usually assumed when computing the
norm@]@ﬁomponent:of,theiturbulentpshearjstresSgy'Thus,;the,anisotropy'faEtors
shou1dvgenera11y be set-to .one, as are the .turbulent- Prandtl;numbers, unless-
the user has JAn-hand convincing. data .to the contrary..
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3.2 VESSEL,COMPONENTARODAANDMUNHEATED»CONDUCTOR;MODEL.fT=; e

‘The: conduction heat” transfer modelfor the VESSEL' component of COBRA/TRAC
is designed to model nuclear fuel rods)~electrically heated elements, and the
various walls, tubes, canisters and pipes composing a° reactor ‘vessel or test
section. *The numerical procedure-used™in-the: conduct1on “solution 1s ‘based on
a finite-differencé resistance network approach. It 1s.d1scussed in detail in
Volume 1 of this manual, Equations and Constitutive Models.- Basically; the
conduction soTution‘ca]cUlatés”thé heat flow in two dimensions in’a solid -
structure, ‘with heat transfer to the fluid as a boundary condition on the heat
transfer surface. Heat" flow in ‘the solid'is ca1cu1ated ‘in the rad1a1 '
direction and (opt1ona11y) in the -axial direct1on. B

The 1nput data for the conduct1on mode1 1s spec1f1ed 1n groups 8 9, 10_
and 11. The 1nput for group 8 1dent1f1es the rods and unheated conductors for
a spec1f1c prob]em and 1n1t1a11zes the surface temperatures._ The geometr1es
of the various rods and unheated conductnrs are descr1bed 1n group 9 There
is an optional set of 1nput data in group 9 for a dynam1c gap conductance
model. for rods ‘modeling nuclear. fuel’pins. : The theérmal’ propertles of ‘the
materials-modeled in*the rods vand unheated'conductors*arefspeoiffed‘fn'the
input ‘data: for: group-10. *-Axial power prof11es ‘for ‘rods ‘and -a foréing funct1on
on total power are ‘specified ‘in"group 11, The 1nput “for- each of ‘thesé groups
is discussed in detail, with ‘i1lustrative ‘examples, in'the' following
subsections.

3.2.1. Group 8: Description. of Rods and Unheated Conductors

The input data for group 8 identifies the rods and unheated conductors
modeling the solid structures that interact significantly with the fluid in a
particular problem.

Rods and unheated conductors are both used to model solid conducting
structures in the vessel. There are two significant differences between them,
however, one conceptual, the other numerical. Rods can model either active or
passive elements, but unheated conductors are always passive. Unheated
conductors cannot have internal heat sources. The quench front model with

fine-mesh renoding can be applied to rods if needed, but unheated conductors
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are assumed to never require it;_ This greatly simplifies the heat transfer

logic for unheated. conductors\ahﬁ"reduces the computer storage requ1red to

model solid elements that w11f‘not exper1ence dryout and quenching.

Figure 3.20 shows examp]h ‘ESSEL structures that can be mode]ed with
rods. Example (a)-is an: array 0 nuc]ear fuel p1ns examp]e {b) is a 51m11ar
array of electrically heated fue1ﬁp1njs1mu1ators, example (&) is an '
electrically heated annular test section with both cylinders.heated; and (d)
is a test section with an electrically heated flat p1ate as the héat source.
Figure 3.21 contains- examp]es of VESSEL structures that can be modeled with
unheated conductors.; Examp]e (a).is a control rod guide tube (from the upper

plenum and. upper head of a PNR) examp]e (b) is a support column examp]e (c)
is a section of a downcomer annulus (formed by the core barre1 and _pressure

vessel); and example (d) is a one- e1ghth sect1on of symmetry of the canister
of a BHR fuel assemb]y.. ﬂ *?: e

The first 11ne of 1nput in group 8 card VESSELS. 1, 1dent1f1es the number
of rods .in the prob1em (NROD) and the number of unheated conductors® (NSROD).
The conduction solution flag NC must be set at this point to se]ect either
radial.:conduction only ‘(NC*= 1) or radial and axjal conduct1on (NC =2). The
option} for radial and axial conduct1on is recommended on1y for problems where
gradient is. expected 1n the rods. Prob1ems
involving ref]oodlng and quench1ng of very hot surfaces def1n1te1y should use

a significant axial temperatu“

the axial conduct1on opt1on. Prob1ems involving re1at1ve1y gradua1 heat1ng or
cooling of- ‘the system probab]y’can be handled adequate]y‘w1th rad1a1
conduct1on only. : N

The rod and unheated conductor identification parameters are read on
cards VESSEL8.2 and VESSELS. 3, respect1ve1y. If NROD is zero, card VESSEL8 2
is omitted from the input; s1m11ar1y,‘1f NSROD 1s zero, card VESSEL8 3 is
omitted. The rods are numbered sequent1a11y from 1 to NROD, and the unheated
conductors are numbered sequent1a11y from 1 to NSROD. Each rod or unheated
conductor is uniquely identified by its index number and geometry type number
(IFTYP(N) for rods and ISTYP(N) for unheated conductors). The geometry type
number corresponds to a set of descriptive geometry data specified in input
group 9. An jndividualrod or unheated conductor may have a unique geometry
type, or several rods or conductors may be of the same geometry type. Rods
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and unheated conductors can use_the same geometry type, but any heat
generation specif{ed for that geometry type will be ignored for the unheated
conductors. (The group 9 input is dichsséd in detaiT”in?Séction 3.2.2.)

Each rod has identified with 1t the number of an axial power profile
tab]e, IAXP(N) If IAXP(N) is left b1ank an axfally uniform tabTe with a
factor of unity is assumed. The ax1a1 power profile tables are specified in
group 11, and the form of this input is discussed in Section 3.2.4. An axia]
power profile table can serve any number of rods. In addition to the axial
power profile table, each rod has associated;with it a radial power factor,
RADIAL(N). The:radia1 power factor -is - norma]ized to the average power
generation rate (spec1f1ed in group 1, see Section 3.3.1). In conjunction .
~with the axial ‘power profile tab]e RADIAL(N) defines the local power

generation in the individual rod. :

“Unheated conductors do not generate heat but can transfer heat to and
from the fluid and store thermal energy during a transient. For each unheated
conductor the user must specify the heated perimeter dt the surface,
HPERIM(N). If the conductor is a tube or wall that has contact with the fluid
on its inner surface then the heated perimeter of the 1nner surface,
HPERIMI(N), must - be Spec1f1ed as well.

In modeling 1arge geometries it is sometimes convenient‘to renresent
regions of the vessel: by average rods or unheated conductors. A fue1 p1n
-array such ‘as’ the one shown in F1gure 3.20(a), might .be. represented ds a
single average ‘rod. --The -upper plenum of-a PWR contains-a largevnumber of
guide tubes, such as the one shown in Figure’3;21(a), but the guide tubes in a
given region of the plenum could be modeled by a single averaée unheated
conductor. The number of actual structures modeled by a rod or unneated-
conductor.is specified in the variable RMULT(N) for the rod and in RMULS(N)
for the unheated conductor. (The values specified for RMULT and RMULS can
include fractional parts of structures.)

The fine-mesh renoding capability developed to resolve the quench front
in reflooding requires some extra input for the rods on card VESSELS8.2; (tbis
input has. no counterpart on card VESSEL8.3 for the unheated conductors). &f
fine-mesh renoding is to be used for a particular rod, the flag NRENODE(N) is




set to. the. number of calculational time steps to elapse between renoding. -How
often the rod,shou}d_be_renoded is primarly a function of the.reflood'rate and
the size of time steps expected: during the reflood portion of the transient.
In_general, NRENODE(N). should-be set so that-the:quench front will not:: - SN
progress further than 1/2 of the minimum node size (DAXMIN(N)) between - -
renoding. For. example: e

quench front velocity:
v 0 25 (1n /sec)

QF -+
maximum time step:
At = 0.05 (sec) NRENODE INT

- minimum-node ‘size: - -
- DAXMIN = .0.05 (in.) -~

”If the rod 1s a tube quench1ng on the 1ns1de surface, then NRENODE(N) shou]d

be spec1f1ed as a negat1ve number, and the abso]ute value of NRENODE(N) is
used to determine the renod1ng 1nterva1

: If renoding is spec1f1ed for a part1cu1ar rod by a nonzero value of
NRENODE(N), the user must spec1fy“the m1n1mum node s1ze DAXMIN(N), for that
rod.. The normal size of the axial fodes in”the’ rod is the same as that of the
fluid nodes. :These are usua]]y quite large, on the order of 12 to 24 1n bUt
at the quench front the node length must be on the order of fract1ons of an Ghi
inch to resolve the: témperature gradient adequate]y. As a genera] rule,h o

DAXMIN(N) shou1d be about 0.05° inches.

The ‘remainder of the input in group 8 sets up the 1n1t1a1 surface
temperatures of the rods and’ unheated- conductors. The temperatures are o
specified in tables: of jnitial temperature TRINIT(I L), versus axial -
distance, AXIALT(I;L), relative to the bottom of the vessel. The code
interpolates linearly in the ‘table along the axial length of the rod or
unheated conductor it is applied to, so the first element-of the~AXIALT(I‘L7"*£
array for a g1ven tab]e 1 must be at or below the bottom of the rod, and the
last e1ement must be at or above the top of the rod A tota] .of NRTAB tables. .
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(the value of NRTAB is specified on card VESSEL8.1) must be supplied, but
table. I.can be applied to:more than one rod or unheated conductor. 'On card
VESSEL8.4- the. user must specify ‘the number of rods NRT(I), and the number of
- unheated conductors:NST(I) that-use.table I. The user must also identify on
this card how:many. pairs of TRINIT(I;L)--and- AXIALT(I,L) eleménts make up this
particular table. The NRAX(I) pairs of entries for table I,  TRINIT(I,L) and
"AXIALT(I,L), are read on card VESSELS8.7. |

If table I is to be used to initialize any rods, card VESSEL8 5 is read
to fill array. IRTAB(I L) with the identification numbers of the rods. If any
of the rods are tubes.or walls-.and the table is to be used-to initialize the
temperatures on the insideﬁsurface, the rod identification number, N, is
entered in the-lRTAB'array asfﬁtS'negative. (For example, if rod 9 is a tube
to be initialized on its inside surface from table 3, then IRTAB(3,1) =:-9.)
If table I is to be used to initialize any unheated conductors, card VESSEL8.6
is read to fill array ISTAB(1, L) w1th the 1dent1f1cat1on numbers of the
unheated conductors. The code assumes an 1n1t1a11y f1at temperature prof11e ;
in unheated conductors, so it is not necessary to spec1fy whether the h
temperature applies to the inner or outer surface. ‘

3.2.2 Group 9 Geometry Descr1pt1on for Conduct1on Mode1

‘ The 1nput for group 9 descr1bes the character1st1cs of the: geometry types
1dent1f1ed in the IFTYP(N) and ISTYP(N) ~arrays for: the rods and unheated
conductors in group 8. Geometry types fall 1nto two basic: c1asses--nuc1ear
fuel rods and a11 ~other conductors.. The nonnuc]ear‘conductors.can be -
character1zed as solid cylinders, hollow tubes.or:flat plates.

On the first line of input for group 9, the:user must-specify-NFUELT, the
number of geometry types.m_Thisymustvbeﬁequa];to:thennumber=of;unique‘entries;
in the IFTYP(N) and ISTYP(N) arrays. Two .flags- for fuel relocation, IRELF-and
ICONF, are a]so input on card VESSEL9.1.  Relocation. is.an option in the
dynamic gap conductance model for nuclear fuel geometry types.

Nuclear Fuel Rod Geometry: Types

‘Data for nuc1ear fuel rod geometry types are read on card VESSEL9 2 w1th
additional opt1ona1 “input’ spec1f1ed on cards VESSEL9. 3 through VESSEL9.5.
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More than one nuclear fuel geometry type can be specified for a problem, but
generally nuciear fuel rods in a core or test section are uniform enough for
all to be mode1ed»by the same geometry type. The input on card VESSEL9.2 sets
the geometry'type index, I, which must correspond to the IFTYP(N) value of the
rods that are of thlS geometry type. The geometry type flag FTYPE(I) for
nuclear geometry types is NUCL. ‘The geometry of the nuc1ear fuel rod type is
defined by the outs1de ‘diameter, DROD; the pellet diameter, DFUEL(I); the
-d1ameter .of the central core, DCORE (zero if the fuel-is solid); and the clad
thickness, TCLAD. The code assumes that the rod is uniform in the axial
direction, S0 th1s data complete]y characterizes 'the physxca] d1mens1ons of
the rods be1ng modeled by th1s geometry type. '

- On card- VESSELQ 2 NFUEL def1nes the number of : rad1a1 heat transfer nodes
in the fuel- pe11et. NFUEL must be large enough for the code to reso]ve the
temperature prof11e>1n the fue1 pe11et adequately, yet the more. nodes

sspecified, the .harder.- the .Code- has to work -in-the heat- conduct1on e ~’
=calculation. Figure 3.22 shows a fuel pe]]et with a typical radial
+temperature profile modeled nith 3, 6 and 9 radial nodes. By inspection it
| -appears that 3 nodes probab]y'are‘not quite enough; 6 nodes give a reasonable
.approximation; and more than 9onu1d“be too many. The user must exercise a
kdegree of judgement in determining the number of radial nodes appropriate for
the problem. ' :

. The remainder of the. 1nput card VESSEL9 2 sets f1ags and options for the
fuel material properties and the gap conductance mode1 The code contains
properties for U0, fuer(2) der1ved from MATPRO 11 (Revision 1) (Ref. 8).

These can be flagged by sett1ng IMATF to ‘zero. The _correlations from
MATPRO-11 use the fuel theoret1ca1 density as a parameter in calculating the
U02 properties, so if IMATF is zero, the user: must supp1y an appropriate value
for FTDENS(I). This is a fract1ona1 va]ue that depends on the properties of
the U0, pellets being modeled, and. 1s usua]]y on. the order of 0.95.
Alternatively, the user may elect to spec1fy a d1fferent material for the
fuel, in which case IMATF must be. set to the numer1ca1 1ndex of a material

(a) S
r

ee Volume 1 of this manual for a complete discussion of the constitutive
e] R

ations and-models used ‘in the:conduction ‘'solution. "
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property type specified in group 10. (See Section 3,2.3 for d1scuss1on of
a.ueer-epecitfed material properties ) For cladding material. properties, the
code. contains properties. for z1rca1oy and. zircaloy oxide. from MATPRO-11
(Rev1s1on 1), and these can. be f]agged by setting IMATC, and IMATOX(I).. to '
zero. , If the cladding or- cladding.-surface oxide;is, some. other material for .
the nuclear rods being modeled by geometry type I, IMATC-and, IMATOX(I) must be

ass1gned the numer1ca1 1ndex of an appropr1ate mater1a1 property type _
spec1f1ed in group 10. _J¢' ) ) :

R et ST A .
There are three opt1ons ava11ab1e for the gap conductance mode1 for
geometry type I: constant un1form gap conductance, ax1a11y nonun1form .user- .
spec1f1ed 9ap.. conductance or a dynam1c gap conductance. mode1 The. s1mp1est
of the three a]ternat1ves, and the easiest to 1mp1ement, 1s the constant. .
un1form gap.. conductance. It is. f]agged by setting IGPC to.zero.. .The gap _ﬁ'
Qconductance va1ue spec1f1ed on card VESSEL8.2: in. HGAP(N) is. used for rods with

'ﬁgeometry type I, and no further input fis. requ1red fOP the. gap C°"dUCtance- a

Theasecondvoptron,for;a user-specified ‘nonuniform gap ‘conductance is a *
variation of thexfirstcoption.V;Theauser-spécifieS&the vaTUe(for‘gapfiff‘”
conductance -but can-vary it axially and.in.time by means of input:tables. 'The
user specifies a table of:pairé of:values of axial+Tocation, AXJ(LZ) and gap
conductance, AGFACT(L,I), on card VESSEL9.4. (IGPC on VESSEL9.2 définés”the
number of pairs of .entries.in, this table. ) . The code determines the-.gap
,conductance in each ax1a1 node of the rods : w1th -geometry- type I by .linear .-
'"1nterpolat1on_1n theytap}erepecnfjed.onfcardTVESSEL914gand applies :the gap -
conductance temporal forcing function (see card group 11, Section.3.2.4), if..
one hasrbeen'specified,ﬁegjdu,,mi, h

‘In the dynamic gap’conductance'modeT;fthe'COdélca1cu1ate§7the gap
conductance:based-on ‘the thermal-and ‘geometric properties: in‘the .gap. ‘The
model takes into account the -thermal” expansion 0f.the fuel pellet ‘and cladding
and elastic deformation of.the”cladding'fnwdetermining the 'size of the gap.
The dimensions. of the gap:and the thermodynamic ‘properties of the fill gas are
used to calculate the gap conductance.. The user must specify the“initial cold
gap .width in a table of axial location, AXJ(L), versus cold gap width, -
AGFACT(L,I), read on card VESSEL9.4. The cold gap width is the gap width
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before the fuel p1n is brought to fu]\ power. But s1nce the gap conductance
model does not calculate the effects of the power h1story of the rod the cold
gap w1dth spec1f1ed by 1nput must “include any changes ‘from as-built conditions
due to burnup dependent factors. - The number of entries in the’ tab1e read on
card VESSEL9 4 is the abso]ute value of 'IGPC since IGPC is" entered as a
“negative number to f1ag the dynam1c gap conductance mode1 R

In add1t1on to the co]d gap w1dth the user- must supp]y data on the ‘m'i
compos1t1on of the fill gas and the internal character1st1cs of the gap for
the dynam1c gap conductance ‘model. This data’ 15 read’ on ¢ard VESSEL9.3. The
cold pin gas pressure, PGAS(I), is the gas pressure‘at '295°K. " The gas plenuin
vo1ume VPLEN(I), is"the volume of the extra space between the top ‘of ‘the fue]
pellet stack ‘and the top of the rod. “Both PGAS(I) and VPLEN(I) should be
determined from the' manufactur1ng spec1f1cat1ons of the part1cu1ar fue1 rods
{being modeled by geometry type I. "The surface roughnesses of the fue] pe]let
and the” c1add1ng inner surface, RDUFF(I) and ROUFC(I), ‘are ‘Used in the
temperature :jump discontinuity correlation.:in the gap conductance model. The
correlation was optimized.with values of O. 2(10‘4) “inches~and 7 "o ot i
-0. 39(10‘4) inches for . ROUFC .and-ROUFF, respéctively, and.even if:the-user :
knows the correct values.the optimized values will. probab]y yield‘a more -
accurate:answer. > . o ‘ o '

The ‘fuel relocation model from FRAPCON- 2"can be 1nc1uded in the dynam1c

‘gap conductance calculation’” Relocation a]lows “Fuel to move ‘radially 1nto the
fuel:cladding gap. 'Cracks -formed-in-the fuel by’ relocat1on ‘reducé the

effective conductivity of the fuel. ~When IRELF=1, both rad1a1 re]ocat1on and
conductivity degradation are included in the calculation. Since the ~
relocation model is an -empirical:correlation; the surface roughnesses should
correspond to those used-to, derive the correlation.: ROUFC ‘and ROUFF: are-
0. 45(10"4) inches. and 0. 85(10'4) jnches -respectively, .in FRAPCON-2.. " {These
values. are different  from.:the surface roughnesses-used‘to.opt1mize the
temperature jump discontinuity correlation:) Conductivity degradation can be
calculated without relocation by setting ICONF:=-1 and-IRELF =-0. " In. this .
case the effect .of radial relocation should be included in the specified cold
gap width. ' ‘ S ’ ‘



The code expects the fill gas.to be composed of helium, zenon, -argon,
krypton, hydrogen and nitrogen. The composition of the gas-for:'a'given
geometry type is specified by filling the GSFRAC(I). .array on card VESSEL9 3
with values for the molar fractions (GSFRAC{I) < 1) ‘of the gases present. The
GSFRAC(I) value for any one component can’ be any va]ue between zero and one,
1nc1us1ve, -but- the array must sim- to un1ty ¢

Y GSFRAC(L) = 1.0

(3.

