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ABSTRACT 

The SCORE-EVET c6de was developed to study multidimensional tran­

sient flu.id flow in nuclear re-actor fuel rod arrays. The conservation 

equations used were deri"ved by·volume averaging the transient compress­

ible three-dimensional local continuum equations in Cartesian coordinates. 
No assumptions as~ociated with subchannel flow have been incorporated 

into the derivation of the conservation equations. In addition to the 

three-dimensional fluid flow equations, the SCORE-EVET code contains: 

(a) a one-dimensional steady state solution scheme to initialize the 
flow field, {b) steady state and transient fuel rod conduction models, 

and (c) comprehensive correlation pack~ges to describe fluid-to-fuel rod 

interfacial energy and momentum exchange. Velocity and pressure bound­
ary conditions can be specified as a function of time and space to.model 

reactor transient conditions such as a hypothesized l~ss-of-cnolant 
accident (LOCA) or flow blockage. 
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Cross-sectional area 

Wetted surface area per unit cell· volume 
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SCORE-EVET: A COMPUTER CODE FOR THE 

MULTIDIMENSIONAL TRANSIENT THERMAL­

HYDRAULIC ANALYSIS OF NUCLEAR REACTOR 

FUEL ROD ARRAYS 

I. INTRODUCTION 

This document presents a description of the SCORE-EVET code nu­

merics and organization, constitutive relationships, and user input 

requirements. The SCORE-EVET code is based on the three-dimensional 

volume-averaged equations presented in Reference 1. 

Development of the SCORE-EVET code was initiated by the Atomic 
Energy Commission (AEC) and continued under the direction of the Nuclear 
Regulatory Commission (NRC). This code development effort was directed 

toward improved multidimensional transient computational modeling of 

wat~r reactors under hypothesized accident conditions .. 

The approach taken in developing the SCORE-EVET code is different 

than that of other multidimensional codes used for reactor analysis. 

The SCORE-EVET conservation equations were not developed on the basis of 

subchannel fluid flow assumptions. Th~ basic volume-averaged transient 

three-dimensional equations for'flow in porous media were developed 
first[l]_ These volume-av~raged equations form the heart of the code. 

In SCORE-EVET these equations are solved in their general form.with 

constitutive relationships and boundary conditions tailored to define 

the porous medium as a matrix of fuel rods. By retaining generality in 
the form of the conservation equations, a wide range of fluid flow 

problem configurations -- from computational regions representing a 

single fuel rod subchannel to multisubchannels or even regions without a 

fuel rod -- can be modeled without restrictive assumptions. The completeness 
of the conservation equations has allowed the code to be used, with 

modification to the ~onstitutive relationships, to calculate three­

dimensional laminar boundary layer development, f)ow fields in large 

bodies of water, and, with the addition of a turbulence model, turbulent 
flow in ~ipe expansions and tees. 
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The following sections of this report contain: the summary descrip­

tion of the code (Section II), the conservation equations and numerical 
algorjthms for fluid and energy transport tsection III), the fuel rod 
thermal transport model (Section ·IV'), a brief description of the constitut.ive 

relationships and equation of state (Section V), and the program description 

(Section VI). 

The appendixes contain: the SCORE-EVET input data description 

(Appendix A), a description of th~ .bO!Jndary condition specification 

options (Appendix B), a detailed description of the.constitutive relationships 

(Appendix C), a brief description of the SCORE-EVET subroutines (Appendix D), 
and three sample problems (Appendix E).· 
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II .. SUMMARY DESCRIPTION OF SCORE-EVET 

SCORE-EVET is a three-dimensional transient thermal-hydraulic code 

for transient analysis·of water reactor cores under hypothesized accident 

conditions. The major features of this code are described below. 