For example, if the fill gas was 100 percent helium, GSFRAC(l) wou1d be 1. 0
and GSFRAC(2) through GSFRAC(6) would all: be zero. ERatle -

‘ The code assumes that the radial power:profile in:a fuel:pellet:'is

’;; un1form, but the user. has the opt1on of spec1fy1ng a, nonuniform radial profile
\‘ in the pe]]et.' If th1s opt1on is se]ected the pin rad1a1 _power profile is

f; read on card VYESSEL9.5 as a table of relative rad1a1 1ocat1on, RODP(L), versus
f,‘re1at1ve power: factor, PONR(L) The re1at1ve rad1a1 1ocat1on 1s def1ned as

Croop(L) = RO DCORE/ZL .o (3

wnere&JQCORE . diameter.of centra];ypid;(in inches). .
DFUEL

R(L)

-pellet diameter (in inches) . -~
radial .location, (in-inches) -

The relative power factor is defined as

power at rad1a1 10cat1on R(L)
*-dverage pin power

: PONR(L) = - (3.9)




 The profile constructed by the table of (RODP(L) "POWR(L))"s =
automat1ca11y normalized to un1ty. Lo EL L St T e

Nonnuc]ear Geometry Types S

4

. Data for nonnuc]ear rod and unheated conductor geometry types is read -on
cards VESSEL9 6 and VESSEL9 7. The geometryetypes are.classified as solid-
cylinders, hollow tubes_orwflat~wails. -The physical elements of a reactor
vessel _or test section can be -modeled with these geometries, even if they do
not conform exactly to the ideal shape. The guide tube shown in
F1gure 3.21(a), for example, can be modeled as a flat wall, even though it is
a square tube. In modeling a solid element as a rod or unheated conductor,
the important aspects to preserve are: ..

e the surface area in contact-with the.fluid ~ - '
o the: mass available for thermalstorage °

‘o the th1ckness of any e]ement (wa11 or tube) that has f1u1d contact on
' “both’ surfaces. AR )

'The phys1ca1 d1mens1ons of the geometry types shou1d be deflned SO that these
three character1st1cs of the solid elements of the system are modeled with
reasonable accuracy.

= .5 The nonnuclear geometry types are def1ned on card VESSEL9.6 by index
number I, and an alphanumeric value for FTYPE(I): HROD for a solid cylinder,
TUBE for a hollow tube, and WALL for a flat plate. The dimensions of the rods
or unheated conductors modeled by 'a geometry type I-are defined by ‘DROD ‘and’
DIN. For a solid cylinder geometry, DROD is‘the”bﬁtSide*diameter;'and DIN is
zero. For a tube geometry, DROD is the outsideé diameter and DIN the inside
diameter. For a flat plate geometry,gnROD,is the-perimeter of “the plate -
surface that is in contact with the fluid and DIN is the plate thickness.

In many prob1ems, DROD and DIN will correspond exactly to the physical
dimensions of the elements be1ng mode1ed by the geometry type. The electric
heater rods in Figure 3.20(a), for example, could be modeled with DROD equal
to the actual diameter of the heaters. Similarly, the outer tube of the
annulus in Figure 3.20{c) could be modeled with a geometry type having DROD
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and DIN equa] to the actuaT outer and inner diameter of the tube. But the
square guide tube in F1gure 3. 21(a) woqu have to be modeled by an equ1vaTent
“conductor, such as a fTat p]ate. The gu1de tube, with w1dth W and

th1ckness t, has’ outer per1meter Pw = 4. A flat plate with equ1va1ent outer
per1meter ‘would have width DROD 4N and th1ckness DIN = t. T

‘. The number of different mater1a1 reglons modeTed in the rods or. unheated
conductors of geometry type I is spec1f1ed by the va]ue of NFUEL on- card ‘
VESSEL9. 6 The number of heat transfer nodes in a g1ven reg1on 1s spec1f1ed
by 1nput on “the subsequent card VESSEL9 7. A reg1on deflnes a rad1a1 r1ng
(or layer, for wall geometr1es) of un1form mater1a1 propert1es for the '
conduction solution. The heater rod shown in F1gure 3. 20(b), for exampTe, )
consists of ‘three d1fferent mater1als sta1n1ess stee] boron s111cate and
nichrome.  Four separate reg1ons of materials are formed by the rod geometry,
the central core of boron silicate, the nichrome heater wire, the outer Tayer
+ of boron silicate, and-the 'stainless steel cladding. 'Four ‘material regions
(NFUEL = 4).are required to describe this*heater‘rod*geometry»type b

 The- rema1n1ng 1nput for card VESSEL9 6 def1nes the mater1a1 propert1es

,f used to determ1ne “the minimum f11m boi]1ng temperature for the heat transfer
surfaces of “the geometry type. Most phys1ca1 systems in contact w1th water,
part1cu1ar1y at h1gh temperatures deveTop an oxide Tayer that s1gn1f1cant1y
affects the thermal properties of the’ surface. The user may Spec1fy the
“thermal - propertles of the oxide. mater1a1 on the outs1de and 1ns1de surface by
setting IMATOX(I) and IMATIX(I) to the index ‘number of a mater1a1 propert1es
table spec1f1ed in group 10, (The var1ab1e IMATIX(I) applies onTy to TUBE or
WALL geometr1es with fluid contact on’ the 1ns1de surface. For so]1d cy11nders
(HROD) ‘and TUBES or WALLS with f1u1d contact onTy on the outs1de surface, 1t
s 1gnored ) Ifa part1cu1ar geometry type does not have ox1de sca]e on its
heat transfer surfaces, IMATOX(1) and’ IMATIX(I) shoqu be ass1gned va]ues that
correspond to the’ material propert1es ‘table for the materlal the rods or
unheated conductors are composed of at the surface. If. IMATOX(I) or 'IMATIX(I)
are set to zero, the ox1de property index defaults to the bu11t-1n zirconium
dioxide propert1es table. '



. The material comp051tion and radiai noding in the NFUEL regions
identified for a geometry type 1 are read on card VESSEL9 7.. The user must
| spec1fy a material property tabie 1ndex for the ~region MATR(L), corresponding
. toa properties tabie suppTied in group 10. The phy51cai ‘thickness of each
region must be spec1fied in_the. variabTe TREG(L), with the number of radial.
nodes in that region, NODER(L) The code automaticaiiy caTcuTates the size of
each node- w1th1n the region by diViding the region 1nto NODER(L) nodes of
equaT thickness. . o

i The materiaT temperature is caTcuTated at the center of mass of each _
node. The onTy exception to this node piacement occurs for a region where one
edge . forms a heat transfer surface in contact. with the fTuid. In this case,
the node cTosest to the surface s given onTy one-haif the nominai
thickness.} The node temperature is caTcuTated at the surface rather than the
center of the han—w1dth node.

- For the .heater rod with -NFUEL = 4, Figure 3.23 shows a typical
temperature profile.in the heater rod-and the radial noding in“the various::
regions required to resoTve it. Region 1, the boron- si]icate in the center or
the rod must of nece551ty be at a uniform temperature in .steady. state, and
51nce it 1s a relatively smaTT region,. 1t can be modeTed adequateiy with a
51ngTe node._ The nichrome wire fiTTs a thin enough region in the heater rod

to be con51dered almost a Tine source and cannot have a s1gnificant
temperature gradient (because of. the thermaT properties of nichrome), S0 this
'region too can be. modeTed w1th 2 Singie node.; ‘The -region between .the heater
w1re and the cTadding has a. very graduaT slope because of the thermal,
properties of boron 51Ticate, S0 two nodes are enough to resoive it.. P
adequateiy. The region defined by the steel cladding.is. relatively thin, but
because of the thermaT properties of steeT the temperature profile may have a
reiativeiy steep s]ope here, so two nodes are required in this region.  The .
"input for card VESSEL9 7 for this exampTe is, summarized below:

- Region 1 NODER(1)' =1 -
CMATR(1) =1 . (1mp11es that tabTe 1 in group 10
TREG(1) = ri "“contains properties for boron 5111cate)
QREG(1) = : :
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3
Radial Noding in a Typical Electrical Heater Rod

FIGURE 3.23.
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Region 2 NODER(2)
MATR(2)
TREG(2)
QREG(2) =

, ~ (implies that table 2 in group 10
ro - ry) contains properties for nichrome)

Boun oo
N

Region 3 NODER(3) =
~ MATR(3) -

TREG(3)

QREG(3)

n - u-u
O—~r—=M™N

Region 4 NODER(4)
MATR(4)
TREG(4)
QREG(4)

- (implies that table 3 in group 10
rq -:r3)  contains properties for stainless steel)

it non u
O~ wmn

The number of radial nodes to'use within a regioﬁ of a geometry type is
governed by two fectors 1) the temperature grad1ent expected in ‘the
structure, and 2) the ca]cu]at1ona1 cost for a 1arge number of heat transfer
nodes. The user must spec1fy enough nodes to ~adequately resolve the heat
transfer conditions: being modeled.‘ Beyond a certain Timit, however doubling
the number of nodes does not double the accuracy of the. so]ut1on, but it
nearly quadruples the computatlon time required. for elements with that
geometry type. The’user must exerg1sewsomebJudgement as to what constitutes
an adequate but not: excessive number of radial nodes for the heat transfer
solution in a particular problem. '

The radial power factor QREG(L), specified for each region, defines which
regions of a nonnuclear rod generate heat internally. In heated rods, the
QREG(L) values for all the reg1ons of the rod. are automatically normalized to

- unity, relative to the total power generated in a rod. Nonzero values of QREG

are ignored in the unheated conductors.

3.2.3 Group 10: ﬁMateria] Properties Table

The input for group 10 supplies the material properties selected by
numerical indices in the geometry type input of group 9. If all the geometry
types specified in group 9 use the built-in. nuclear fuel rod properties for
U0y, zircaloy andhzirconium dioxide, the input for group 10 is omitted.
Otherwise, properties tables must be supplied for NMAT materials, where NMAT
is the number oﬁ\unfque'indjoes speéified in group 9 input for the variables
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IMATF, IMATC, MATR(L), IMATOX(I) and IMATIX(I). The user m‘ﬁ‘st”kéép"track of

which material he wishes to: 5P€C1fy w1th a g1ven 1ndex number The’code‘
cannot check* th1s 1nput 1nterna11y SRV LA - :

The mater1a1 propert1es tabTes are entered on cards VESSELlO 2 and R
VESSEL10.3. Both cards are read for each tabTe Card VESSELIO 2 1dent1f1es

“the table- by its numerical index and spec1f1es the number of entr1es, NNTDP

in the table. The cold-state dens1ty of the material, RCOLD(N), is a]so o

‘éntered on-this card. ~RCOLD(N) is the dens1ty at normaT (as built)

conditions, and %" used to calculate ‘the mass of the nodes. Th1s approach
eliminates the tedious process of caTcuTatlng the reTocat1on of the radlaT :
nodes due to thermaT expans1on durxng the tran51ent. :f“‘f B o

The propert1es tabTe 1tseTf is read on card VESSELlO 3 The mater1a1

propert1es 1nc1uded in the tabTe are spec1f1c heat CPF(I N), and therma]
52 conduct1v1ty, THCF(I N), as a funct1on of temperature TPROP(I N)
% temperature range of the tabTe must be great enough to encompass the

temperature ‘extremes expected in the caTcuTat1on otherw1se the run w111 abort
due to property tabTe Tookup fa11ure The user does may spec1fy constant

*»propert1es for a mater1a] type.: Th1s 1s done by enter1ng onTy one eTement dn

'the tabTe, 1 e, sett1ng NNTDP to 1, and read1ng card VESSELlO 3. for onTy one

set of TPROP(I N), CPFF(I N), and THCF(I N) The va]ue spec1f1ed in.
TPROP(I 1) 1s 1n th1s case superfTuous._ The vaTues spec1f1ed in CPFF(I 1). and

'THCF(I 1) will’ be used for mater1a1 type I regardTess of the mater1a1

temperature.

3!2.9_ Group 11: Axial Power Profiles and Forcing-Functions for Total .Power:

“and Gap Conductance - -

- The input.for group 11 defines the axial. power profiles for .the rods
specified in group 8. .In addition, the user may specify-temporal forcing
functions,on,total power generation.rate. and, ,forxnuclear fuel ‘rods, ‘on-the .
gap_conductance.. If no rods are. specified in-the -group 8. 1nput the 1nput for
group 11 1s unneeded and can be om1tted entirely. .. a :

* The axial power profiles and forcing functions on power and gap
conductance are entered as tables of paired values--relative power versus
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axial location for the power profiles, and forcing factor versus time for ..

~ power and gap conductance._,The first 1ine.of input on.card VESSEL1l.1l defines
the number of axialﬂpower profile tables, NAXP, and the. number of pairs. of
entries, NQ and NGPFF, in the power forc1ng funct1on tab1e and the gap
conductance forc1ng funct1on table, respect1ve]y. o

_ The NAXP ax1a1 power prof11e tab]es are numbered sequent1a11y, 1 through
vNAXP 1n the order. they are read in.-. The identification numbers must
correspond to the values specified in the IAXP: array -on card VESSEL8 2 for the
rods 1in _group 8. Card VESSELll 2 is read for each axial power prof11e table
to def1ne 1ts 1ndex number, I, and.the number of entries, NAXN(I), in the.
table. The table itself is. read on card VESSEL11.3 as NAXN(I) pairs.of Y(I N)
and AXIAL(I N), where Y(I N) 1s the axial 1ocat1on re1at1ve to the bottom of
the VESSEL and AXIAL(I, N) is the power factor at that 1ocat10n.‘ AXIAL(I N) is
def1ned as the rat1o of 1oca1 power to average power 1n the rod or rods the
table is app11ed to. F1gure 3 24 shows a nuclear fuel rod with a 12 foot f
act1ve 1ength and a chopped cos1ne power proflle w1th peak to-average rat1o of
1.45. ' ‘

The ‘axial power tab1ﬁ11s used to 1nterpolate 11near1y for ax1a1 power h;

14t

factors at the boundar1es of the ax1a1 heat transfer ce11s and the prof11e is

1ntegrated over’ each ce11 to obta1n an average 11near heat rate for. the
cell. when re nod1ng occurs,_the ax1a1 power prof11e 1s re-1ntegrated to
“obtain the average 11near heat rate in the new cel]s. In the examp]e shown in
~Figure 3. 25 ‘an electr1c heater rod w1th step approx1mat1on to a cosine _power
~profile-is modeled in a- channel with 12-inch continuity nodes., The 11near

heat rate in the cell is- -modeled as a uniform. Qin a1ong the ent1re 1ength of
the cell. AR

With channel splitting it fs‘possib1e to extend a rod through several

sections -of the channel geometry. “A rod can be used to model an average
heater rod in a test section; as.illustrated in Figure 3.26. Channel 3 in
section ‘1 models a portion of the reégion penetrated by the cold ends of the
rods modeled by the average heater rod ‘1. Channel 3 connects to 10 above.
Channel 10, inﬁsectjon 2, models the portion of the core containing the rods
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FIGURE 3.25. Heat Input Over One Fluid Node

modeled by heater rod 1. Channel 10 connects to channels 15,16 and 17 above,
in section 3, but the heater rod ends at the boundary befweéniSections 2
and 3. i o

~ In general a rod can pass through any number of contiguous vertica)
sections with fluid connections in different channels in éach"section, but the
..rod must begin and end -at a-section boundary. The vertical locations of the
beginning and end of each rod must be~considered>when'defﬁning section
boundaries for the group 4 input. Unheated conductors do not require axial
power profiles and may not cross section boundaries, but they must also be
considered in the section boundary locations. Unheated conductors are assumed
by the code to have the same axial length as the sections;that contain them.

The forcing functions specified in group 11 are read .on cards VESSEL11.4
and VESSEL11.5.. The forcing function on the power is entered as NQ pairs of
transient time YQ(N) and power factor, FQ(N). The power factor FQ(N) is the
ratio of power at time YQ(N) and the”fnftiaﬁ power. The code interpolates
linearly in the power forcing function table to determine the current value of
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total power at each time step. Figure 3.27 shows an example of how the code
interpolates a power forcing function. (The relative size of the time steps
has been greatly exaggerated on graph (c) for illustrative purposes. In-
reality, the calculated power values over the t1me steps sum to a value very
nearly equal to the 1ntegra1 of the power table curve in graph (b).)

The gap conductance forc1ng function is spec1f1ed on card VESSEL11.5 as
NGPFF pairs of transient iime, YGPFF(&) and gap conductance factor,
FGPFF(N). The input convention for this table follows the same logic as the
other tables in group 11. The gap codductance féqtor FGPFF(N) is defined as
the ratio of the gap conductance value at the tineiYGPFF(N) and the initial
value. The forcing" funct1on is applied un1form1y along the axial length for
nuclear fuel rods with a gap conductance forc1ng funct1on specified on card
VESSEL9.2, i.e., with IGPC > 0. e st

3.3 BOUNDARY AND INITIAL CONDITIONS FOR THE VESSEL COMPONENT

Boundary and initia]iconditions for the VESéEL component consist of the
initial system operating cond1t1ons, boundary cond1t1ons on individual
computational cells w1th1n the VESSEL, and the Junct1on connections that tie
the vessel to the other components of the system The initial system
operating conditions def1ne the state of the VESSEk component at the beginning
of the transient. This data is supg}fédﬂin inputléroup 1, which is discussed
in Section 3.3.1. :

Within the vessel component itself the user may specify a variety of
boundary conditions on 1nd1v1dua1 computational ce115. These include pressure
boundaries, mass flow boundar1es, mass sources and pressure sinks. In
addition, the user may select1ve1y shut off crossflow in specific nodes, a
useful aid in mode11ng unusua] transverse flow paths. The data for these
boundary condition opt1ons are specified in group ¥3, and the input
requirements are discussed in detail in Section 3 3.2.

The input data to’ spec1fy the VESSEL connect1ons to other components is
discussed in Section 3.3.3. _The input for th1s group is relatively simple,
but there are several important and somewhat less-than-obvious factors the
user must considenﬂ
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3.3.1 Group 1l: Initial Conditions

The 1nput for group 1 contains two seem1ng1y redundant cards for the
geometry data, and a card to initialize operating cond1t1ons in the VESSEL.
The geometry cards, VESSEL1.1 and VESSEL1.2, require the user to specify the
total number of axial nodes (NDX) and the total vertjcéI‘heﬁghtv(i)'of the
VESSEL. The values specified on these cards must%be compatible with the
section-by-section input supplied in group 4}4~That is:

x A e ST NSEC
NDX.=..F ...NONODE{N) . . .. (3.10)

number of axial nodes in section N
total number of sections

where NONODE(N)
NSEC

]

Similarly, the vertical height, Z, is

NSEC |
Z = ] NONODE(N)*DXS(N) | -
‘ N=1 e R B f

number of ax1a1 ce]]s 1n sect1on N
ax1a1 ce]l 1ength 1n sect1on N

where NONODE(N)
DXS(N)

The . 1n1t1a] operat1ng cond1t1ons in the VESSEL are read on card VESSEL1.3
and consist of system pressure (PREF) fluid enthalpy (HIN), mass flux into
the system (GIN), and the average power generation rate (AFLUX), expressed as
an average linear heat raté in kW/ft or kW/m. The initial pressure (PREF) and
enthalpy (HIN) are used to determine the initial properties bf the fluid in
the VESSEL. During the calculation the entha1py “and pressure change with the
system behavior, depend1ng on. the. state of fluid flowing 1n or out of the
vessel from other components and the 1oca1 heat generat1on rate.

The 1n1t1a1 .mass flux speC1f1ed 1n GIN for the VESSEL is not, in general,
compatible with the initial pressures, which are ca1cu1ated based on gravity

co

head losses only. The code must iterate to a correct solution. It is usually
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most expedient to specify the 1n1t1a1 mass f1ux as zero; i.e., a,"standing
start " unless the problem involves single- phase flow at a nominally uniform
flow rate in the system.

COBRA/TRAC does. not current]y have a steady-state 1mp11c1t so]ut1on
capab111ty. ‘Since many of the trans1ents that the code w111 be. used to
__calculate beg1n from a’ steady state cond1t1on, the prob]em must be | 1n1t1a11zed

“with a transient ca]cu]at1on that br1ngs the system from the 1n1t1a1 j_’
‘cond1t1ons spec1f1ed by GIN HIN and PREF to the requ1red steady state ,

" Condition. Th1s is"a re]at1ve1y s1mp1e process but it requ1res that the user
know what he 1s do1ng Sect1on 3 6 d1scusses the recommended procedure.

_ The 1n1t1a1 power in the vesse1 is spec1f1ed by the variable AFLUX on:
card VESSELl 3., Un1ess mod1f1ed by a power forcing function in group 11, the

1n1t1a1 va]ue of AFLUX remains constant throughout the transient. AFLUX is .

the average 11near heat generat1on rate per active rod.. The power generation

'ﬁ"rate 1n the act1ve nodes of a rod is given by

'”"b:j;‘AFLUX*RADIAL(N)*AXIAF(J,NY'.,,_',fd; RNERTY

norma11zed rad1a1 power factor for rod N

(from 1nput group 8) o

norma11zed ax1a1 power factor for rod N

(from axia1 power prof11e for rod N) at ax1a1 1ocat1on J
The ‘total. 11near power generat1on rate for a g1ven VESSEL 1s _W“'

" wheré -RADIAL(N)*

AXIAL(J N)

 NROD'. NODE -

Q: =T 5 Q! e (3.13)
T - m=l"' ""n=1 n. o - L
where - NODE = total number of active (i.e., heat generating) axial nodes in
rod N
NROD' = total number of active rods modeled in the VESSEL

Note that NROD' is not necessarily the same as NROD, specified in group 8. A
rod specified in group 8 can model any number of actual rods. In general,
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NROD' = RMULT(N) L (3as)

3.3.2 Group 13: VESSEL Component Mesh Ceii Boundary Conditions

Two main types of boundary conditions can be spec1f1ed by input in };”
Group 13. These are 1) 1n1et or outiet boundary conditions on channeis and 2)
spec1f1c boundary conditions on particular ce]]s w1th1n the mesh for both the
verticai and transverse controi voiumes. Iniet or. outlet boundary conditions
must be spec1f1ed for channeis that do not have verticai connections to other
channels in the system at their iniet or outiet. (This, obv1ousiy, must
include the inlet to channel’s in Section 1, and “the outiet of channeis in the
last-section NSEC. - But other channels within’ the ‘stack of sections can be
unconnected at the top or bottom to other’ channeis ) Mesh ceii boundary
“conditions may be appiied wherever. needed “on’ any face of any ce]i w1th1n the
vessel mesh. But only one boundary condition ‘can be’ appiied to any one node.

. The number of channe1 _mesh. ce]l boundary conditions -- including inlet,
outiet and internal mesh celis -- in a given problem is specified by the value
of NIBND on card. VESSEL13 1. The NIBND boundary conditions are.-set by reading
card VESSEL13.4 for each boundary, specifying the channei number
(IBOUND(1,M)), axial node. number . (IBOUND(2 M)) boundary type number
(ISPEC(M)), the first boundary va]ue (PVALUE), and the, second boundary value
(HVALUE), on card VESSEL13 4 The boundary conditions that can be specified:
for channel mesh cells are Tisted in Table 3.1 below. The spec1f1ed boundary
values are pressure and enthalpy or flow rate and enthalpy, and either or both
of them can be modified by forcing function tables. The forcing functions are
'identified by table number in parametersaNPFN‘and NHFN for the first and
second boundary values, respectively.
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TABLE 3.1. Channel Boundary Condition Types

Boundary Type Number : ... Boundary condition. - -
pressure and enthalpy

‘ , ~flow rate and- entha]py
3 o flow rate only (entha1py taken from that

of the cell the flow rate convects from)
- 4 mass source and enthalpy .-

pressure sink and enthalpy”

If a type 1 boundary condition is specified, the pressure ‘in channel
1 = IBOUND(1,M) at node J = IBOUND(2,M) is set to PVALUE and ‘the entha]py of
any flow into the system across that boundary is set to HVALUE For a type 2

“boundary condition, the flow at the top face of node..IBOUND(2,M) in channel

IBOUND(1,M) is set to PVALUE and the enthalpy to HVALUE. The flow may be
either -positive or negative. For a type 3 boundary condition, the flow is set
to PVALUE and HVALUE is not used. This boundary condition is used to shut off
vertical flows within the mesh or to -specify flow into or out ‘of the top of a
channel, where it is not desirable to specify the node enthalpy, as is done
for a type 2 boundary A type 4 boundary is used to spec1fy 3, mass source in
any cell. PVALUE is the source mass flow rate and HVALUE. is the source o
entha1py; A type 5 boundary 1s used to spec1fy a pressure sink connected to |
any mesh cel]. PVALUE 1s the s1nk pressure, and HVALUE the entha]py of the
fluid in the sink.

In addition to the ax1a1 boundary cond1t1ons, the transverse flow between
channels connected by a gap can be shut off at any elevat1on ‘within the vessel.
by spec1fy1ng 1nput for card VESSEL13 7. Th1s 1nput is read 1f NKBND is
greater than zero NKBND 1s the tota1 number of tranverse mesh ce]]s with
crossflow set to zero The 1nput for card VESSEL13 7 cons1sts s1mp1y of the
gap 1dent1f1cat1on number K. and the cont1guous ax1a1 1evels JSTART to JEND
where the crossflow will be set to zero. Th1s format makes it very easy to .
zero out a sequence of crossf]ows, from J=2toJ = 10, for examp]e. If flow




is to be shut off in more than one segment of a gap, card VESSEL13.7 input can
be specified for gap K more than once, until all of the axial levels to be
zeroed have been specified. '
The general application of the boundary conditions is summarized below: .

Boundary Condition  Internal Mesh Cells Boundary Cells

- pressure and " . no yes
enthalpy (type 1).

mass flow rate and =~~~ no “yes
enthalpy (type 2) .. . .

mass flow rate yes ' yes
(enthalpy unspecified)
‘_(type 3)

jmass source (f]ow o ;_ E yes- - o no -
rate and entha]py) o .

‘pressureys1nk o . yes . no
. (pressure and ' ST e TR T
- _enthalpy)

(type 5) S

. 1atera1 f1ow set . - . yes. .. ... N0 ..
' to zero

Unless otherw1se 1nd1cated the spec1a1 boundary cond1t1ons .applied to

- cells as spec1f1ed in group 13 are constant 1n time. The. user. may, however,
VSpec1fy forc1ng funct1ons on PVALUE or HVALUE for any or a11 of ‘the special "
boundary conditions. The number of forc1ng functions is spec1f1ed by the

value of NFUNCT on card VESSEL13 1.

“The forc1ng funct1ons on the spec1a1 boundary cond1t1ons are spec1fied in
the same’ way ‘as any other forc1ng funct1on in the VESSEL 1nput--as tab1es of
forcing funct1on factors versus t1me. The number of e]ements in a given table
is.read on card VESSEL13 .2 as NPTS then NPTS pa1rs of (ABSCIS(K I), L
ORDINT(K, 1)) are read on card VESSEL13 3. The ABSCIS array. contains the. = .
transient t1me, in seconds, when the correspond1ng forc1ng funct1on factor n,,;
ORDINT is to be app11ed ORDINT 1s def1ned as the rat1o of the va]ue at time
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ABSCIS(K,I) of the parameter being forced and its initial value. The factor
is determined at any given time-step by- 1inear interpo1ation in the forcing
function table. The forc1ng funct1on tables are numbered sequentially from 1
to NFUNCT in the order they are read in.

If a pressure s1nk boundary cond1t10n (i.e., type 5 ‘boundary condition)
has been specified for a. cell on card VESSEL13. 4, add1t1ona1 information
describing the sink geometry must be supplied on card VESSEL13.5. Flow in or
out of the sink is defined for a special control volume,. as shown in
Figure 3.28. The flow area of the control volume is ASINK and the length of
the cell is DXSINK. The sink boundary condition‘usua11y¢models a real hole in
the system, such as a pipe penetration. In such cases, ASINK is the flow area
of the hole. The control volume length, DXSiNK, should be on the order of the
centroid length of the channel in which the sink lies. The flow in and out of
the sink .generally encounters some unrecoverable pressure 1oss due to -
expansion at the orifice, and the loss coefftcient*associatedruith the sink
flow is defined by SINKK on card VESSEL13.5. The type 5 boundary conditions
_ are numbered sequentially-within the code in:the order they are'read in:on

card VESSEL13.4. Card VESSEL13.5 should be read for the:sinks in theé same
- sequential order, Card VESSEL13.6 is .read for.the flow area-of mass sources °
in the same manner._ _ : ' '

3.3:3 VESSEL Connections’' to One- D1mens1ona1 Components

" ‘The. one-d1mensiona1 components connect to the VESSEL components through_
‘Junct1ons in exact1y the same manner that they connect to other one-
dimensional components. The connect1on 1nput 1dent1f1es the number of
connections to the VESSEL component and defines their 1ocat1ons. The number
of connections to the VESSEL (NCSR), s read on card COBRA.4. A VE§SEL‘must
have at least ‘one.connection to ‘the rest of the system and usua]]y has more o
than one. (A VESSEL ‘modeling a full-sizé reactor vessel, for examp1e m1ght'
have four junctions in-the downcomer ‘charinels to- connect components mode11ng'ﬂ
‘the cold leg piping, four more Junct1ons in upper plenum channe1s to connect
components modeling the hot 1eg piping, p]us several Junct1on connect1ons 1n
the upper head channels to connect components mode11no upoer head 1n3ecf10n '
lines.) o . . . , , o : :
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FIGURE-3.28. Control Volumé“for Pressure Sink Boundary Condition *

The-locations in. the VESSEL- component of the NSRC connections are read on
card COBRA:5. The-one=dimensional ¢omponént is connected to a specific cell
in-the VESSEL: This cell is identified by channel number (ISRL(N)) énd‘aXié]\
node number (ISRC(N)). One-dimensional components may be connnected to the
bottom, top or side of the mesh. ce]] depend1ng on ‘the- geometry of -the-system .
-being-modeled. - If the f]ow enters at the top of the ce11 or from the s1de,
_the “axial. node number ISRC(N) is. entered as a. pos1t1ve va1ue J. If the flow

enters at the bottom of the ce11 however,»ISRC(N) 1s entered as the negatlve
of the node index number. B '

For the connect1ons on the side of a cel] the“input for ISRF(N) -
1dent1f1es the index number of the gap -that -faces the one- dimensional
component.c ISRF(N). is zerow1f.the_connect1on ‘15 on a:side and -faces a solid -~
wall rather than a gap. (An example of this type of connection is a cold leg
penetrgtion in the ddwngomer.)~tISRF(N)gshould_beyset to negative one (-1) for
connectidns at the top or. bottom. of a cell.. The information provided by the
signs of‘}SRC(N)‘and;ISRF(N) is. used. to determine the correct direction for
the momentum of the fluid entering the VESSEL component through the
one-dimensional component.
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The VESSEL connnects to a one-dimensional component through Junct1on
number JUNS{N). This junction number is 1dent1f1ed w1th the end of the one-
dimensional component connected to the VESSEL. The’ components connected
directly to the VESSEL are usua]ly PIPEs, TEEs, PUMPs or VALVEs BREAKs,
FILLs and STeam GENerators should not be connected d1rect1y to the VESSEL
however, -these components ‘can be: connected to the: other end of ‘a PIPE or TEE
that connects ‘to the VESSEL. . T R S

3.4 SPECIFICTION OF OUTPUT OF RESULTS FORVESSEL COMPONENTf"

"The output data generated for the VESSEL component 1s cons1derab1y o
d1fferent from that for the one- d1mens1ona1 components.' It is 1n general A
'cons1derab1y 1onger ‘and more comp1ex. (See Sect1on 4 for a d1scuss1on of the
conventional output for the sample prob1emv) The user has opt1ons to 11m1t
the output to only those VESSEL elements of special interest or to expand the
output to include information n0ti0rdinari]y*§pecfffedf*TThe"{nput”to'specify
the form ‘of the output desired ‘for the VESSEL® component is’ supp11ed in group
-14,: which is discussed in Section 3.4.1: : P SRR

" Data for graph1ca1 presentataon of the ca1cu1at1ona1 resu]ts can be saved
for both the VESSEL ‘and ‘the one dimens1ona1 components Th1s helps prov1de a
comprehens1b1e and accurate p1cture of what the ca1cu1at1on 1s do1ng.“wThe
capab111t1es of the’ GRAFIX program that processes the resu1ts from the =
'COBRA/TRAC calculation are discussed in the Programmer’s:Manual (Volume: 5).
The -input -instructions for GRAFIX are 1isted in-Section:2.6 of Volume 3. But
before this feature can be used the ‘graphics- dump tape must be created" dur1ng
the calculation. ' The input to set up the graphics dump is discussed in
Section 3.4.2. : S ST

3.4.1 Group'14' Line- Pr1nter Output Opt1ons for the VESSEL Component |

Group 14 offers the user f1ve separate choices for the format of the -
VESSEL output. These are specified by the value of N1, read on card
VESSEL14.1, as | B



1 - channel data on]y .
A_fnchanne1 and gap data only

1

PO 2 - “ s

4 _gufﬁrod and unheated conductor data on1y
e

‘vﬁyirod,,unheated conductor and channe] data on]y
,_S_%¥rod unheated conductor channe1 and gap data.

In: add1t1on -the user may ,specify by index number -the channels, rods, gaps or
unheated conductors the printout should include, if he does not want-to see
all of them. This is done by setting NOUT1, NOUT2, NOUT3, and NOUT4 on card
VESSEL14.1 to the- number of channe]s, rods, 'gaps and unheated conductors, -
respect1ve1y, to be pr1nted out._ For most cases, the user w111 se]ect Nl = 5,
and set NOUTl NOUT2 NOUT3 and NOUT4 to zero, so that a11 channe]s,‘rods,
-‘gaps and unheated conductors w111 be pr1nted. The opt1on to 11m1t the output
1s useful ma1n1y for very large problems.

: Two add1t1ona1 -printout options spec1f1ed on card VESSEL14.1 are IPROPP
and IOPT. 1&f;1PR0PP is .specified as a .positive integer; the fluid properties
tab]e”used in the code :to calculate local fluid-properties in the VESSEL =
component will be printed out. If the user .does:not need this:information, he
_can suppress the pr1ntout by sett1ng IPROPP to .zero. The var1ab1e IOPT Tets

| the user request add1tlona1 channe] output 1nformat1on, wh1ch .includes the
vapor and 11qu1d 1nterfac1a1 drag forces, vapor and entra1ned droplet . .. .
1nterfac1a1 drag forces, and 1nterfac1a1 heat transfer coeffic1ents. ;’

e If the user specifies nonzero values -for NOUTl,rNOUTZ,.NOUTB or NOUT4 on
card VESSEL14.2,-he must -identify- the -index -numbers- of-the-specific channels,
rods;. gaps-.or unheated conductors he.wants to see:printed out. - The NOUT1
channel numbers are specified in array PRINTC(I) on card VESSEL14.2; the NOUT2
rod numbers are specified in array PRINTR(I) on card VESSEL14.4; the NOUT3 gap
numbers are spec1f1ed in array PRINTG(I) on. card VESSEL14.3; and the NOUT4
unheated conductor numbers are spec1f1ed 1n array PRINTS(I) on card ‘
VESSEL14.5, " ; B oo

3.4.2 Graphics Options

The graphics input options are used to create special data files, one for
computer-generated movies and one for input to the graphics program GRAFIX.
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‘It is recommended that the movie option be {gnored for thée timé Being.
Particlestracker movies are neither Simple nor inexpensive ‘to make, and
generatfngﬁthefdata'isfbutfthé'firsﬁ'step in a’1ong process.. Thefpartfcle'?
tracker movie “software is still under dévelopment and will be documentéd
separatély at'ad Tater date.- The ‘graphics option) however, is: 1nd1spens1b1e ‘
for analyzing long and comp11cated s1mu1at1ons. ' o o

“ " The usér needs to spend Some” time ‘thinking -about the plots ultimately
neéded”for*the’simu1atfoh”” Trie' following questions need to be answered before
the simulation i's begun S o

. For what components shou1d data be saved?

) How often should: data be. saved for the p]ots7

Properly used, the graphics options will allow the user'to save data for dny
or all ofgthefcomponents,¢at any reasonable. interval -throughout the

‘. The variables saved for a one-dimensiohal component in'the graphics’ dump -
include portions of ‘the fixed length table: and- the’ variable Tength table for
that' component{d):: The geometry arrays and computational” variables for the
component’ are‘also: §avea:tinc1udfng*tn€’f1bw area, ”hydrauiiEEdiameter 'phasé*;'
densities, mixture velocities, 11qu1d and vapor fract1ons, phase temperatures
and*wall- temperatures for each ce11 ‘ : o R

o

"d1mens1ona1 components ‘ The user has the opt1on of spec1fy1ng a norma] .
graphics dump for the vesse], or a very short dump For each ce]] of each
channel the normal graphics” dump for the vessel ‘saves the pressure; 11qu1d
fraction; vapor fraction,’ entra1nment fract1on, phase entha1p1es, phase
densities, 11qu1d flow rate, vapor flow rate, ‘heat depos1ted to the” 11qu1d
heat depos1ted to the vapor entra1nment rate, “de-entrainment rate hydrau11c
diameter and interfacial ‘heat~“transfer coefficients, p1us severa1 useful
variable flags. For every “transverse momentum ce11 (1 e., every ce11 of every

(a) See VoTume 5 the Programmer s Manua] for-a description of:the contents
of these” tab]es for each component
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gap), the normal graphics dump saves the 1iquid crossflow, vapor crossflow and
entrained crossflow...-For each axial level of each rod the.normal.vessel dump
saves -1iquid.and vapor temperatures of_the.f]uidﬁseen,by:the,rod,iheatv_
transfer.coefficients to the‘1iquid and vapdr, rod power, rod temperature and
Tocal:-heat transfer mode.. This -amount: -of data even. for a moderately-sized .
VESSEL component can result in a data f11e too large to: ‘manage.