(l) Three-dimensional transient compressible conservation equations 

are .used to model the flow field in fuel rod arrays 

(2) Initialization of the flow field is accomplished by solving 

the steady state one-dimensional form of the conservation 

equat~ons 

(3) A comprehensive collection of constitutive relationships for 
fluid-solid interfacial heat transfer and momentum exchange is 
provided 

(4) A steady state and transient fuel rod thermal transport model 

is included to calculate fuel rod temperature and surface heat 

flux 

(5) Steam and water properties are accurately described for the 

complete range of temperatures and pressures found under 
hypothesized water reactor accident conditions 

(6) Temporally and spijtially varying pressure and velocity bound­

ary condition specifications are allowed 

(7) Printed output is avajlable in two forms: (a) three-dimen­

sional array output and (b) individual flow channel and fuel 

. rod output 

(8) Tape restart capability 1s provided. 
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The major assumptions a-nd 1 i,mitations associated with SCORE-EVET 

are giv~o in Table I. The sections which follow describe the basic 

features of the SCORE-EVET code and its input. The complete description 

of the volume-averaging procedure used to develop the conservation 

equations can be found in Reference 1. 
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TABLE I 

MAJOR ASSUMPTIONS AND LIMITATIONS 
OF SCORE-EVET 

Assumptions or Limitations 

Homogeneous compressible fluid in 
thermal equilibrim 

Geometry constant with time and 
x-direction 

Isotropic turbulent mixing 

Volumetric heat generation 
neglected in the fluid 

. Fluid drag forces represented by 
w~ll friction and form drag · 

Maximum time step limited by 
Courant restriction, maximum 
At < ~y./v. 

- 1 1 

Boundary specifications limited 
to the inlet and exit planes 

One-dimensional steady state 
initialization of flow field 

Fuel rod-to-coolant heat transfer 
modeled with one-dimensional 
steady state heat transfer and 
critical heat flux correlations 

Fuel rod modeled one 
dimensionally 

5 

.Equations Involved 

All fluid equations 

All fluid equations 

Momentum and energy equations 

Energy equation 

Momentum equation 

All fluid equations 

All fluid equations 

All fluid equations 

Energy equation 

Fuel rod thermal transport 
equation 



III. CONSERVATION EQUATIONS AND NUMERICAL ALGORITHMS 

FOR FLUID.AND ENERGY TRANSPORT 

The basis for the SCORE-EVET computer program is the numerical 
algorithm for the conservation equations of mass, momentum, and energy. 

The conservation equations were derived by volume averaging the transient 
compressible three-dimensional local continuum equations[lJ. Using the. 

appropriate boundary conditions and constitutive relationships, this 

general equation set solves for transient multidimensional homogP.nPn''" 
[equal phase velocity and temPerature (EVET)] singlP.- nnrl twn-rhnsP. flow 
~n fuel rod arrays. In addition to the transient multidimensional 

equations, a steady state one-dimensional algorithm has been included in 

SCORE-EVET to provide initialization of the flow field. 

The following description centers oh the numerical form of the 

volume-averaged equations. The details of the volume-averaging pro­
cedure are given in Reference 1 and are not repeated in this document. 

1. BASIC tQUATIONS 

The general forms of the volume-averaged three-dimensional e4ud­

tions, as derived in Reference 1, are: 

The conservation of mass equation is 

( 1 ) 

where E is the porosity defined as the ratio of fluid volume to total 

volume (Vf/V) in a computational cell; and ~ and vk Ol"e the fluiJ 
average density and velocity, respectively. 

The linear momentum balance is 

a(EpVi vk) 

ayk 
= - E 

6 

+ M. 
1 

F. + Epg. 
1 1 (2) 



where Mi represents the momentum interchange between adjacent fluid 

volumes due to viscous shear forces and velocity fluctuations, and F. 
1 

represents both form losses and fluid/solid interfacial momentum exchange. 

The constitutive relationships describing Mi and Fi are discussed in 
Appendix C. 

The conservation of energy equation is 

a -- (t:pl) at 

- -

-
( k "T ) + _a_ ( _k a I ) 

a ay E:P t -:;Jy 
ayk k k 

(3) 

where I and T are the fluid average specific internal energy density and 

temperature; respectively. The first term on the right side of Equa­
tion (3) represents the change in internal energy due to molecular heat 

conduction. The second term on.the right side of Equation (3) repre-
·sents the net change in internal energy due to the fluctuating com­

ponents of velocity and energy. kt is the turbulent thermal diffusivity 
coefficient and is described in Appendix C. The third term on the right 
represents pressure-volume work. The work due to the time rate of 

-
ch_ange of po.rosity (P as) has been neglected .. The last term (Q ) on 

at w 
the right side of Equation (3) is fluid/solid interfacial energy ex-

change per unit volume. In the SCORE-EVET code, Qw can be specified as a 

function of space and time or it can be calculated using a fuel rod 
thermal model and the relationship 