) If,thq‘norma1;VESSEL graphics dump is -too big.or is -not needed, the short

dump .option can be used.  The -user,specifies (by. channel, rod or.gap.number
and axial level index) precisely which variables to save for the .vessel
component. This is often the on]y feas1b1e way to save graph1cs data for a
large VESSEL component. The norma] VESSEL dump is f]agged by sett1ng IGRFOP
to zero on GRAF.2. If the short dump 15~required, IGRFOP is" ‘equal” to the
number of variables saved. o .. ;. o ae el -

The number ‘of cofiponents for which’ graphics data may be saved is
specified on card GRAF.2 as NCGRAF and the maximum number of graphics dumps to
be made is-specified in.MXGDMP. A Both of these values are.constrained by
dimension parameters. . NCGRAF must.be equal to MH,-and MXGDMP must:be no . ~.
greater than MI; (see Section 2.5 Table 2.1 for a.complete definition of MH:
and.MI). . It should:be noted that MXGDMP: cannot be.changed in the course of a:
transjent%ﬁ:The&initial.ihput‘value;qf MXGDMP,is?used.tO‘getermine,the:sjze~of
file TAPEll, the graphics dump file, and is:-used subsequently in calculating -
locations of dumps for the various time steps. If it were changed in the
course of the trans1ent on a restart the code would not be able to 1ocate the
correct place to" read or write data 1n the TAPE11 fi]e.'“ :: '

The short graph1cs dump for the vesse] 1nc1udes an. opt1on to .save data
for 11qg)gﬁ1eve1_ea]qu]atlons (The}nqrmal_dump automatically saves enough. - .
data_for sdthca1cu]atjpns;);>This;pptign reduces the amount of -data that must
be written tq.fi]e_TAPEli for_the calculations by performjng.partsof,the ,
calculation in COBRA/TRAC. Instead.of saving.the area,.void fraction and.ceI]
1ength}for.evernge11_ih{every_channelf1nc1udedﬁjn the .liquid level E
calculation, the code performs the liquid level calculation and saves only the
height- of each 1liquid level specified. But to do th1s, the user must tell the
code the channéls and ‘axial levels for which the ca1cu1at1on 15 to be
performed.
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For a group of channels within a single section, the input to define the
liquid level calculation is re]at1ve]y stra1ghtforward The input, read on
card GRAF.3, consists of the number of channe1s in ‘the: sect1on that are to be
included in the ca]culat1on (NCHLL(N)), the beg1nning and end1ng continuity
cell numbers, (JSLL(N) and JELL(N)), and the index numbers of the channels
involved, (ICLL(I N)) ~An example’ of the geometry for this type of 1iquid
Tevel ca1cu1at1on is shown in F1gure 3. 29, and the correspond1ng 1nput for
card GRAF. 3 s shown below. o ’ P E

NCHLl_i‘(N)F' JSLL(N)  JELL(N)  ICLL(I,N) |

9 3 4 15 16 17 21 22 23 27 28 29

This inbdtﬂresu]ts in. the ca1cu1atfon of the 1iquid§1eve1 over the axial
length from node 3 to node 4 in the 9 channels which model the core inlet
reg1on above the Tower core support plate.

3 For a 11qu1d level calculation that inc]udes channe]s in d1fferent
sect1ons, “the “input is s11ght1y more comp11cated The number of channels 1n
the first” sect1on to be included in the calculation is entered in NCHLL(N) as
before. JSLL(N) 1s spec1f1ed as the beg1nn1ng ax1a1 level of the ca]cu1at1on
in the sect1on. For subsequent sections,  however, the sign ‘of JSLL(N) is
negative 1nd1cat1ng that the 11qu1d level ca]culat1on is to cont1nue through
the section boundary. For the beg1nn1ng section and any 1ntermed1ate
sections, JELL(N) is the top ‘node 1n each of the sect1ons For -the last
section included in that 11qu1d 1eve1 ca1cu1at1on JELL(N) is the ending axial
level in the calculation. Within each sect1on 'the ICLL(I N) array is used to
identify the channels included in the liquid level calculation.



FIGURE 3.29.

Core Inlet - Lower Core Support Plate Section
(Section 2 from full PWR Vessel Model)



i An examp]e of the geometry for a liquid level ca]cu]at1on that crosses
sect1on boundaries s g1ven 1n Figure 3.30. .The corresponding input for- card
" GRAF.3 is given below. : Coe

NCHLL(N) JSLL(N) JELL(N) ICLL(I,N) ” : o :
172 2 211 212 213 214 215 216 217 218 219 -

5 220 221 222 223 224 225 226 221
25 ... =2 .. 3. 237 238 239 240 241 <242 243 244 245

246 247 248 249 250 251 2520 253 254
255 256, 257 258 . 259 260 261

21 -2 3 262 263 264 265 266 267 268 269 270
o S 271 272 273 274 215 216 271 218 279
280 281 282 | .

This input yields a liquid level calculation over the vertical height length
from node 2 in section 8, through section 9, to node 3 in section 10, in the
channels that model the upper head;~Mjr

- The identification numbers of.. the components for which graphics data is
to be saved are entered on card GRAF 4 in array IGRFIT(I) Up to NCGRAF
values can be specified, but zeroes may be entered if fewer than NCGRAF
components need to bersayed. “It dis poss1b]e to change‘the input specifying
which components to‘dumb7in the Course Of‘a'tranéient bdt it must be done
cautiously. The IGREIT array serves to determ1ne what. order the components
are written to TAPEll,. and once a component has been glven a particular slot,
it can only be deleted -- 1t cannot be changed New components must be. added
at locations in the IGRFIT array that were prev1ously zZero. .

This convention can begt.be,exp]a1ned bybexamp]e. -Suppose that a system
of two components is setnUp for a 100 second‘transfent. Initially, the system
consists of a pipe and a vessel. Both the pipe (component number 1) and the
vessel (component number 2) are of interest, so graphics data is saved for
them. The simulation is run from O to 25 seconds. The calculation is stopped
and restarted with the pipe component replaced by a new
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pipe component (number 3) and a break component (number 4). - Component #1 is
gone, and it is desirable-to save the data for the new pipe and break .
.components.without losing the data for the original pipe. . The simulation is
restarted at 25 seconds and run.to completion at 100 seconds.

‘The IGRFIT array, input on card GRAF.4, is used to specify the compohEﬂts
to save. The following two sets of cards (GRAF 2, GRAF 4) wou]d be used for
the above example: - e s

5 - . R PR o . . Lyt

Set 1: .run from 0 to 25 seconds, .saving data for -components 1 and-2;

" GRAF.2 o T :
‘4 "100 0 0 *f ~ ° °  (NOTE: NCGRAF=4 implies MH=4.)
GRAF.4 )

12 000

Set 2: run from 25 to 100 seconds, saving data for components 2, 3 and 4;

GRAF:2
410070 0
~ GRAF.4
02 3 4

The. th1ng to. remember about the IGRFIT array data is that it is posit1on-
dependent. . Once a component has been assigned to a- Tocation..in -the; IGRFIT,
that 10cat1on_cann9t be changed, other than to zero it.



3.5 ONE- DIMENSIONAL COMPONENTS .

The one-dimensional“components in COBRA/TRAC ‘are modules deve]oped for
TRAC-PD2 to model: the reactor :primary- system. ~These -components provide models
for accumulators, pressurizers, pipes, :tees, pumps,. stéam‘generators -and -
valves.. . In addition, there are two modules.that provide boundary conditions
for_pér;s_ofvthé system not modeled, consisting of‘qither.a pressure
sink/source or a flow boundary. |

This section is intended primarily to aid the user in understanding how
to set up the input data for the one-dimensional components. The input in
COBRA/TRAC is unchanged from TRAC-P1A, and the discussions for the various
modules have .been 1ifted virtually intact from a draft of the TRAC-P1A ‘
Manual. (The solution of the conservation equations, however, has been
updated to the capabilities of TRAC-PD2.) Users wishing a more detailed
understanding of the solution procedures and models for the one-dihéﬁéiona]
components are referred to the TRAC-P1lA (Ref. 2) and TRAC-PD2 (Ref. 1)
manuals. ) :

In the process of learning to set up the one-dimensional component..input
data in COBRA/TRAC, a few things were discovered that were not=EXpTicff1y
stated in the TRAC manual, and should be brought to the attention of “the. new
user. These are listed below. o "

e The end nodes of a component that form a junction with an adjacent
component must have the same flow area "(FA)“and hydraulic d1ameter (HD)
as the adjacent node on the other side of the’ Junct1on (Th1s is because
there is actually only one node 3t the Junct1on, even though the 1nput

variables must be defined on both components.)

o The additive friction loss coefficient specified for each node of a
component in the array FRIC is defined for node N by

KD(DHN)

N~ TEX, ¥ X

(3.14)
N N-1'

FRIC
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V2

where Ky = dimensionless loss coeff1c1ent for dp = Ky P 75
- DHy = hydrau11c d1ameter of cell. N adjacent to node NG
, C?AXN = length of ce11 N adjacent to. node- N ..
: <AXNe1¢= 1ength of ce]] N 1 (on. the "other side" of node N)

° The.so]utioh for:the one-dimensional “components has*bu11t41nmform loss
coefficient equations for calculating the form draj at sudden area
changes. These are flagged by setting the value of NFF at a node N to-
the negative of the friction correlation.flag. For. a sudden expansion or
orifice‘offhegljgjbleh1en§th,,the built-in form loss. is

ﬁK\oéﬁl-j?(Kl)yi(WhEFE'A1T>,AZ) o e (3418)

For an abrupt contraction, the.built-in form loss -is.

N Y L2 e
, ;
Kp-= 0.5 - 0.7. ( )+ 0.2 . (7‘?) cooen (3.16)

(If the bu11t—1n form 1oss corre]atlons are flagged by spec1fy1ng a
negat1ve value 1n the NFF array, the form 1oss coeff1c1ents due to area
change at that 1ocat1on shou]d not be spec1f1ed 1n the FRIC array. It 1s
”poss1b1e, however, to mode] an add1t1ona1 loss at that 1ocat1on that 1s
due to some other 1mped1ment to the f]ow us1ng a FRIC array e]ement )

3. 5 1 Accumu1ator

An accumu]ator is a pressure vesse] f111ed w1th Emergency Core Cooling -
(ECC) water and pressurized with nitrogen gas. During normal operation each
accumulator is isolated from the reactor primary coolant system by a check .
valve. If the reactor coolant system pressure fa]]s below the accumu1at0r
pressure, "the check valve opens and ECC water is forced into the prlmary

[

coolant system -



An accumulator component‘is’STmuTatEd’by"the”AcbunlmoduTe\jn
COBRA/TRAC. This modulé can have only one junction connectioh to other
components. This connectionais'at"theﬁhighest'numberedvceTT;aNCELL. Cell 1
is assumed to be ‘closed off, as shown in the typical accumulator noding
diagram in. Figure 3.31.. It is assumed-that: the accumulator is not connected
to a nitrogen pressure. source; so the nitrogen pressure results only from the

expansion of the initial-gas voTume. S

" The procedures for data’ 1nput, 1n1t1a11zat10n of arrays, advancement of
time-dependent variables, and editing are similar to that given for a PIPE
component (see Section 3.5.3). However, in an accumulator the vapor phase
properties are those for nitrogen gas. The hydrodynamics are treated using

- the "one-dimensional, semi-imp]icit‘drift-fTux routine, DF1DS. Drift

velocities are not obtained from the SLIP routine as is the case in PIPEs, but
are specified in subroutine ACCUM1 to produce a sharp 1iquid/vapor interface
during accumulator discharge. Additionally, pure iiquid ¥s-discharged”from
the accumulator until the calculated collapsed water level reaches 90% of the
height of the last mesh cell. When this occurs, the accumulator is modified
so that the last cell has a zero flow area at its upper surface and the void
fraction in the cell is set to Q. 1.3 After this time the discharge properties
are not controlled, and vapor-phase properties are those for steam s1nce
noncondensible- gases are ‘not treated in th1s vers1on of the code '

The waTT fr1ct1on coeff1c1ents 1n -an ACCUM component are set to 0 005
but the add1t1ve fr1ct1on factor FRIC at each ceTT ‘edge. can be spec1f1ed by
the user. The waTTs of an accumuTator are assumed to be ad1abat1c. L

The output ed1t is s1m11ar to the PIPE one- d1mens1onaT component with the
addition of three variables specific to an accumulator: the d1scharge
voTumetr1c flow rate,” total 11qu1d voTume d1scharge and coTTapsed T1qu1d
level. ‘ o e R S

3.5.2 BREAK and FILL ModuTes a.” .

These modules d1ffer from the other component modules in that they do not
model any system component per se, and no hydrodynamic or heat transfer ..
calculations are performed for them. In all other respects, they are treated
as any other component, with the same input, initialization and
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 1 - INITIAL GAS VOLUME (Nz)

EFFECTIVE -
. VOLUME OF
LIQUID DISCHARGE

90% OF HEIGHT OF
LAST MESH CELL

FIGURE 3.31.. Accumulator Noding Diagram

"j;dentification procedures. The BREAK and FILL modules are used to impose
‘boundary conditions at any one-dimensional component terminal junction.

The BREAK module. imposes a pressure boundary condition (which may be time
dependent) one ce11 away from 1ts adjacent component ‘ds’ shown in
Figure 3.32. The vo1d fract1on and fluid. ‘temperature. associated . w1th the
BREAK may be specified as a funct1on of t1me.. This modu]e can be used to
model any pressure boundary on the system, such as the conta1nment in LOCA
calculations or the pressure suppress1on tank in blowdown exper1ments..

_ The FILL modu]e 1mposes 3 velocity boundary cond1t1on (wh1ch may be time
dependent) at the junction between the:FILL:-and its adjacent component, as
shown in Figure 3.33. FILLs may.be{used;to;fiiwthe mass flow of either vapor
or liquid at a junction. ECCS injection may be modeled with a FILL. The FILL
velocity can be a function of time or pressure, with or without trip

control. Five control options are provided for specifying the type of FILL.



BREAK COMPONENT
ADJACENT COMPONENT _,|<_ P‘

T T PRESSURE SPECIFIED
JUNCTION AT THIS POINT

~~ FIGURE 3.32. Break-Noding Diagram

~Fl LL COMPONENT

ADJACENT COMPONENT _.>|<_ _.>|

- VELOCITY~ SPECIFIED T
, NHA‘T__THE JNNCT'QN o

FIGURE 3.33. Fill Noding Diagram
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The parameters needed for specifying BREAKs and FILLs are descr1bed in
the Sections 2.2.2 and 2.2. 3. of .this manual. It 1s suggested ‘that the cell
volume- (VOLIN) and 1ength (DXIN) in-FILL and- BREAK components be the same as
“those for the ne1ghbor1ng cell in the adJacent component. The temperature and
vapor fract1on spec1f1ed 1n FILLs and BREAKs are used. to determine the :
properties of fluid convected into the adjacent component if an"inflow =
“*condition should occur. These components may be connected only to other:one-
dimensional components. They may not be connected directly to the VESSEL
component.

3.5.3 PIPE Module

The PIPE module is'used to model‘thermaiQHYdrau1ic flow in a one-
dimensional duct or pipe. A PIPE can be used alone in a problem or can
connect other components together to mode] A system, . Area changes, wall heat
;s sources and heat transfer across the 1nner and oyter wa11 surfaces -can. be.

A mode]ed 1n the PIPE component Mater1a1 propert1es for sta1n1ess steel (304
316 and 347) carbon steel A508 and Inconel 718 are ava11ab1e for represent1ng
the wall materlal in the wa11 conduct1on ca1cu1at1on

e F1gure 3 34 shows a typ1ca1 nod1ng d1agram for a PIPE conta1n1ng a . \
ventur1 and an abrupt area change The numbers w1th1n the PIPE. 1nd1cate cell
numbers, and those above 1t are ce]] boundary numbers The geometry. is .
spec1f1ed by prov1d1ng a vo1ume and_ 1ength for each ce11 and a flow area.and
hydrau11c d1ameter at each ce]l boundary.u The Junct1on var1ab1es JUNL. and
JUNZ prov1de reference numbers for connectlng th1s pipe, to. other: componentsb

The user must spec1fy the degree of implicitness in the numerical
hydrodynamlcs so]utlon method the ‘noding for wall ‘heat transfer, and. .
corre]at1ons to be used for CHF and wa]l fr1ct1on factors in the PIPE 1nput.
Most PIPEs should be treated with. the faster part1a11y 1mp11c1t numerical
:hydrodynam1cs opt1on (IHYDRO 0). However when very high flow velocities
are expected, as in a pipe adjacent to a break, the fully implicit
hydrodyamics option (IHYDRO = 1) should be used.

The noding in a PIPE with implicit hydrodynamics modeling critical flow
were investigated for a number of experiments and the resuits reported in
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FIGURE 3.34. Pipe Noding Diagram ~*V;ts,___¢

o

TRAC-PIA Development Assessment (Ref 3). . The reg1on of a p1pe exper1enc1ng
cr1t1ca1 ‘Flow must be modeled with extreme]y short nodes, as shown 1n ' T
Flgure 3.35. This f1gure shows the PIPE nod1ng reported 1n reference 3 for

“thé Edwards blowdown exper1ment.

'.J‘

Wall heat transfer can be om1tted by sett1ng the number of heat transfer
nodes {NODES) to zero. The user can choose one’ of three methods of o
calcu]at1ng CHF, or th1s ca]culat1on can be bypassed by sett1ng the 1nput

parameter ICHF to Zero. Wall fr1ct1on and Tosses due to abrupt area changes

are chosen’ by sett1ng appropr1ate va]ues of the 1nput arrays NFF and FRIC at
each cell interface:’ The va1ues for’ the NFF array flag spec1f1c frict1on o
factor correlat1ons “and’ the va]ues for the FRIC array are 1nc1uded as TocaT
additive losses. - - R R '

While a PIPE Can be" connected to any other component, 1nc1ud1ng another
PIPE, it is ‘usually a good 1dea to keep the number of components to a
minimum. It shoqu aTSo be noted that the 3unct1on between two 1mp11c1t PIPEs
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is treated as partially implicit so that some of the advantages of using'the
implicit hydrodyamics are lost if a continuous pipe is modeled as two separate
PIPEs. ' '

When using the sem1 1mp11c1t hydrodynamics, the lengths of adjacent cells
should not be exceed1ngly d1fferent This can lead to calcu]at1ona1
1naccurac1es, espec1a11y when a long volume follows a short volume. It is
recommended: that the change in cell lengths should not be greater than a
factor of 1.2 between adJacent cells or across a Junct1on boundary.

During the execution of a problem, the so]ut1on procedure is controlled
by routines PIPEL,: PIPE2 and PIPE3. = At the beg1nn1ng of each t1me step, PIPE1
‘calls SLIP to obtajn re]atqve velocities, FWALL. .for wall fr1cp1on and orifice
loss coefficients, MPROP for wall metal properties, and. HTPIPE to obtain wall
heat transfenaeoefficiente, During the iterations for a fime_step, PIPE2
calls DF1D %Qr the numerical hydrodynamics solution and;Jinto update boundary
arrays. After a time step.is successfully completed, PIPE3 updates the wall
temperatures with a cai] to CYLHT, computes new fluid prope?t{eé:(viscosity,
heat cabacity and surface tension) with a call to FPROP, and reéets the
boundary arrays with J1D. "If the time step fails to converge THERMO is
called to restore var1ab1es to the1r o]d va]ues and a new t1me step, half the
size of the old one, is tried. : N

Qutput for a p1pe is managed by subrout1nes CNPIPE and WPIPE CWPIPE
transfers data from LCM to SCM and cal]s WPIPE. WPIPE pr1nts out the
--component number;?5Unction_numbers, iteration count; pressures, vapor
fractions, saturation temperatures, liquid and vapor temperatures, liquid and
vapor densities, mixture velocity, slip ratio and wall friction factor. If
wall heat transfer is inc]uded (NODES>0), then information on the heat
transfer regime,’]iquid and vapor wall heat transfer coefficients, interfacial
heat transfer coefficient, heat transfer rate from the wall, wall temperature
for critical heat flux and wall temperature profiles are also printed.

3.5.4 Pressurizer

The pressurizer in a PWR is a large fluid reservoir that maintains the
pressure within the reactor primary coolant system and compensates for changes



in the coolant volume due to system trans1ents. During normal operation this
reservoir contains the highest energy fluid in the primary system. It is
usually maintained about 50% to 60% full of ‘saturated liquid pressurized by
the saturated steam above it. The-pressurizer pressure is the controlling
source of the primary coolant 1oop pressure ‘and is transmitted by a long surge
1ine connected to one of the hot 1egs '

A pressurizer component is simulated. by the PRIZER module. This module
is normally used to model the pressurizer 1tse1f with the surge line
represented by a PIPE or TEE compoﬂent.~ Asfshown in a typical noding diagram
in Figure 3.36, a PRIZER component -can be cdnnected only at one junction to
other one-dimensional components. 'By convention the junction connecton is at
the highest numbered cell NCELL, with‘ce11'i'assumed to be the closed-off end.

The procedures for data 1nput initialization of arrays, advancement of
““time-dependent variables, and editing: are similar to those given for a PIPE
'*éomponent (see Section 3.5.3}. The hydrodynamicsuareu£feated using the one-.. .
dimensional, semi-implicit drift-flux routine, DF1DS. However, drift
“velocities are not obtained from the:SLIPbroutine_gs&is the.-case in PIPE, but
‘*ere specified in subroutine PRIZR1 to produce.a shakp-1iquid/vapor;interface
'5duringApressurizer discharge. . .. ¢ ‘ : ‘

"In a PRIZER ‘component the walls are‘adiabatic, but energy transfer from a
heater/sprayer can be simulated. The primary purpose of this heater/sprayer
1ogic~isenot to;accounthér.addedwenergy but rather.to serve: as:a system
pressure controller. .The user-specifies a-desired pressure setpoint, PSET,"
and the: pressure-deviation, DPMAX,kat,whjch the heaters.input their maximum
power of QHEAT. The power that is input to the pressurizer-fluid-is directly
proport1ona1 to the d1fference between PSET and P(l), the pressure in .
cell 1. That 1s, R

Q. . = QHEAT [f§§%ﬁﬁﬂ§illa | (3.17)

input



5
- JUNCTION

» ~“FIGURE 3.36." "Pressurizer:Noding Diagram .~ -

“The maximum value“of Q1nput is - Timited to $QHEAT. -Thisipower is distributed
over allifluid cells in the pressurizer with-the fraction of power input to
each cell equal to the fraction of total liquid mass in that ce11i, Power is
., not. added.if the .collapsed liquid level is-less than.the input parameter

ZHTR. If pressure control. is not desired, QHEAT,isMset‘to,zero.n;

Wall friction coefficients are calculated in'rontine'FWALt by specifying
a-friction correlation option,  NFF, along with additive friction factors, -
FRIC, “for each cell edgé. -The homogeneous. f]ow friction factor 0pt1on o
(NFF = 1) is suggested for a pressur1zer. R

The output ed1t for a PRIZER component is 51m11ar to the PIPE one-
dimensional component with the addition of four variables speciflc to the -
pressurizer: the discharge volumetric flow rate, total liquid volume
discharged, collapsed 11qu1d Tevel and heater/sprayer power input to the
pressurizer fluid. R -
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3.5.5 PUMP Module

” The pump module employed in COBRA/TRAC describes the 1nteract1on of the
. system fluid with a centr1fuga1 pump The model ca]cu]ates the pressure
differential across the pump and its angu]ar ve10c1ty as-a function of the
fluid flow rate and the fluid propert1es. The model 1is designed 'to treat any
centrifugal pump -and can include.twoephase'effects. '

The pump model is represented by a one-dimensional component with N
cells, N must be greater than 1. A typical nod1ng d1agram for the pump
component is shown in'thure‘3.37 The pump- momentum is modeled as a source
(SMOM) that is included between cells 1 and 2. The source is positive for
normal operation with the pressure rise occuring in'going from cell 1 to
cell“2, so it'is. necessary to number the cells so that: the cell number 7
increases in the normal flow direction. ' ' '
| The following considerations were felt to be tmpontant.in creatfng the
pump module: - A

i 1), Compat1b111ty w1th adJacent components should be maximized.
*2) Choking at the pump 1n1et or outlet shou]d be automatically pred1cted

T 3) The calculated pressure rise across the pump shou]d agree w1th that
measured at steady state cond1t1ons ’ e ' :

The f1rst two cr1ter1a e11m1nated the use of a 1umped parameter mode]
Since the adJacent components are usua]ly descr1bed by PIPE modules that are
based on a one-dimensional drift-flux approximation, the pump is treated
likewise. The resulting PUMP modu1e combines the PIPE module with pump
correlations. The pump model is identical to the one-dimensional pipe model
except that a momentum source is 1nc1uded 1n the m1xture momentum equat1on
written between cel]s 1and 27 '

“n+l s S R T A ()

B n N N
Voo- V. (p, -, ) fvi eV | |
st - a7 %z T D oo B
s X "



NORMAL FLOW DIRECTION
' >

SMOM

FIGURE 3 37... Pump Nod1ng D1agram :

where f.is the friction,factor,~cﬂmrepresent$ the convective terms evaluated
at time n and 1.5 refers to the average value between cell.l -and cell 2. _The
source term, SMOM is taken to be

-7 (3.19)

N

where AP is the pressure r1se through the pump, eva1uated from the pump
correlation at the flow velocity v1 5 and density p1 5 w1th this definition
‘of the momentum source the steady state so]ut1on of Equation (3 18) 1s

2 20T I CF )

wh1ch is the des1red resu1t co T TR | *[“'?t T .

It is necessary to eva]uate the momentum source for a pump cell only once
each time step, and the source is needed only during the explicit pass in
DF1DI or DF1DS, which calculates the temporary velocity, V. Numerical results
indicate that eva]uat1ng the pump source at the old t1me (n) is adequate and
that it is not necessary to re- evaluate the source dur1ng the implicit
iteration phase of DF1D. The pump source evaluation is performed by
subroutine PUMPSR.
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The pump'characteristic curVes déséribe'the.pump head anq;tgrQue.réqunse
as a function of fluid volumetric f]dw réte and pump speed. Homd]ogous curves
(one curve segment represents a family of curves) are used for this
description because of their simp]icfty. These curves describe in a compact
manner all operating states of the pump obtained by positive or negative
impeller velocities with positive ok'negative flow rates.

To take into account two-phase effects on pump performance, the pump
curves are divided into two separate regimes. Data indicate that two-phase
pump performance in the vapor fraction-range of 20 to-80% is significantly -
degraded in comparison to its performance at vapor fractions outside of this
range. One set of curves describes the pump performance for single-phase
fluid (0 or 100% vapor fraction), and another set describes it for two-phase
fluid. The pump head at any vapor fractidn is calculated from the

1relationship
where H = total pump head _ -
Hy = pump head from single-phase homologous curves
‘Hy = pump head from the fully degraded homologous curves
- M.= pump. head degradation:multiplier : - ‘
o= vapor~fracti6nap R :

The two-phase hydraulic torque i treated similarly. The following
definitions are employed in the subsequent development: :

AP = pump differential
= pump inlet density
= pump head = %B
Q = pump volumetric flow rate
Q = pump impeller angular velocity



In order to allow one set of curves to be used for a var1ety of pumps,
the fo]1ow1ng norma11zed quant1t1es are used ' '

h =
=9
q =9
0=
Sy

where the subscript Rﬁdenotes the rated condition. -Use of the pump similarity
relations (Ref. 4) shows that - : S :

w

For a small w, this corre]at1on is not satisfactory, and the following
combination is used: AT _

heer® Gy

£
L

The first correlation is used in the'range 0 < q “%.1; :and the second is

used in the range 0 < ﬁ'< 1. The four resulting curve ‘segments, as well as
the curve selection logic used, are shown in Table 3.2.

The dimensionless torque, 8, is defined by

where Thy = hydraulic torque
Tp = rated torque.
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TABLE 3.2. Definition of the Four Curve Segments Used to Descrlbe Homologous
Punp Curves .

. q . . -
Curve Segment " . J.Aw _q_ . Correlation
1 <1 >0 b= f®
4 <1 <0
3 > 1 <0 b
2.
q. s
2 ' >1 - >0
q = normalized flow
w = normalized angular velocity
h =

norma]ized head

The single-phase torque T, is dependent upon the fluid dens1ty and is
calculated from s

where p is the pump inlet density and Pr is its rated density. The density
ratio multiplier is needed to correct for the density difference between the
pumped fluid and the rated condition. For two-phase conditions the impeiler
torque is calculated from '

T=T, - Nl ~T,) . . (3.28)
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where T = total 1mpe11er torque
3 ¢'0’5f£ = 1mpe11er torque from single-phase homo1ogous curves
Ty = impeller torque from fully degraded homologous curves
N(a) = torque degradation multiplier

The homo]ogoﬁg,*ﬁdfhdifzed torque cuﬁde segmedts“are éSFFéiéteaf%n the
same manner as the head curve segments shown in Table 3 2. |
‘ In add1t1on to the homo1ogous head and torque curves, the head
degradation multiplier and torque degradation multiplier defined in
Equations (3.21) and (3.25) are needed. These functions are usually nonzero
only in the vapor- fract1on range where the pump head and torque are either
partially or fu]ly degraded

The pump module treats the pump angular velocity as a constant (input)
while its motor is energized. After a drive motor trip, the time rate of
change of the pump motor assembly is proportional to the sum of the moments
acting on it and is calculated from the equation 3

dsz et e Ly T .
gs [ T (T+Tp+ Ty (320

where 1 = pump motor assembly moment of inertia
T = impeller torque
~Tg .= torque-due to friction'(constant)
Ty, = bearing and windage torque

Tb is assumed to be of the form

Q R o . :

where C is an input constant and QR-is the rated impeller angular velocity.
The 1mpe11er torque is eva]uated from the hvmo1cgous torque curves and
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' Equation (3;25) as a function of the fluid density and.flow rate as well as-
pump angular velocity. For time step n+l, Equation 3.26 1s_eva1uated
explicitly

SPA 1 ) SR T

s sz+.1rv 1{ Ty (8, 0, .Q) ":"1_‘“ ., - (328)

Pump. Options

The wall heat transfer, wall’ fr1ct1on, CHF caTcuTat1on and 1mp11c1t
hydrodynamlcs opt1ons are the same’ for the PUMP ‘module as for the PIPE
modu]e In “addition ‘the foTTow1ng opt1ons are’ spec1f1ed pump type motor '
act1on, reverse speed opt1on, two- phase 0pt1on and pump curve opt1on ' -

If the pump motor 1s energ1zed, 1ts angu]ar ve]oc1ty 1s assumed to be the
constant value spec1f1ed If “the motor is not energ1zed a pump coastdown
"caTcuTat1on 1s performed us1ng the spec1f1ed 1n1t1a1 pump speed. '

There are two pump opt1ons ava11ab]e For pump opt1on 1 (IPMPTY 1)'the
pump speed var1at1on is spec1f1ed by 1nput The .pump. is 1n1t1a11y energ1zed
at a constant speed spec1f1ed by 1nput (OMEGA) The pump motor. may be tr1pped
by a TRIP s1gna1 If a pump tr1p has occurred the pump speed 1is taken from a
table-of. pump speed versus. t1me-after-tr1p (array SPTBL)

“Pump option 2 (IPMPTY = 2) is s1m11ar ‘to opt1on 1 except that the pump
speed is caTcuTated from Equation (3 28) after a tr1p has_ occurred rather, than
from an 1nput.tab1e The reTat1onsh1p between the various pump input. . )
parameters as well as the algorithm for the pump speed calculation are shown
in Table 3.3. The value entered for IPMPTR is the TRIP identification number
for pump trip.initiation and NPMPTX is the number of pairs of points'in the
pump speed taoTe (SPTBL). If IPMPTR = 0, the pump Will mafntain a constant
speed,

If the reverse speed option is specified (IRP = 1), the pump can rotate
in both the forward and reverse directions. If reverse speed is not allowed
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(IRP = 0), the pump w111 rotate in the forward direction only. For this case,
if negat1ve rotation 1s ca]cu]ated (after tr1p w1th opt1on 2) the speed w111
be set to zero. R ‘ N %

If the two-phase option is turned on (IPM = 1), the degraded pump head “
and torque will be calculated from Equation (3.21).and (3.25). If the two-
phase. opt1on is turned off (IPM = 0) only. the single-phase head and torque
homologous curves will be used | A

The user may either specify pump homologous curves in the input or use
the built-in pump curves. The built-in pump curves are for the~uoo11¢g
Semiscale system pump and are based on the data in Refs. 4 through 6.. These
curves, as. we11 as the head and torque degradat1on mu1t1p11ers, are shown in
Figures 3.38 through 3 43. S1nce these homologous curves are d1mension1ess,
they can be used to. descr1be a var1ety of pumps by spec1fy1ng as, input the

rated va]ues for dens1ty,uhead torque f1ow and angu]ar ve1oc1ty

There are severa] restr1ct1ons and. 11m1tat1ons 1n the current vers1on of
the pump module. S1nce there is no_pump. motor torque versus speed mode1 the
pump speed 1s assumed at the 1nput va1ue 1f the’ motor is energ1zed. The pump

*momentum source must be 1ocated between ce]]s 1 and 2 of the pump mode] .

F1na11y, the head degradat1on mu1t1p11er, M(a), and the torque degradat1on )

JEQEE_E_é. Pump Control Input Parameters e

IPMPTY IPMPTR  NPMPTXPTBL Pump Speed
Pump Option Pump Trip I.D.:. Pairs:of Points ' Speed Table “ Algorithm.
1 x=puwpteip x0T  x 7 TOMEGA before
e - -desired . .0 7 o v =Eotrip '
0 =no pump trip’ 0 o | © USPTBL atter'-ﬁ
I I T A CoLo0 L ctrip s
2 X = pump trip X OMEGA before
 desired . . . L. trip
0 =.no- pump. trip 0 Code calculated

after trip
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The PUMP module iﬁbﬂt»consists of the same geometric and hydrodynamic
data and initial conditibns that,ene required for the PIPE module. In
addition, information specific to fhe_EUMRﬁis required, as described in the
ihput specifications. (See,Seqtioﬁhz.z.G.) The speed table (SPTBL) as well 5
as the homologous pumpfcurQe arrays must be input in the following order:

x(1),¥(10,%(2),5(2), ... x(n),y(n),
Here x is the independent variable and y is the dependent variable.

Furthermore the independent variables must be 1nput in a monotonic increasing
order, i.e., '

x(n)M} x(n-1) > ... x(2) > x(1).

Linear interpolation is used within the arrays. . .

3.5.6 Steam Generator

In a pressurized water reactor the steam generators transfer energy from
the primary coolant loop to the secondary coolant to produce steam. The STGEN
module can be used to model either a U-tube or a once-through_type steam
generator. The user specifies the type of generator throughithe input
variable KINd: 1 = U-tube; 2 = once-through. Although there are two
wdifferent<ste6mmgeneratorAdesigns ~the .basic operation -is s%mi]ar for both
types. Primary coo]ant ''''' enters an*inlet plenum, flows through a tube bank to
exchange heat w1th a secondary coolant on the exter1or of the tube -bank, and
is discharged into an outlet plenum. A typical nod1ng d1agram for a STGEN
component is given in Figure 3.44. This figure illustrates’ the modeling
conventions used for this component. On the primary side, cell -1 and cell
NCELL1 are adiabatic and model the inlet and outiet plenums, respectively, of
the steam generator. The tube bank is represented by a s1ng]e tube with flow
area wall area and fluid volume of the entire tube ‘bank.

In the STGEN modu]e, the pr1mary s1de and the secondary side
- hydrodynamics are treated separately, with the wall heat transfer the only
coupling between the two sides. The hydrodynamics of.the primary side are
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FIGURE 3.44. Noding Diagrams for Once-Through and.U-Tube.Steam Generators-. .

solved by ca111ng the one—d1mens1ona1 dr1ft-f1ux rout1ne, DFlDI or DFlnS The
,tube wa]] temperature for each mesh ce11 is he1d constant over. the t1me step,
but the vapor and 11qu1d temperatures are treated 1mp11c1t1y. Next the
hydrodynam1cs for the secondary s1de are so]ved 1n the same, manner. 0nce
convergence has been reached for al system components, a final pass is. made

and tube wa11 temperatures are updated for the current t1me step

The procedures for reading input, initialization of arrays,.advancement
of the .time step, and editing .are. similar to those described:for.the PIPE
module (see Section 3.5.3). ~The.calculational sequence for. the STGEN module:
is identical to that for a PIPE except.that the sequence:of calls is performed
tw1ce -- once for the pr1mary s1de and once for the secondary swde

A]though the procedure for. read1ng <input_data is similar to-a PIPE
module, there are some differences...The.most obvious difference. is the: -
specification of four junction: numbers (see Figure 3.44):. two for the:primary
side connections and two.for the secondary side. Although.it is possible to
connect the secondary side'junctions-to:any;one—dimensional component, the =
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most common arrangement is to model the inlet as-a FILL: and the discharge as a
BREAK. The FILL specifies the secondary side 'fluid inlet conditions and flow
rate at the base of .the tube sheet The'BREAK specifjes“the steam generator
secondary steam dome pressure - P

There is no prov1s1on for mode11ng the . downcomer 1n the steam generator

.. secondary with_ the. one- d1mens1ona1 steam generator component, so the fluid
state .for the boundary FILL must be that of .the water. enter1ng the tube bank
and not simply the feedwater 1n1et conditions. In some caIcuIat1ons, the
inlet conditions at the Iower tube sheet on the secondary ‘side can be readily
deduced. But 1n many cases, part1cu1ar1y transients where the behavior of the
secondary system s1gn1f1cant1y 1nf1uences the results, th1s model is not
adequate. The VESSEL component_can”be used in such cases to model the steam
generator in much;greater detaiI; including the downcomer and carryover from
the steam dome.