-
Qw = AWQ * h(Ts - Tb) (4) 

where AWQ is the ratio of he~ted surf~ce area to total cell volume, h is 

the heat transfer coefficient, Ts is the surface temperature for the 

fuel rods, and Tb is the average fluid temperature. The fuel rod 

thermal transport model used to calculate Ts is described in Section IV, 

and the constitutive relationships used to describe h are described in 

Appendix C. 
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In adoitiqn to constitutiv.e. reJa.tion~hips for fr.iction, form 

loss~s, b~at transfer, and turbulent exch~ng~, closure of the equation 
set requires an equation of state. The form of the equation of state 

is 

rs = f (P, n ( 5) 

2. NUMERICAL SCHEME 

The numerical technique u~ed to solve Equations (1) through.(3) is 

based on the marker and cell (MAC) method for intompressible flow as 
modified by Hirt ~nd Cook[ 2] and the implicit continuous fluid Eulerian 

(ICE) method for compressible flow[ 3J. The essential .features of these 

two ~ethods are: (a) the continuity equation is implicit in density and 

velocity, (b) the linear momentum equation is implicit in pressure, and 

(c) the energy equation is pu~ely explicit. 

Rearranging the momentum equation, Equation (2), and applying the 

continyity equation, Equation (1 ), yields a form of the. momP.nt.11m PCJIIi'l­

tion that is comp~tible with the incompressible MAC technique. The new 

form of Equation (2) is 

av. <1 ( v ~ ;\) aP av 
1 + 1 £ + k 

= - v. 
at ayk (r.p) ay. 1 ay~ 1 

+ M. /t:i5 - F i/Efi + g .. (6) 
1 . 1 

The region in which complJtations a.re to be performed is d~,ioed 

into a set of small rectangular cells of size £\xi' liyj, and L\zk. Ac;. 
shown in Figur~ 1, velocity components are located a~ c~ll fa~es; an~ 

density, specifjc internal energy, and pressure are l.ocated pt cell 
centers, as shown in Figur~ 2. Cells are labeled wit~ an index (i, j~ 

k) as counted from the origin in thP. x-, y-, z-directions, respectively. 

A time-dependent solution is obtain~d by expressing Equatio.ns (1), 0), 
and (6) in finite ~iff~rence form using the stagger~d ~ell arrangement 

'. 

shown in Figure 3 and advancing the v.ariables through a sequence of 

short time steps of duration L\t. The advancement for each time step j$ 

.e 
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accomplished in two stages. In the first stage, all quantities are 

advanced explicitly. These quantities then provide the initial esti­

_mates for stage two in which the implicit quantities are obtained by 

means of a cell-by-cell iteration process. In the difference equations 

which follow, the fluid average symbol (-) has been omitted for con­
venience and the velocity components are denoted by u, v, and w. 

The specific finite difference equations are: 

(1) The mass conservation equation: 

( EP )~,;,~ = ( EP) i,j,k + '~ { U~~ ~ /2j,k [ ( EP )~~ tj,k + ( EP )~~'~)] 
'+ "xI u~~ ~ 12j,k I [( EP) ~~ ~j,k - ( EP) ~;;] - u~: ~ 12,j,k [( EP) ~;.~ + ( EP) ~: ~,j,k] 

"xI u ~: ~ /?,j,k I [( EPJ~}.~ ( EP) ~: L.J] /xi + [ v~; ~ 1 /2,1< ~ EP) ~} ~ 1,k 

+ ( EP )~,;.~] + "y I v~,;~ 1m I [(to)~.;~ 1,k - ( EP) ~;,~ - v~,;! 1 /2,'< ~ EP) ~5.~ 

+ ( EP )n+ 
1lk1-· "y I v~5! 1 /ZI< I [ ( EPl~Jl - ( Ep )~;! 1,~ /•Yj 

+ [ w~;;,~~ 1/2 ~ EP )~Jl-1 + ( EP) ~;] + "z I w~;,~ -1/21 [' EP )~5,~- 1 

(Ep)~;;J • W~,~+ 1 / 2 [(Ep)z;; + (Ep)~'~+J - azlw~;,~+;/2 1 [(Ep)~l~ 

- (Ep)~J+1] )zk ~. (7) 

(2) The linear momentum 

11 

~; + l,j,k 

£i+l/4j,k + t.tgx 

(ui+l/Zj,k + ui+3/2,j,k) 



+ axlu.i+1j,kl (.ui+1/2,j,k- u.-i+-3/4-j;k)- ui,j;k (ui--'l/2j,k + ui+l/4-j,k}- axlu;,j,kl. 

~i- 1 /4.i.k - "; + 1 I 4,j,k ~- 2~; j t i+ 1 /2j+ 1 /2.1< (ui+ 1 /4,i,k +ui + 1 /4.i+ 1,k) 

+ ay I vi+ 1 /4.i+ 1 12.1< I 0i+ 1 /4.i.k - "; + 1 /4.i+ 1,k) - v i+l"/4.i- 1 12.1<. 

- 2~~k [wi + 1 /4.i,k+ 1/2 ~i + 1 /4.i,k + "; + 1 /?,j,k+ 1) + azl W; + 1 /2j,k+ i /21 

ti + 1 /4.i,k - "; + 1 /?j,k+ 1) - wi+ 1 /4.i,k-1 /2 ti fl /4,i,k- 1 + "; + 1 /?,j,k) -

azlwi-+1/4,i,k-1/21 fui+l/2j,k-1 _· "i+1/4.i,k\l + Zot . [ ui+1/4j,k \ }j t.x;+t.xi+1 

~i + 1;j,k -ui,j,k~+ ~;j [ui+ 1 /4.i.k (vi+ 1/2j+ 1/2,k - vi+ 1 /4.i- 1 /2,J] + ~~k 
ti + 1 /4.i,k (w-i+ 1 /2,.i,k+ 1/2 ~- wi+ 1 /?J,k- 1 12)} + ~t M~+ 1 /4i,k) I ( op l i+ 1 /4j,k (a) 

with similar 1 i.near momentum eq_uations for the y- and· z-di recti ons. 

(3) The energy equation: 

(Ep)~.~~ I~~~-- = (Ep) .. ki .. k + ~Tl[_u. 1f'>·'k ((Ep) .. , ·t. I. 1 'k 
. l;J,~. 1!"J,~. 1,J~' 1,J~ ... . 1 . . c,.), ' ,,_ ~oJ,r\ 1 - J, 

I (~:.p). k I .. k) +a 1-u._l/"'kl ((cp)1._,J'k I1.·-1J'k- (~IJ)1J.:k li,:jk)', 1J, 1,J, X 1 t:,J, . . t,. , , , • • . ·' 

u i + 1 /2j,k ~ op) i..i,k I i;j,k + ( EP l; + l,i;k I i+ 1j,k) - a,l "; + 1 /4.i,k I ~ EP) i,j,k 

- (Ep).+1'k I.+l,·~~~t.x .. + [··-1/2, .. k ((~p) .. _1k 1 "-1k 1 ,J, 1 J, 1. : 1J . 1,.] , l,J ' 
' . 

+ ( E P) .. k I .. k\ +. a I v .. -1 I 2,k I I{ E P) .. -1 k 
. .lJ, 1J, <) y 1J \ 1,J ' I .. 1 k - ( EP) .. k I .. k)· 1,J - ' 1,J, lJ, 

12· 

I .. k l,J, 



.v.ij+ 1 I Zk (( o~) ij,k I ij,k + ( <P) ij+1,k I i,j+ 1,k) - "y I v ij+ 1 14k I 

~ op) i,j,k I i,j,k -(op) ij + 1,k ; i,j+ 1,k~ ~y j + [w ij,k- 1 I 2 ~ op) i,j,k- 1 I i,j,k- 1 

+ (op)i,j,k ;ij,k) + "z lwij,k-1121 ((op)ij,k-1 Ii,j,k-1 - (op)i,j,k ]ij,k) 

- w ij,k+ 1 I 2 ~ EP) ij,k I ij,k + ( EP) ij,k+ 1 I i,j,k+ 1) - azlw;,J·,k+l/21 ~EP)'·k I .. k 
' . . l,J, l,J, 

(Ep). 'k+l I. 'k+l)~}zk }- L'.t [P .. kE· .~ [ui+l/2j,k ~ ui-l/2,il_ ., -. ~ .· l,J, l,J, 1,J, 1,J, L'. X . 
1 