" The number of fluid mesh cells on'theuprimary'side'Is.specit{Edmasi*:
NCELL1, and that on the secondary side is NCELL2. There are‘some constraints
imposed on the poss1b1e comb1nat1ons of va]ues for NCELLl and NCELL2. For a
* once- through type (KIND = 2), NCELLZ NCELLl 2 (1 .. 5 on the pr1mary s1de '
cell 174s the 1n1et pIenum, ceIIs 2 through NCELLl 1 modeI the tube bank, and
cell NCELLI'is the outIet pIenum ) Each secondary ceII conta1ns (and v' ">
exchanges heat with) one pr1mary ce11 For a U- tube type (KIND 1) it 1s
- -assumed that two act1ve pr1mary cells, one on the uprow s1de of the U tube
~and the other on -the downf]ow s1de, are. conta1ned in-one act1ve secondary ce11-
(see Figure 3.44). : Thus, NCELL2 must be greater -than or equal to (NCELL1-
2)/2. The secondary side cells that ‘are ' greater. than (NCELL1-2)/2 are treated
as adiabatic and can be included to model: the volume above the tube bank ~(In
Figure 3.44 these are: cells'6 through 8 on the’ secondary side. ) ’

There must be at least one wall temperature node (NODES) in the primary
tube of a steam generator. Three-nodes are suggested for most cases since
this places a node at each tube surface and oné at the tube wall center. ' The
‘tube material is specified with the variable MAT. ~Available material opt1ons
are stainless steel 304, 316 and 317, carbon steel A508 and” Inconel 718. *Two
flags, ICHFl and ICHF2, are used to determine’if a CHF' calculation is to be -
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performed on the pr1mary and secondary s1des, respect1ve1y If CHF
calculat1ons are des1red these flags are set equa] to 13 otherw1se they are
set equal to 0. - A B o - o

A CHF calcu1atlon must be f1agged on the secondary s1de, or bo1]1ng heat
transfer ca1cu1at1ons w111 not be- performed It 1s therefore recommended that
the comb1nat10n ICHFl 0 and ICHF2 1 be used, s1nce bo111ng occurs on the
secondary s1de h If in a part1cu1ar prob]em bo111ng and/or dryout is expected
on the pr1mary s1de, however, ICHFl should be spec1f1ed as 1 a1so E1ther
fu]]y 1mp11c1t or semi- 1mp11c1t hydrodynam1cs may ‘be se]ected for the STGEN
component. ‘

There are some spec1a1 cons1derat1ons 1n sett1ng up the geometr1c 1nput
data in order to mode] "the entire tube bund]e "of 'a steam’ generator w1th a '
single tube.’ The 1nner tube rad1us, RADIN, ‘tube’ wa]] th1ckness, TH, and -
hydraullc d1ameter HD, should’ be those ‘of an aétual s1ng1e tube in the .
bund]e ‘But the' flow’ area and cell vo]umes must correspond to the values for-
the tota1 “tube bank’ The user must a]so spec1fy ‘the’ heat transfer surface.
area in each cell for both “the " pr1mary and secondary s1des Th1s 1s the a
effect1ve heat transfer strface area’ for: a11 the tubes in- each mesh cel¥ and
can be used to account for tube fou11ng fictors or enhanced heat transfer from
f1ns. Steam generator. cells: can be:made-adiabatic by specifying zero heat
transfer areas,: (The inlet-‘and outlet plenums,.i.e.;; the:first -and.last cells
on the primary.side,: should-be adiabatic.) = = S '

~ Specifying . the’ heat transfer area - “for” the‘“once through“ type g5
straightforward; it is the total effective heat transfer area for the steam
generator, multiplied by the"fraction'of-total"tube length in each mesh
cell. For the "U-tube":type;- however,-the convention.is a'little obscire. - On
the primary side the heat»transfer’area is the..effective “interior:area:for all
the tubes in each mesh cell. :The total -heat-transfer to:a Secondary side - -
fluid cell is the sum of the heat transfer from the up-tubes and the down- .
tubes in the cell, but the code assumes that the wal] heat transfer area
5*spec1f1ed in the secondary cells 1nc1udes on]y that of the up tubes ' In the

are assumed to be equa], ‘and. the 1nput value for wa]] surface area on the
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secondary side is doubTed. Therefore the user. should, not spec1fy WA2 as the
effective surface area of both ‘the up and ‘the down tubes in a secondary s1de
fluid cell. The value entered for WA2 shoqu be. the area of onTy the .up- tubes
in a secondary side fluid cell. }

The voTumes and fTow areas on the pr1mary s1de are those determ1ned by
cons1der1ng aTT .the tubes in the bank. However, the, hydrau11c dlameter is .
“'that for a s1ngTe tube.{ The voTumes and fTow areas on- the, secondary s1de are
the -actual geometr1c values for each. mesh ceTT. The secondary hydrauT1c .
d1ameter is determ1ned by standard methods used 1n heat transfer over tube .
bundles.

Tube waTT 1n1t1a1 temperatures must aTso be. spec1f1ed for each node in
each cell; an. array w1th NCELL1*NODES - eTements. -Even. though ceTT 1. and cell
NCELLl are ad1abat1c, tube waTT temperatures must be g1ven for.both of these4
celTs. (They are def1ned onTy to s1mp11fy 1ndex1ng ) In the _numbering .
convent1on used temperatures beg1n w1th ceTT 1 and are spec1f1ed from ;';;U,
1nter1or (pr1mary s1de) ‘to.exterior (secondary s1de) for each. mesh. ce11.5 _E-
(That 1s, the temperatures are, spec1f1ed in the order Tl 1» Tl 254 Tl s oo “
T NoDES: T2,10 T2,20. 72,35, ++++ T2,NopESs €tc.  The First index is the cell.

}number Tthe_second_js the?node number )f,:. .

-Friction .factor correlation:options:(NFF) and additive friction®losses °
(FRIC) are given separately for the two sides. - “The possible Options for NFF
are described with the STGEN component inputiinstructions.in Section:2.2.7."
The homogenequs option (NFF 1) .is suggested for both the primary.and .
secondary S‘des-ﬁ,-r . o ' : RE Dol G

The: output edit for a steam.generator component is similar to that:given
-for a-PIPE component, with primary side variables given:first and. then
‘secondary side variables. -Also, heat transfer variables are. always-given.:’
Tube wall temperatures are printed for each node of -each: active mesh.cell.

I

3.5.7" TEE ModuTe

N The TEE moduTe modeTs the thermaThydrauT1cs of three p1p1ng branches tho
of wh1ch lie aTong a common 11ne with the third enter1ng at some angTe _ ,
B from, the main axis of the othc._two (see F13ure 3.45).. F.om the standp oint
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| /NCELL2
PIPE2 e

1 JCELL | NCELL1

" FIGURE 3.45. Tee Noding Diagram N

of the code, the tee is treated as two PIPEs, as indicated in Figure 3.45.
Tne angle B is from the low-numbered end of PIPE 1 to PIPE 2. The low-
numbered end of PIPE 2 aiways connects to PIPE 1.. The straight PIPE segment
is numbered from cell 1 to NCELLl with the connection to PIPE 2 at

cell JCELL. The branchAPIPE.gegment is numbered_from:the cell immediately
~-adjacent to JCELL;'bengning with cell 1 and ending with cell NCELL2.

The connection to PIPE 1 from PIPE 2 is treated with mass, momentum and
energy source terms. For PIPE 2 the conditions in cell JCELL of PIPEL form
the inlet boundary conditions, ..The time d1fferenc1ng and. 1terat1on ‘procedure
are such that the sca1ar quantities are conserved (within a convergence

olerance) and the 1evel of 1mp11c1tness at the'.connection ensures that no
add1tiona1 stab111ty 11m1tat1ons app]y at a TEE. The 1evels of 1mp11c1tness
for the finite-difference equat1ons applied to PIPE 1 and PIPE 2 can be
specified 1ndependent1y us1ng the 1nput var1ab1es IHYD1 and IHYD2.. Since the
junction between PIPE 1 and PIPE 2-is- a1ways treated partially implicitly, the
velocity at that point is always 1nc1uded in the computation of the time step
stability Timit. Phase separation at the -junction is calculated if the flag
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ISEP is set to one. Phase separation is computed if the void fraction in the
junction cell JCELL exceeds the user-specified value ALSEP.

Since the TEE is modeled as essent1a]1y two connected PIPEs, the PIPE
model description in Section 3.5.3 should. be referenced for additional
information on-the calculational sequence. The sequence for a"TEE includes
separate calculations of the prim&hy aﬁqlgecqndeny sides.

- Input anduoutputminformationfforra TEE component is very similar to that
for a PIPE component except that two PIPEs are involved in a TEE component.

3.5.8 VALVE Modu]e

The VALVE modu]e is used to mode] the . thermal hydrau11c f1ow in a
valve. A valve is modeled as a one d1mens1ona1 component w1th at least two
fluid cells, as shown in Figure 3.46. The treatment of heat transfer and

fluid dynamics in a va]ve 1s 1dent1ca1 to that of a p1pe as described in
Section 3.5.3. b ‘ ' :

The valve action is modeled by controlling the flow area and hydraulic
diameter at a g1ven cell boundary 1n the component The following expressions
are used for th1s purpose e T e

Flow Area = AVLVE*FRACT © =

" Hydraulic Diameter = HVLVEXFRACT

CELL

FLOW AREA CONTROLLED
BY VALVE ACTION

FIGURE:3.46: Va]ve Noding Diagram -
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where AVLVE and HVLVE are the fu]]y open va1ve f1ow area and hydrau11c
d1ameter, respect1ve1y, and FRACT 1s the fract1on the va1ve s open.

Five options are provided for con;rol]1ng the valve action. -Options 1 -
through 4 open or close the valve with-a:trip. - The action can be
instantaneous or a function of time.. Option 5 models-a.check valve with the
open or closed condition determined by a pressure-differential between-the -
specified cells and a setpoint. .(For this option, theqvalve*opening and
closing is damped to prevent pressure oscillations.) The valve option is -
specified by the value of the input parameter IVTY. :The-possible:values of
IVTY and Cprresponding.options are shown..in I@Pl?f3?4?:9"e* sroo g

TABLE 3.4. VALVE Activation Options - .

IVTY : OPTION
1y Va1ve 1s normal]y open and 1s closed 1nstant1y on a tr1p s1gna1

,>2§}-_Va1ve is norma]ly c]osed and is opened 1nstant1y on a trip s1gna1.v«~~

3 . Valve is normally open and is-closed on a tr1p s1gna1 accord1ng to a
.. -time-dependent valve table, - = ... .. e 5
4 Valve is normally closed and is opened on a trip signal according to a
t1me dependent va1ve ‘table.

-5 -»uCheck va1ve is- contro]]ed by-a - stat1c pressure-gradient. - If IVPG = 1,

then DP = P(IVPS - 1) - P(IVPS); if IVPG = 2) then DP = P(IVPS) -
P(IVPS - 1).

- 1f DP+PVS > 0, the valve opens. '
If DP+PVS < 0, the valve closes.

“ The. valve opening and closing is damped so that flow areahand"nydnau1ic
diameter can change by only 1% per time step.  This damps pressure
oscillations in the system caused by the va]ve action.

3,115




3.6 STEADY-STATE CALCULATIONS

The current version of COBRA/TRAC does not have a steady state 1mp11c1t
solution a]gor1thm In deve10p1ng the COBRA-TF code, and 1ater COBRA/TRAC
the main focus was on the ability to ca]cu]ate transients, and the problem of
obtaining the steady state from which- the transients were' initiated was
largely -ignored. : As‘-a result, prob]ems that begin with'a stable ‘steady state
must be initialized by running a-transient calculation’ to obtain a solution:
for the steady-state conditions of the’system. The dump/restart capability ~
(discussed in Section 3.7) makes it possible to change the boundary‘conditions
and characteristics.of the problem with relative®ease. Volume 3, COBRA/TRAC
Developmental Assessment and -Data Comparisons, describes a number of -

calculations that were initialized to steady-state conditions by running a
transient calculation with constant boundary conditions and then restarted
with transient boundary conditions to simulate a blowdown, small break or
similar de-stabilizing occurrence w1th1n the system.

0bta1n1ng a steady state so1ut1on with COBRA/TRAC is re]at1ve1y L'
stra1ghtforward. Essent1a11y, ‘the procedure ‘does not dwffer from that for any
other calculation. ‘There are a few points, however, that the user should keep
in.mind in order to waste-as little computer time as poss1b1e in estab]ish1ng
the steady state (from wh1ch it is presumed; the transient of real interest
w111 be initiated. )

1) Turn the pumps on before adding heat to the system. Thebf1ow through
'the system shou]d be estab11shed before any s1gn1f1cant amount of
: energy is added )

2) Ramp the power up to the steady-state value at.a rate that will make
boiling in the VESSEL unlikely. (This assumes the steady state is
- completely subcooled.) . Boiling and condensing in the- transient to
» steady state can result 1n pressure osc111at1ons that w111 s]ow
convergence to the steady state.

3) Trip set points that might be activated in the course of the transient
to steady-state calculation should not be specified until the desired
steady state has been reached. (New trips can be added on a restart.)
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4) Forcing functions on boundary conditions in the VESSEL must be
specified. in the initial input as constant for a specific period of
simulation time.l.The time. at which these functions begin-varying

-becomes, by definition, the point of initiation of the transient of
interest. | '

5) On the restart that initiates the transient from the steady-state

conditions, the minimum time step should be specified at a value {on

_ the order of 1.0E-6) and a trip identifier number of 1000 should be
specified to force the code to use the minimum -time step size. .

6) PIPE or TEE components modeling broken pipes that are‘expected to
experience choked flow in ‘the transient should be converted to the
implicit-solution by setting the flag IHYDRO to 1. (In the transient -
to establish steady-state conditions, these components are not yet -
broken, so it is'more efficient to use the partially implicit
hydrodynam1cs (IHYDRO 0) in that part of the calcu]at1on ).
7)" HPIPE or TEE components that mode1 broken p1pes w1th choked f]ow shou]d
© be renoded (on the restart that injtiates the biowdown transient) to
reflect the noding patterns recommended for choked f]ow 1n TRAC P1A '
Development Assessment (Ref 3) ' e '

POint 4”deserves"sOme'additional comment since it determines how long ‘the
“transient to steady state will-be. "It must be chosen correctly the first -
time, since the user cannot alter.the VESSEL input data on' restarts. As a
rule-of thumb, the time-to-steady-state should be on’the order of the time it
takes one particle of fluid to circulate twice through the main flow path of
the system. This assumes that the'temperatures, both fluid and material, in
‘the system have been initialized close to their steady-state values. .If an
appreciable mass of solid material must be heated up .to steady-state
temperatures, two or three passes: through the.loop might{be,required before
stable wall temperatures are achieved. (The convergence of wall. temperatures
may be accelerated using the RTWFP parameter on the time step control cards.)

The time step adjustment recommended in point 5 is needed because the
code calculates the new time step based on the behavior of the system in the
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previous time step. If the system is at a stable steady state and a transient
is begun, or if the system is changing extremely rapidly because of a fast
transient, the code can calculate a time step that is too large for ‘=
stability. ‘The code has the capability to “back up" the solution numerically
when the time step is too large for convergence, but this is expensive in
terms. of wasted calculation time and should be avoided where possible.

The renoding of PIPEs or TEEs 'that will experience choked flow is very
important ‘for-blowdown transients and must not be omitted. Reference 3
contains detailed recommendations on how to model pipes in choked flow.
Basically, the length-of the pipe in choked flow is modeled by a.large number
of extremely. small nodes, decreasing from the nominal pipe node length
-~gradually (by- ~50% inveachwlength-reductiop) to 0.1, 0.05, 0.025,-and 0.0083
meters and, in some extreme cases, even-smeller. But these very.small nodes
should not be'used:inﬁthe transient to steady state with the pipe partially
implicit. They will cause the time-step size to be unnecessarily Courant-
11m1ted mak1ng the transient to steady-state cond1t1ons use more computer )
time (and hence be more expens1ve) than 1t needs to be. o

3. 7 USING THE DUMP/RESTART OPTION

The DUMP/RESTART option in COBRA/TRAC makes it poss1b1e to run 1ong
,;ran§1ent,ca1cu1at1ons efficiently. Long,;ransnents.mode]ing,largeasystems
can require. many.hours of computer time to execute. .The.DUMP/RESTART. . . .
capability.allows the user to run the transient as a.series of._shorter. runs,
each_restarting at the point the pfeviousvruqflef; off. The user can then- ..
monitor the calculation:-as it progresses and minimize wasted computer.time
resuiting from input errors and computer. system failures.

The DUMP/RESTART option 5 relatively easy to implement. -~This section
discusses the thiree types of restarts a user might 'want to execute; a simplé:
restart with no changes in the input, a restart with Changes in the inputfor
one or more components, and a restart with new components added to the system.
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3.7.1 Simple Restart

Every COBRA/TRAC run generates two DUMP files. Data for the one-
dimensional components are written to a file named TRCOMP, and data for the
VESSEL component are written to a file named TAPEQ.J:(If;the‘gkaphfts'optioh
is being used, a file named TAPE1l is generated also. This has ‘nothing to do
- with the restart per se, but TAPE1l must also be accessible for hestarts if
the graphics output option is being used.) These files, TRCDMP, TAPE9 and
TAPE1l, are local files, and the user must do whatever is appropr1ate on his
system to save them permanently for Tater access.

The dump files TRCDMP and TAPE9 contain data describing the state of the
system for the one-dimensional components and the VESSEL, respectively, at
specific time steps. The line-printer output for the calculation conta1ns,
for each time step wr1tten to the dump file, .the fo]]ow1ng message: ‘

SAVED A RESTART DUMP AT-NNNN-  XX.XXX-

“where NNNN is an integer number identifying the time step and XX.XXX is a real
-number 1dentity1ng the corresponding simulation time. Dumps are saved at" the
“time intervals specified by input on the time domain cards (see Section 2. 4)
every 3600 CPU seconds and at the end of each run. The user may spec1fy any
interval he deems appropr1ate for his prob]em but s1nce these files can .
‘become” quite 1arge excessive dumps shou]d ‘be.avoided. The. code automat1ca11y
writes a time- step to the dump f11es every th1rty m1nutes of CP time in a.
given run and at the end of the run. For most 1ong trans1ents this: 1s qu1te
adequate The ca]cu]at1on may be restarted from any time step wr1tten to the
dump file, but in most cases the 1ast time step on the f11e w111 be the one
used to restart. the simulation. '

The input file for a restarted rdh is in gehera]smuch simpier than that
for the initial run, since most of the ‘required information is stored on the
dump files. But some data must be repeated or changed. An examp]e of a
simple restart file is shown in Table 3.5. The main prob]em control data (see
Section 2.1) is repeated in the restart input file. On a simple restart this
data is the same as on the initial run, except for the restart time data. In
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TABLE 3.5. Simple Restart File

. l .
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the example, line 3 shows the restart time step as 3749 and the restart time
-as 18.772 seconds. The one-dimensional component data has been omitted
entirely since all necessary data is on the dump file. The VESSEL input -
consists of the VESSEL component card and one line to set the restart flag and
re1n1t1a11ze the VESSEL t1t1e array. (See Sect1on 2.3, ) A b]ank Jine must be
1nserted at this po1nt SO the .code w111 read ‘the VESSEL data from the restart
file TAPE8 rather than ‘the 1nput file. The 1nput for the VESSEL connect1ons
must be repeated on the restart since it is not saved on the restart f11e.
The component 1nput is term1nated with an END card at the end of the
connection 1nput The code will then look for the data for the rema1n1ng
undefined components on the ofe- d1mens1ona1 component restart f11e TRCRST.
The graph1cs 1nput data must a]so be repeated in the restart 1nput f11e s1nce
it is ‘not saved to TAPE9. 1t must be the same as that spec1f1ed 1n “the
initial run, except that new components can be added in elements of the IGRFIT
array that were initially zero. New time domain cards :are -also specified in

the restart input file. . . .

During :execution of a restarted run, the dump tapes read for the restart
must be available -in local files.- The VESSEL restart data is read -from file
TAPE8, so:the appropriate dump.file TAPE9 must~besspecified“aS<TAPE8 for the
restart. ‘Similarly, the one-dimensional..component restart data is read from
file. TRCRST, which must -correspond to the appropriate dump file TRCDMP.  If a
graphics file is being 'created, the current TAPE1l must. be available locally
also, and must be accessible for both reads and writes. ‘

3.7.2 Restart with Changes to Components : . -

Only the one-dimensional ‘components may be changed on a restart. The .
VESSEL component input cahhdt be revised. The input file for a restart with
“‘changes to components is essentially identical to that for a simple restart.
The only difference is ‘that the 1nput data for the one-d1mens1ona1 component
(or components) being changed is specified in the input file. The new’ 1nput
replaces the data for those components stored in the dump file.

An example of a restart with changes to a component is shown in
Table 3.6. The most common reason for changing a component is the belated
discovery of an error in the original input specifications. In this example,
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it was discovered that the flow rate on the.secondary side of the-$team- u*
generator component was incorrect, so the appropriate FILL components were re-
initialized with new values for the-: 1n1et velocity. .« v i

e
$

‘In th1s case the mode11ng change was re1at1ve1y 1ns1gn1f1cant. But 1n
.cases where geometry changes will drast1ca11y change the flow so]ut1on 1n a
component the ' so1ut1on arrays shou]d be re 1n1t1a11zed w1th va]ues compatib]e
w1th the new geometry. Est1mates of the new va]ues can be obta1ned by hand
ca]cu]at1ons w1th the cond1t1ons at the component s Junct1ons as boundary

N i

cond1t1ons

It 1s poss1b1e to rep]ace a component in 2. system w1th a d1fferent
“component on a restart A BREAK cou]d be. replaced by a FILL, for examp1e if
it were exped1ent to change at some point in a ca]cu1at1on from a pressure
boundary to a f]ow boundary cond1t1on.”