+ ~j+l/2,k - ·V;j.:.l/2~ + wi,j,k+l/2 - w\j,k-1/2] + L\t(k + k ) {[2( ) 
L'.yj L'.Zk. t . Ep i+l/4j,k 

(I i+ 1,j,k I i,j,k) I("; + "; + 1) 2 ( oo l; -1 l?.i,k ~ i,j,k - I i- l.j,1 

~xi + "'i-l)]/xi + [ 2(op)ij+114k (Ii,j+l,k Iij,k)/h + "Yj+1) 

- 2(op)ij-112,k ~ij,k - Ii,j-l,k) /("Yj + "Yj-~ "Yj + [2 (opl;,~k+112 . 

(; i,j,k+ 1 - I ij,k) I ("'k + "zk+ 1) - 2( <P \i,k- 112 (I i,j,k - I i,j,k-~I ( "zk 

(9) + "zk-1)]fzk! . + "t Q~jk . 

The superscript· n+l denotes an advanced time quantity, whereas no 
superscript denotes the previous time values of any quantity. In 

Equation~. (7~ through (9), the donor cell and centered finite differ­

en~i~g ~av~:been combined. a ~s the donor cell weighting factor such 

that_c:~.; .=. 1 yi~lds full donor cell ,differencing, and a; =:= 0 yields 
centered differencing. Quantities required at positions other than 

where they are defined are calculated as simple averages~ for example, 

ui,j,k = (ui+l/?,j,k + ui-l/{,j,k)/2. ~t s·hould be noted that in the present 
version of the SCORE-EVET code, the porosity is not allowed to var.Y as a 

function of time and is slowly varying; that is, aE terms have been 

neglected. 

:.13 
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To obtain the implicit character described in Equations {7).~nd (S}, 
the following cell-by-cell calculational procedure is used: 

(1) The advanced-time specific internal energies (jn+l) are 

calculated using EquatioB {7) explicitly (all previous time values on 

the right side) and Equation (9). 

(2) The tentative advagced-time velocities for each c~ll are 
,. 

cal2~lated according t~ Equation (B),·a~d the correspon~ing equat~Ons 

for v and w, using the previous time pressure . 
. :. 

: ;.. ~ .. 
(.J) The tentative adv(lm:.ed-thne pres::OLH'e i::. calt:uldl.ed ~tict1 t.IJrlt. 

the pr.essure adjustment in each cell is proportional to the excess·mass . . . . . . . . . 

s. "k that accumulates in the cell beyond that consistent with mass 1,J, . 
conservation, that is: 

' i 

Pn+l 
i , j, k 

A 

= P. . k + oP. . k 1,J, 1,J, ( 1 0); 

.. \; 
oP. . 

1 'J. k 
MS .. k. 

1 'J ' 
·, .. 

( 11 ) 

. ~ 

" and· 

s .. k 
1 ,J' 

n 
Pi,j,k- Pi,j,k -1\f:' __ _ [q(~ ~k)j· .. ·.. . :·.·,.· ,' ··. ' 

ax , '· :;·. (12) .. 
k • . • k' I 'o,. -" 

, 1 'J ' : l ., 
·~ i.. ':. 

where 'ti represents the o'l d time va 1 ue: 

The superscript A denotes the most recent tentative 'adva:riceditime · · .,:,,... __ -. 

quantity, and the divetgente term'in Equation (12) is diff~~enced ~~·fri~ 

Equation {7). For the first iterat1on·of any time step 'the'tentative~;: 
density (p) is caYculated as 

p = 

.. ! 

; · . .:. -~ 
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(4) The new advanced-time velocities are then caTculated from the 

new pressures by 

n+l + 2llt e: i + 1 I 2j k 6 P i,jf 
ui+ll2,k = u i + 1 I 2J,k (t~xi+llxi+l) ((e:p)~+ll2j,k1 

( 13) 

n+l 2llt e: i- 1 I 2j k 6 Pi j k 
Ui -1 12j,k = Ui -1 l2j,k (liXi + liXi -l) ((e:p)~-112jk) 

( 14) 

n+l 2llt e:. · l/2k oP. ·k 
v ij+ 1 12,1< + 

~J+ ' lJ, 
v i,j + 1 I 2,k = ( lly j + lly j + 1 } (( e:p ) ~j + 1 I 2,k) 

( 15) 

n+l 2llt e:. ·-l/2k oP; :k 
v ij -1 12,k = v i,j -1 12)< 

l,J • . .,J. 