3.7.3 Restart with New Components

In addition to redefining or replacing components ‘in a system on a
restart, it is possible.to add new components. = The restart input file must,
in this case redefine the control:idata; increasing the total number.of i -
components and junctions:and adding the ‘new component numbers to the ORDER -
array. - The input: for. the new components is specified in .the restart input -
file before the VESSEL restart data. (Only one-dimensional components may be
added: It is not possible to add a second VESSEL ‘component in this way.):

An example of a restart file with ﬁéw‘compaﬁéhfs is'shQWnﬂfn Table 3.7.
The number of components in the system has been increased from 21 to 29 and
the number of junctions from 22 to 29. . In this example, the new components
mode1 the ECC injection system and the break assembly in the Semiscale test.
fac111ty. They are added .to the. system model when-theﬁca1cu]ation_has>reached
steady_staten(seefSectjon 3.6) on the restart where the, transient is.. . ..
initiated. . |
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TABLE 3.6. Restart with Changes to Components

semiscale mod3 - steady state(¢-07-6)
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semiscale mod3 - blowdown (s-07-6)

3838
29
.00100
2

1

6

11

31

40

32

o N B

~ pipe
| 21
0
1.69926e-2
295.
ro9 .00833r
.51481e
r9 2.563e-6r
4.67e-4e
rl9 2.7540e-4s
r 3 9.0713e-4e

TABLE 3.7. Restart with Added Components

20.014
29
10

12
16
41
33

6
1
1
7.1374e-3

3 .025r 3

20

28
21
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34

12

29
37

-7

26
20.

2.

Ar 2

10
30
38
18

25741

3 .7689%e-5r 3 1.5377e-5r 3 3.0753e-5r 2 1.9486e-4
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f 0. e
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rl8 4
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- r3 4e
f 0. e
f 3.2e-4e
f 0.00e
f 561.8 e
i18 1.64736e+7
f 561.50 e
pipe

19
“ 0
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f 0.e
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. TABLE .3.7. . (continued)
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41

1

S
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41
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14
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break
12
.00833
break
.14
.00833
fill

34

1.
1.0047e+6
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.125800
53.1298
1.66498
67.8261
'~ 1.7309
224.3478
CFill
35
1.
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24.4346
.. 46636
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26
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33
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01727
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TABLE 3.7.. (continued)
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4.0 SAMPLE PROBLEM

COBRA/TRAC is a complex code that requires some skill and experience to

" use correctly. The user guidelines in Section 3 are intended as an aid when

Yearning to apply the code. ‘Additionally, Volume 4, the Applications Manual,

contains descriptions and ca]cu]at10na1 resu]ts of a 1arge ‘number” of prob1ems
that-have been run on COBRA/TRAC ' B e o

_ This sect1on prov1des an example 111ustrat1ng the process of construct1ng
a COBRA/TRAC 1nput file for a moderately comp]ex system using the PKL fac111ty
for test K9 (Ref. 7). The COBRA/TRAC model of the system uses most of the
one- d1mens1ona1 components ‘and exercises many of the mode11ng features of the
VESSEL component. ‘Tt*does not, of course ~exercise every feature and option
ava11ab1e in COBRA/TRAC(a) but it uses enough of the code s capab111t1es to

T

serve as a useful examp1e.

Th1s sect1on fo]]ows the 1og1c genera]]y emp]oyed in sett1ng up an 1nput
deck for a COBRA/TRAC s1mu1at1on. It beg1ns w1th a descr1pt1on of the system
to be mode1ed and the test cond1t1ons to be s1mu1ated. The data are presented
in the form in which they appear in the original reference. (It shou]d be
pointed out, however, that test reports do not appear to be wr1tten with the
convenience of the code user in’ ‘'mind, and the needed data w111 se1dom be as
neatly summarized or as conc1se1y listed as shown ‘here. ) The next step 1s to
--decide on-an- appropr1ate setof” COBRA/TRAC components to’ mode] the system and
construct the geometr1c input “from the system ‘data. The test parameters can
_then be "converted to boundary cond1t1ons on the problem and the s1mu1at1on 1s

ready to run. e o o ‘ ‘“ .

(a) The PWR vessel with UHI, described in Volume 6 of this report, comes as
close as humanly possible to achieving this. The full vessel model will
be a useful guide to anyone wishing to model a large complex system.
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4.1 PKL SYSTEM DESCRIPTION FOR TEST K9

The PKL test facility was de51gned to model the thermal-hydraulic
behavior of .a 1300 MW PWR. A diagram of. the. facility is shown in .. .
Figure,é.l; .The system consists of a pressure vessel, external downcomer; and
three primary coolant.loops.. One loop models two loops of a 4-loop plant,: and
the other two_each model a.single loop. . Each. coolant.Toop contained a U-tube
. steam generator and an-assembly-simulating the -hydraulic.resistance of a ‘shut-
: down coo]ant pump. Deta1ls descr1b1ng the phys1ca1 geometry of the system,
which are needed to construct the COBRA/TRAC 1nput modeT, are g1ven in Tab]es

4. 1 and a. 2. '

The pressure vesseT conta1ns 340 s1mu1ated fue] rods (337 electr1ca11y
heated). The qpper_qndTTQwer:QTenums“oﬁ the. vessel. are scaled.to PWR
dimensionsvend_contaﬁnvapprORriqte internals. Figure 4.2 shows a horizontal
cross-section of the core and FTgure 4.3 shows a vertical cross-section of -the
pressure vessel. A d1agram of the externa1 downcomer is shown 1n F1gure 4.4
Re1evant d1mens1ons and eTevat1ons are 1nc1uded Table 4 3 summar1zes _the
;geometr1c character1st1cs of the pressure vesse] that are relevant to the
“COBRA/TRAC 1nput mode] ) | ‘

| The mater1a1 properties of the components of the system are summar1zed H9n

Tab]e 4 4. The pressure vessel and primary .system.piping were CrNi-steel.
The p1pe wall thickness was 4.05 mm in the single .loops and 4.0 mm .in the
‘double loop._ Thenheater:rods\were composed of..NiCr 80/20 tubing (1.0 mm
th1ck) and were fi]]ed‘with powdered. magnesia=(M90) A helical coil of .
An1chrome wire (0 2 mn thick, coiled on a .6.0 mm diameter) served as-the heat
source. The ax1a1 power profile was produced by varying the pitch of. the
heater coil. The seven-step profile is shown in Figure 4.5.

Test K9 starts at the refill phase of a LOCA; i.e., after the blowdown
has occurred, with pressure equalized between containment and the reactor
primary system. Prior to test initiation, the primary system was purged with

4.2
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TABLE 4.1. Geometry of PKL System -

: Loss(@) A Cross-Sectjonal
Carponent - (oefficient Length(m) Diameter{m) " Area (nf)
Double Loop =
hot leg ’
p1enun outiet 0.5 0.113 0.01
pipe segnent(a) 0.015 . .-0.12  0.113 0.01
~hot 1eg injection Tine 0.233 - 0.448 0.088 0.0084
pipe segrent (b) 0.27 * 2.265 - 0.113 0.01
* "90° bend, (R=0.17m) - 0.231 0.267 0.113 0.01
pipe segrent (c) - 0.025 - 0.21  0.113 0.01
- pipe enlargament . 0.155 0.22 0.113/0.175  0.01/0.024
_pipe segrent (d) . 0.015 1.2 0.175 0.024 ..
40° bend (R=0.262 m} -  0.021 0.184 0.175 0.024
pipe, segnent (e) 0.004 0.327  0.175 0.024
steam gyxyator »
inlet plenun ot ‘ -0.087 .
entrance - 0.091.. 0275 0.0 -
tbe inlet T -0:124 T 0.019° ;16 98(10'3)
 tube bundle (so tes) . 415 “;7__.‘49 ¢ 0019 16. 98(10‘3) .
_ wﬂammm Ca R R A ' 0.087
Compeedt 09 00191 6. %8(1073)
exit . 7 7 0.067 * 0,075 T 04024
“cold leg: N L o S
“pipe segrent (f) 0,004 0.327  0.175 0.024
- 3% bend, (R=0.262 m) . 0.016 0.138 - 0.175 0.024
pipe segrent (g) ©0.015 .2 0.175 0.024
pipe contraction 0.01 0.22  0:175/0.113 " 0.024/0.01
pipe segrent (h) 0.159 S 1.33 ... 0,113 0.0
flowrate measuring orifice. 1.5 - 0.002 - 0.08752 0.00601
pipe segrent (i) 0.31 2.68 - 0.113 0.01
0° bend, (R=0.12 m) 0.231 0.267 0.113 0.01
pipe segrent (3) 0.119 1.0 0.113 0.01
90° bend, (R=0.12 m) 0.231 0.267 0.113 0.01
pipe segrent (k) -~ 0.38 "3.18 "0.113 - 0.01
pump simulator 1.43 0.25 0.113 0.01
pipe segnent (1) 0.348 2.916 0.113 0.01
inlet to downcamer mozzle 1.0 0.113/0.489 0.01/0.0188

{a) For single loops, loss coefficient is computed based on D=0.0808;
for double loop, loss coefficient is computed based on D=0.113.
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TABLE 4.1. (continued)

R - Loss - ‘. Cnoss-Sect onal.
Component - - Coeff1c1ent Length(m) “Diameter{m) — ~Area (nf) ° '
Single Loop A -
hot leg TN
p]enun outlet 0.5. g 0.0808- 0.0081 : - -
pipe segnent (a) 0.014 - 0.08 - 0.0808 -0.005L - .. .
hot Teg injection 'hne 0.302 ‘0.342  0.061 - 0.0042 - . . s
pipe segnent (b) " 0.271  -1.563  0.0808 . 0.0051 -.-. ..
90° bend, (R-0. 12 m) 0.245 - 0.188 0.0808 0.0051 . ... =
p1pesegmnt(c) - .0.057 0.33 - 0.0808 . 0.0051
p‘lpe enlargement | 70,132 0.15 0. 0&)8/0 125 0.(1)51/0 0123
pipe segrent (d) - 0.022 ° 1.2 0.125 - 0.0123
40° bend, (R-0.188 m) 0.022° 0.13 0. 125_ 0.0123 -
pipe segrent (e) - 10.005 0.29 0.125 0.0123
stean generator . ,
inlet plemm .77 - B 0.056
entrance v ... 0.106 - 0.125 ©0.0123 . e
tue inlet ;.. 0.131 0.019.. . 85(103) . .
tube bundle (30 tubes) 4.3 17.31 0.019 8.5(10 3): e
outlet plenum- . - SRS . 0.056
ube exit . 0.364 0.019 . 8.5(103)
exit 0.070 - 0.125 0.0123
cold leg : S o
pipe segnent (f) 0.005 . .0.29 0.125: - 0.0123
30° bend, (R=0.188 m) 0.017 0.098 0. 125‘: " 0.012:
pipe segnent () - 0.0218 L2, 0.125. 0.0123 ;s
pipe contraction .. 0.01 " 1.15 0. 125/0. 0. 0123/0 (.'051
pipe segrent (h). . .. 0.242. . 1.4 0.0808  ,:0.0061- -
flowrate measumng omﬁce 1.5 - 10,0016  0.0626 .. 0. (IJ308
pipe segrent (i) . 0.455 . 2,63,  0.0808 - 0.0051
o° bend, (R=0.12 m) - 0.245 0.18  0.0808° ~ 0.0051:
pipe segmnt (3 0.242 L4 0.0808 - 0.0051:: -
90° bend (R=0.12 m) 0.245 0,188  0.0808 0.0051 . vo iy
pipe segnent (k) 0.570. " 3.265  0.0808 - 0.0051 . ..
purp simulator - 1.448 0.215 0.0808 . 0.0051
pipe segnent (1) S 0.3% 2.05%  0.0808 - 0.0051 .
inlet to downcamer mozzle 1.0 - 0.0808/0. 489 0. 0051/0 188
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TABLE 4.1. (continued)

Loss Cross-Sectjonal

Component ™ ¢ " - Coeff1c1ent Lengmm) Diameter{m) Aea (nF) .
Single Loop B -
hot leg
plenun outlet 0.5 ' 0.0808. 0.0061 .
pipe segent (a) 0,014 - 0.0808 . 0,001 .~.°
hot leg injection 11ne 0.302 - 0.061  0.0042..
pipe segnent (b)” - 0.271 0.0808 . 0.0051
90° bend, (R=0. 12 m) 0.245 - 0.0308; 0.0051
pipe segrent (c) -’ 0.057 - 0.0808 0.0051
pipe enlarganent- -~ 0,132 0.0808/0.125 0.(1)51/0 0123 -
pipe segnent (d) - weh0,022 0.125 0.0123 -~
40° bend, (R=0.188 m) 0.02 " 0.125 °. 0.023 . .
pipe segnent (e) 0.005 " 0.15" 0.0123 .

BEEES

. v
— N
W T m

PPOrO0OHO0

B

stean generator

inlet plenun } 0.056
entrance - 0.106 0.125 0.0123
tbe inlet . 0.131 - 0.019 8.5(10"3)

twe bundle (30 tbes) 436 . 0019 85107

outlet plenm "0 EmeT o 0.0% . -
tbe exit . 0.34 0.019 8.5(1073%)
exit S 0.070‘-*= 0.125 * 0.0123

cold leg
pipe segment (f)
30° bend, (R=0.188 m)
pipe segrent (g)
pipe contraction-
pipe segrent (h) -
flowrate measumng om ﬁce
_pipe segrent (i)
%0° bend, (R=0.12- m) ‘
pipe segrent (j)«+-
%0° bend (R=0.12: m)
pipe segnent (k) -
putp simulator -
pipe segrent (1) -~ .36
inlet to downcamer nozzle, 1.0

0.125 0.0123.

0.125 0.013 .
0.125/0.0808 0.0123/0 0051
0.0808 ° 0.0051 -
0.06 . 0,00308 .

- 0.088°  0.0081
0.0808 0.0051 ..
0.0808 0.081.
0.0808 . 0.0051.
0.0808 0.0051. " . .
0.0808 0.0051

RR2R

rEals
8m81§

N
=

voworoNomoERoO
(S W, ]

]

4.6

q M

0.125 ooz

o008 oosl



TABLE 4.2. Geometry of PKL Steam Generators

. of TLD? ' N Center Post Secondary
Loop Type Tubes Length a) (mn) Heignt (m) Width (mm) * Thickness (mm) Tibe Diameter (mm)

Single %0 &0, . Lels ¥ 10 o 3B
lwle 60 @x Ces Y 3O, . 10 4%

(a) fram Tbe sheet inlet to top of' U-bend
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TABLE 4.3. Geometry of PKL Pressure Vessel

: Loss . ‘
% Component Coefficient .Diameter(m) Volume (m3) Length(m)
Pressure Vessel C 0.9 0.544 8.89
lower plenum | 0.489 0.305@  1.87 ;
. core 0.04747 0.0% 4.48(b)
lower tie plate-  8.68 {(upflow)
8.90 (downflow)
upper tie plate-  3.98 (upflow)
grid spacers  2.99 (downflow) A
upper plenum _ 0.489 . 0.186 2.54

upper plenum internals-
8 tubes, 35 mm x 1.5 mn
16 twbes, 42.4 x 2.0 nm

TABLE 4.4. -Material Properties for Heater Rods in PKL Test Facility

magnesia - _ : o :

Tenperature (°C): - : 100 300 500 1000 1300
specific heat (W-S/kg K): 1039 1164 120 1298 1333
density (kg/m): 3150 :

NiCr 80/20 _
Temperature (°C) : 20 100 250 550 800 1000 1300
thermal conductivity (W/m-K): 12.1 - 16.3 21.4 25.6 33.8
specific heat_{W-S/kg-K): 502 ' - 502 8502 -
p density (kg/m): 8300 o

A

(a) Includes volume of horizontal section of downcomer pipe.
(b) Measured from lower tie plate to upper tie plate.
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steam and thus heated .to thé desired initial temperatures. The power to the
heater rods was controlled to produce the desired initial radial and axial
temperature profile in the bundle. BRI

Test K9 simulated a doub]e ended co]d 1eg break with-only co]d 1eg
1nJect1on of ECC water for -the refill and reflood. Table 4.5 11sts the
initial cond1t1ons for the test, and Tab]e 4.6 gives the test parameters and
boundary conditions.

4.2 COBRA/TRAC MODEL OF PKL SYSTEM

The PKL system consists of three foops; but because. thé‘Eyétem is -
essentially one-dimensional (even in the pressure vesse]) it can be 1ooked A
upon as having effectively only two' 1oops--an intact s1de and a broken s1de
This characteristic makes it possible to greatly reduce the number of’-
computational cells in the COBRA/TRAC model by using on1y two 1oops--one
modeling both the double and single intact 1oops, the  other:the: s1ng]e broken
loop. The system can be modeled, then, by seven main components L p1pe ~for
the intact loop hot legs, a steam generator for the intact-1oo0p,-a pipe for
the intact cold legs, a pipe for the broken loop hot leg, a steam generator
for the broken loop, a pipe for the broken cold leg upstream of the break
assembly, a pipe for the broken cold leg downstream of the break, and a vessel
module for the pressure vessel -and downcomer. A diagram of the system model
is shown in Figure 4.6.

 “The "COBRA/TRAC model of the PKL system can, for convenience, be divided
into three categories. These are the loop piping, the steam generators, and
the pressure vessel and downcomer. The following subsections describe how the

.data for the components in each category are converted to COBRA/TRAC input.
" In some cases, the conversion is relatively self-evident, and is explained

only briefly. Some input, however, involves modeling assumptions and
conventions and are discussed in greater detail.

4.2.1 Loop Piping Components

The PIPE components shown in Figure 4.6 model the hot legs and cold legs
of the intact and broken loops of the system. PIPEZ and PIPE9 each model a

4.13




TABLE 4.5.

System Pressure

Peak Heater Rod Temperature : :
inner zone
middle zone
-outer zone.

Bundle Initial Power

Steam Generator Secondary (broken
initial temperature
initial pressure
1n1t1a1 water 1eve1

: Steam Generator Secondary (s1ng]e

initial temperature -
initial pressure o
1n1t1a1 water level .

Steam Generator Secondary :: (doub]e
initial temperature
“initial pressure’
1n1tia] water level:..

4.5 bar

599°C
600°C

1327 MW

loop)
267.5°C -
53 bar
7. 5 m

1ntact 1oop)3;;;

270.5
55‘5,ban:

Toop) .

270.5

55 5 ce

4.14

Initial Conditions for Test K9-

'(1n1t1a1 power 3. 98 kW/rod)

(initial power 3.93 kW/rod)

(initial power 3.92 kW/rod)

N 3




STEAM
GENERATOR |
(BROKEN
LOOPR)

‘BROKEN LOOP' :
HOT LEG PIPF
e (PIPET2)

(STGEN3)

(STGENS) ~
. STEAM
GENERATOR *
(SINGLE AND

DOUBLE INTACT

LOOPS)

INTACT LOOP
"HOT LEG PIPE
4. (PIPE.9)

1 PRESSURE
- |- VESSEL

(VESSEL 1)

INTACT LOOP
COLD LEG PIPE

BROKEN LOOP
COLD LEG

PIPE ™

(PIPE 4}

L (PiPEIO)

2

(PIPE 7

BRE
)

>
/—\‘/x

\

-6~ DOWNCOMER

o

" FIGURE 4.6. Diagram of COBRA/TRAC Model of PKL System
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hot leg, from the upper plenum exit to the entrance to the steam generator
‘ inlet plenum.” PIPE10 models the intact loop. cold leg from the exit of the
- steam generator outlet plenum to the downcomer inlet nozzle. PIPE4 models the
; segment of the cold leg between the break assembly and downcomer inlet nozzle

The pipés of the intact loop (PIPE9'and PIPE10) have the nominal 1ength
of a single loop, but the volume, flow areas and hydraulic diameters of the
jée]]s add up to that of the double loop p]us the sing]e loop. The COBRA}TRAC
1nput for the PKL model is listed in Table 4.7, and the values for the VOL FA
and HD arrays show the doubling of the 1oop model. The cell lengths are
chosen to accommodate the various bends and angles in ‘the piping, plus-area
changes and other obstructions. Figures 4.7.and 4.8 show diagrams“of~the PIPE
--cells in-the intact loop hot -and cold legs,. respect1ve1y. The corresponding

. DX, GRAY and FRIC array entr1es are a]so g1ven :

The pipes of “the broken 1oop (PIPE2 PIPE4 and PIPE7) have geometry array
va]ues corresponding to a s1ng1e 1oop.. The FA array contains; va]ues 0. 0051
?and 0.0123; the HD array conta1ns 0.0808 -and -0.125--numbers that correspond
‘exactly with the values given in; Table 4.1 for the s1ng]e 1oops The volume
‘array (VOL) contains values that correspond to segments of*~ a s1ng1e loop. .
.Figures 4:9;and 4.10 show diagrams of the PIPE ceils .of. the.broken loop hot
‘and cold legs,.with the corresponding DX, GRAV'and FRIC array entries. =

The fluid in the 1ooo.piping (both intact and broken loops) was
“initialized-with 'stagnant steam at the- system operating pressure. That is,
‘the pressure array - (P) was set to 4. 6(105) N/m2 the velocity array (VM) was
set to zero and the void fraction array (ALP) was set to 1.0. The liqiud
temperature array, TL, was initialized at the saturation value for the
pressure. ’ ’

The intact loop piping (PIPE9 and PIPE10) connects in a closed loop from
the vessel upper pienum, through the steam generator (STGEN8), to the
downcomer inlet nozz1e -The--broken 1oop piping (PIPE2, PIPE4 and PIPE7) is
terminated by BREAK components simulating the containment tank. These
components are BREAKs #5 and #6, and supply time-dependent pressure boundary
conditions on the Dr1marv system correspond1ng to the break pressure table
given in Table 4. 6

4.16
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TABLE 4.6, Test Parameters and Boundary Conditions
Contaimment Back Pressure at Break Position - -
time (seconds) 0 10 20 30 40 5% 75 100 125
pressure (bar) 4.6 4.36 4.18. 3.93 ,.3_778. 3.71 3.4 364 3.60

150 20 300 3%
3.50 339 3.4 3.0

Power Per Rod -

time (seconds) 0 1.8 63 75 100 125 150 200 250 300 350
pwer (ki) 0. 4040 3.9 375 362 35 33 318 305 2.87

Cold leg ECC Injection Rate -

flowate (kg/sec) 22.0 223 203 175 148 13.0 19
Temperature of ECC Injection Water -
time (seconds) 1 2% 5 75 100 125 150 175 200

tamperature (°C)  50.49 . . 50.49. 51.47 52.3. 52.42 52.73-53.81,53.3% 53.52 -

i

25 %0 275 300 325 350 375 400 425
53.52 53.60 53.28 53.36 53.28 53.36 53.13 53.68 53.4

450 475 500
53.52 53.36 53.44
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FIGURE 4.8. COBRA/TRAC Model of Intact Loop Cold Leg Piping (PIPE10)
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4,2.2 Steam Generator Components

The_three steam generators in the PKL faci1ity éfe«modeled with two steam
generator components, STGEN8 and STGEN3. STGEN3 modeils the steam generator in
the broken loop, and STGEN8 models the two steam generators from the double
and single intact loops. The steam generators are U-tube type, with 30 tubes
each in the single loop components and 60 tubes in the double loop
component. So STGEN8 models 90 tubes on the primary side, énd STGEN3 models
30 tubes. )

The inpdt for -the steam generator components is listed in Table 4.7. It

tl is important to note in the geometry input for STGEN3 that the flow area and

hydraulic diameter of each cell are that of a single tube, while the volume
corresponds to the:volume of all 30 tubes. For STGEN8, the flow area is that
of one double-loop tube b]us one single-loop tube, while the volume

: corresponds to the volume of the 60 doub]e-]oop tubes p]us the 30 single-loop
- tubes on the intact side. ' :

The heat transfer areas entered in arrays WAL and’wAZ for each steam

.. generator component ref]ect the..total . area ‘available within each node length

in all tubes For STGEN3 -the WAl array. entries are 30 times the inside
surface area of one tube. . For STGEN8 the WAl array entries are 60 times the

?7] inside. surface area of a double-100p tube, Pplus 30 t1mes the inside surface

~area of a s1ng]e-1oop tube. The entries in the WA2 arrays are calculated

~..similarly, ‘using- the tube outside diameters. (Note that "although the primary

~ tubes pass twice through .each cell of -the secondary side, the entries in WA2

" reflect only the surface area of the "up side" of the tubes. The code

_automatically doubles the WA2 array values to account for the “down side" half
of the tubes.) '

The steam generators are initialized with stagnant steam on their primary
sides. Material temperatures are set to the saturation temperature at the
system pressure. The secondary sides were given an initial liquid level and
fluid temperature correspond1ng to the data 11sted 1n Table 4.5, and an
initial pressure of 5.3MPa. : : :

]

P



The steam generator components connect to the hot and cold leg piping on
their primary sides. The secondary sides, however, must be supplied with
boundary conditions. The exit from a secondary steam dome can.be modeled
quite s1mp1y with a pressure boundary condition that corresponds to the steam
dome pressure. Break component #11 is used on the secondary of STGEN3, and
Break component #13 is used on STGEN8. The input for both of these components
is listed in Table 4.7. |

The boundary condition on the steam generator secondary inlet is not so
simple as that for the outlet. The COBRA/TRAC steam generator component
models the secondary only from the tube sheet inlet to the steam dome. It
does not model the downcomer or carryover flow paths. So the inlet boundary
condition on the secondary must be a flow boundary that includes the effects
of recirculation. Even in cases where the feedwater flow to the secondary is
zero, there can be significant flow at the tube sheet in]et; as a result of

boiling and recirculation. For this example, the:recirculation: flow can be

neg]ééted, and the secondary side boundary condition at the tube sheet inlet
is modeled as a zero flow condition corresponding to actual test'conditions.
The FILL components #12 and #14 modél- ‘these boundar1es for STGEN3 and STGEN8
respect1ve1y. ok . ' SR '

4.2. 3 VESSEL Component

The VESSEL component is used to mode] the pressure vessel and external
downcomer in the PKL system. The channel-splitting capability is utilized:to

. construct the input, which consists of 14 channels. in 5 sections. Channels 1

through 8 model the pressure vessel, and 9 through 14 model the downcomer. A
diagram of the vessel mesh is shown in Figure 4.11, and the vessel component
input is listed in Table 4.7.

The lower plenum is modeled by channel 1 up to the level of -the downcomer
pipe penetration, and by channel 2 (which connects axially to channel i) from
the upper edge of the downcomer pipe penetration to the lower tie plate. The
core from the Tower to the upper tie plate is modeled by channels 3 and 4
(connected axially). The upper plenum is modeled by channels 5 and 8
(connected laterally), with channels 6 and 7 modeling the volume directly
above the holes in the upper tie plate. The areas for channels 6 and 7 equal
the total flow area through the upper tie plate, and they have hydraulic
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TABLE ‘4.7.  COBRA/TRAC Input File forﬁﬁktfiestﬁk§:_‘v

2

second pass June 1981

Lo e 14
pipe ..

R S LV R I

14 14 S 1

. 1.0e-03, . 5. g

11

cb SN G o os

.08 .00635:.». i e
- 295- <

.00421r 2 .0099%6e
.0123e

- .66r 2
.003366r 2
.0051r 2
.0306r 1
“.128e

o1l :““fl;r”iaiféxh;f7éée.'
“U.0808r2 U i125e - TR

4e
O
l.e

. 421. 35e

460000.e .

.0164r 1 0.0r 1

S0 e

- pk1 refill reflood test k-9 con 1eg 2 ended break co]d 1eg 1nJect1on

g

__b;q‘

e

>



8

4 —h -h =h =h =h 3 I 3 I I I =3

W == = == NN

pipe

12

0

.0404

295.
.869r10
.010689r10
017r 2
.0063r 1
.0098r 1
-.866r 6

- 125r10

- Qe

- 0.0e
1.0e

~ - 0.0e
421.35e
460000.e

pipe

-4 - 3 3 3 3 3 3 3

W o - N -

5

0

.074

295.
.66r
.010032r
.015156r
37r
.0584e
0.0r 2
.609r 2

de

0.e

[ L

- TABLE 4.7. (continued)

4
0
0
.00635

1.00688e
.005135e

.0123r10

- .0007r
0.0r
=1l.r

~ .0808e

9
0
0
.00635

1.2122r
.018425r
.01181r
0.0r

1.0r
.942e

1
1

1 .

— e =N

10

.0051e

0.0r 1

.0098r

o 0.0r

.8553e
.014322r
.9449r
.0615r

.766e

15 e g
- .0602r 2 © 0.0
40.0r 1 1.4143e

-~ 1.0e o

6 6
.031069r 1 .302815e
.036325r 1 .0354e

.0389r 1 .0121



l.e

0.0e
421.35e
460000.e

- —h -h -

pipe
13
0
.0404
-295.
., »9425r11
.03424r
.0354r .
0.0r
0.0r
.8173r
-.866r
.94248r11
4e
0.0e
1.0e
0.0e
421.35e
460000.e

W s e e s =
QN e = s

h h ~h —h o h 3 3 3§ oy o~

-~ TABLE 4.7. (continued)

10

0

0
.00635

-.03243r10
.036325r 1

.085r 1
.1352r 1

0.0r 1
-1.0r 1

. .60884e

10

.01625r 1

.03025r10
.0094r 1
0.0r 1
.5679e
0.0r 4

4.26

~ .01394e
-.01516r 1

0.0r 1
.1352r 2

1.0r 3

{\
o
6
%0131e
. +8513
5040
" 0.0e
A
[



pipe

4 —h =h =h —h —h —h —h —h —h

stgen

A rl
rl
rl0
ril

rl

8
0
.0404
295.
.6
.00306
.0051e
O.e
0.e
.0808e
de
0.e
l.e
O.e
421.35e

- 460000.e

20
1
.019
9
.435r18
.0074r18
.0123r 1
.0188r19
1.0
.125r19
le
.1152r18
1.0e
0.0e

TABLE 4.7. (continued)

7
5 7 6
1
.00635
.3 .15 - .075f .03725e
.00153 .000765 .000383f ©.00019e
3
2 0 - 6
0 1 '
.0015
12 11
.9617 " .435e
.008180 ',0074e
.017r18  .008506 .017e
0.0r1 L0523
2707 -.707r 9 - -1.0e
.019 .125¢e o
1.7674 .1152e
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stgen

= 5 5 35 =3

- 3 -h

-t

W P = s

421.35¢

421.35e
460000.e
.9617
.0622e
50647
~ 0.0e
1.0e

.125r 8

le
1.994e
0.0r 1
0.0e
540.65e
540.65e

5300000.e

543.65e

18
1
.0095
8
.1915r16
.0107rl6
.0354r17
.2399r17
1.0r 1
.942r17
le
.1152rl6
1.0e
0.0e

~+ TABLE 4.7." (continued)

.9867e

70,0614

.0624

1.0e

.0015
14

1.093r
.02789r
.025518r
0.0r
.707r
.019r

6.0063r 1

= s e s et e

.0592e

13

7 .1915e
- .0107e

+0354e
+-5926e

=.707r 8
".9425e

- «1152e

‘.:40 28

1.0e
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g

A

- =h =h ~h -h S “h -h ~h ~h —h —h —h —h —H —h ~h

‘break

break

fin

fill

421.35e
421.35e
460000.e
~1.093e
~.1795e
16424
0 0.0e
1.0e
.0528e

le
6.7763e
‘5“"'1.0r
- 0.0e
- 543.65€
-'543,65e
5300000.¢e
' 543.65e

1
. 9867

13
1.093

12
. 9867
5300000.

14
11.093
5550000,

* " "TABLE 4:7. . (continued)

" 0.0e

11

.0622
12

.1795
13

.0622

14

.1795

11

12

1.
13

429

" Tsa0i65

" 543.65

0.0

0.0

5300000.

35550900)
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13

1.

10.
393000.
75.
360000.
300.

6

13

1.

10.
393000.
75.
360000.
300.

1

+3126

break 5
15 1
1.00688 .005135
0.0 460000,
418000. _ 30.
50. 371000.
364000. 125.
200. 339000.
300000.e
break 6
7 1
.03725 .0051
0.0 460000.
418000. 30.
50. 371000.
364000. 125.
200, 339000.
300000.e
vessel 1
-1-pk1 k9 reflood and refill test
1 28
350. ‘
66.7. -1180.08 | - 0.0
2 14 2
1256.548.24 0
2255.048.24 56.98 0
948.6924.74 0
3 79.6484.556.98 0
1048.6924.74 0
4 79.6484.5 56.98 0
1148.6924.74 0
565.31214. 0

4.30

: TABLE:4.7.:;(c0ntinued)

3

548.
436000,
40,
364000.
150.
314000.

3
548.

436000.

40.
364000.
150.
314000.

~.320000.

\/'\

- 20.

38000, . 7

--100.

. 350000.

350.

320000.
.o 20,
.-.378000.

- :350000.

coi . 350,



628.49114.
728.49 114.
865.31214.2
12291.160.4848.69

1348.6924.74
14107.224.74
31
4 1
3 5 .
1. 5 624.127.607
1
2 6  715.356.517
1
3 7 824.127.607
1
4 1 14 7.87 30.
1
5 14 13 7.8724.31
1
0
4 5 2 1
1 3 2 18.50
1 2
13 9
14 14
2 2 2 18.50
2 3
9 10
3 2 8 10.62990
3 4
10 11
4 2 8 11.55017

" TABLE 4.7.

O O O O

0.0

0.0

0.

0.

0.0 0
0.0 0
0.0 0
1.0 0
1.0 0
1

13

14

1

;(Edhtinued)
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0.5 5
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8 1
1 1
1 1
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TABLE 4.7. (continued)

3
10
12.32

o & H O

11

2.3306  3.6691 4 1.

0

12

.05 337. 1. 440,
12 |
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=4

74.016

139.842

221.929
9 1
1 hrod
31

10 2
1 12

200.
600.
1000.
1400.
1800.
2200.
2 12
200.
600.
1000.
1400.
1800.
2200.

11 1
1 19
74.016
99.881

139.251

214.054

241.613

0.0

100.
250.

298.8

1056.2
898.6

.42323
.1102 0.

196.67
.2385
© .2800
3000
.3080
311
.3150
518.22
.1199
.1199
.1199
.1199
.1199
.1199
11 0
153.542
0.0
.6497
1.0554
1.0554
.6497
0.0
.9375
-7950

93.976
164.842
228.818

0.0
1 2

11.4
7.8
4.3
3.0
2.5
2.5

7.77
10.06
12.24
14.40
16.52
18.62

85.088
99,882
139.252
214.055
241.614
1.8
125.
300.

TABLE 4.7.

672.8
1119.2
- 858.2

.0079 1.

- 400.
800.
1200.
1600.
2000.
2400.

400.
800.
1200.
1600.
2000.
2400.

0.0
.8726
1.1888
.8726
0.0
1.0
.9050
. 7625

(continued)

107.756
189.645
235.708

.2625
.2900

.3050

.3100
.3125

»3170

.1199

.1199
.1199
.1199
.1199

- .1199

88.070
115.62
190.432
229.802
251.456

63.
150.
350.

831.2 127.441 = 1020.2
1117.4  212.086 1041.8
789.8 - 251.52 298.8

.0541 0. 2 2.0394 0.

9.5
5.6
3.5
2.7
2.5
2.5

8.94
11.15
13.32
15.46
17.57
19.68

0.0 -88.071 . «6497

.8726  115.63 1.0554
1.1888  190.433  1.0554
.8726  229.803 . .6497
0.0 -
1.0 75. .9775
.8775  200. .8350
7175
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TABLE 4.7. (qontinued)

4 2 1 1

1.0136 5.0

0. .001 1.0 1.5
.0864 350.

L6727 2409 .5909 26.
3 0.0

3 0.0

3 0.0

3 0.0

3 0.0

3 0:0

3 0.0
4 1 48.51
3 0.0
.

3

3

3

3

2

0

.0864
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diameters equal to the hydraulic diameter of a'single tie plate hole. This
modeling convention is required to model effects such as counter-current flow
limiting at the upper tie plate. Only channels 6 and 7 have axial connections
to the core (channel 4 below); channels 5 and 8 have zero-fTow _boundaries at
their inlet, modeling the solid portions ; of the lower t1e p1ate “Channels 5,
6, 7 and 8 have gap connections that perm1t transverse f1ow in the upper
~plenum, The junction -connection with the intact loop hot 1eg (PIPE9) is

- located: 1n “channel 8, and the junction connect1on with the broken' 1oop hot leg
is in channe] 5. The flow boundaries at-the top of the upper p1enum channels
are set to zero, so the only flow paths outﬁof the,vesse} are‘the hot leg
junctions.. ' | ' . |

The hor1zonta1 segment of the downcomer p1pe 1s mode]ed by channe1s 13
and 14, Local flow boundary conditions (supp11ed dn’ group 13) are used to
zero the ax1a1 flow in channel 14 and: perm1t only transverse flow into or out
of channel 14 through gap connections to channe] 1 and to channel 13. Flow
boundary conditions are also. imposed on channe] 13 to perm1t axial flow on1y
at the top of the channel. ' o L

The downcomer 1n1et structure is modeled 'with channe] 12 A zero flow
boundary condition is used at the top of channel 12. The junction: connections
to the intact and broken loop cold leg pipes‘(PIPEloyandfPiPE7; respectively)
are located in channel 12. There is also a special flow source boundary
condition 1n channel 12 to mode1 the ECCS injection 1nto ‘the downcomer

The mater1a1 structure. of the . pressure- vessel- and downcomer ‘can be
modeled with unheated conductors (see 1nput group 8), but s1nce the system was
preheated w1th steam. to a stable initial temperature, therma1 1nert1a effects
were assumed to be sma]l Only the segment of the pressure vessel enclosing
the core was mode]ed for th1s s1mu1at1on This requ1red two unheated
conductors: one connected to channel 3, and one connected to channel 4. The
rods in the core are- mode]ed by a single average rod w1th the average power
generation rate of the core. It is given an initial temperature profile
calculated from the rod temperatures reported in the test data at time zero.

The input data for the VESSEL also includes loss coefficients to model
the grid spacers and tie plates in the core. The graphics input is set up to

4.36
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ask for data on the VESSEL, the broken loop hdt leg (PIPE2), steam generator
(STGEN3), and cold leg piping (PIPE4 and PIPE7), and the intact loop hot
leg. Table 4.7 lists the vessel input. The correspondence between the PKL
system description for test K9 (see Tables 4.2 and. 4.5) and .the COBRA/TRAC

input is fairly obvious.
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