(lly .+l\y. 1) 
( (e:p)~j-112,1<) J. J-

( 16) 

n+l 2llt e: .. k+ 1 I 2 6 P; · k 
wij,k+ 1 /2 = wi,j,k+ll2 + y~ .,J 

{llzk +t~zk+ 1) ( ( e:p ) ~j,k+ 1 I 2) 
( 17) 

'n+l 2llt e:. ',1< 112 oP· ·k lJ - 1zJ, 
w. 'k-112 wij,k-1 12 {llzk + t~zk-l} (( e: P ) ~.j,k- 1 I 2 ) 

l,J, 
( 18) 

Equations (10) through (18) are evaluated for each cell in turn using 
the previous velocity iterates on the right, front, and top faces and 

the new velocity iterates on the left, back, and bottom faces so that 

the velocity on a face is modified due to the pressure changes in the 

adjacent cell. The mesh is swept successively in the direction of 
increasing j for each (i, k) plane and in the direction of increasing k 

for each i column. This is a successive overr~laxation iterative 
procedure and is superior to simply using the previous iterates. 

(5) The new tentative advanced-time densities for each cell are 
~ 

then calculated from the equation of state in the form p = f (P, I) 
~ 

using the most recent value of P. The user may specify the use of the 

linearized equation of state op = oP/Ci where CI is the speed of sound 
at constant internal energy. In practice, using the linearized equation of 

state saves computational time with little loss of accuracy. 

15 



('6) Steps 3 ·throug·h 5-are repeated until the mas.s error (S .. k) 
. 1 'J ' 

between two cons·ecu.tive ·iterations ·is .below some sp·ecified tolerance. 

In the current version of the SCORE-EVET code, the tolerance on s .. k is 
. 1 'J ' 

specified in the following manner: 

[M 1
·n (Pi,j,klui,j,kl S. . k < CEP 

1 ,J, - 6X. 
1 

P· · klv. · kl + 1,J, 1,J, 
6y. 

J 

where the value of CEP is specified by the user (generally CEP has the 

value 10~2 ~ CEP ~ l0- 3). 

(7) The advanced time quantities become the previous time quan­

tities, and Steps (1) through (6) are repeated for the next time cycle. 

The value of 6T in Equatirin (11) must be chosen so as to ensure 
convergence of the iteration scheme. The value of 6T used in the 
present version of the SCORE code was derived by applying the successive 

overrelaxation method ·to the combination of the continuity equation 

(Equation 7), linearized momentum equations [Equations (13) through (18)], 
L and the linearized equation of state 6p = 6PICI. The form of 6T so 

derived is: 

- + ·(1 6t 

+ a i I v.i + 1 I 21 
vi+ll2 

·~ Jvi+ll2 ~ +a; lvi+l/2lj. 
LJ ~ 26y.· 1. . v.1··+l 12 .. i = i,j,k 

(pi - pi+~ .) ~ 

(pi + pi+l) J 
+ 

2 

I vi- 1 1 2· (Pi-1 - ~ i )\ t]-1 
vi-l/2 (p·i-1 + P;·)J~ 

2 

·( 20) 

where w can have the values 2 > w > 0. It should be noted that 6T, 

as defined by Equation (20), for an incompressiblefluid and porosity 



of 1, reduces to the incompressible form given in-Reference 2. That is, 

for incompressible flow in open volumes and equal cell spacing, Equa­

tion (20) becomes: 

tn = 
w 

2 6t 
1 

t::,y2 

( 21 ) 

General three-dimensional homogeneous compressible flow in porous 
media can be calculated using th~ equation set and the solution scheme 
presented. In the SCORE-EVET code, this scheme has been adapted to the 

solution of flow in fuel rod arrays. To adapt these numerics to flow in 
fuel rod arrays, the x-direction was chosen as the axial flow direction. 

Based on this designation, correlations for fluid/solid interfacial 

momentum exchange and heat transfer for fuel rods oriented in the 

x-direction in the coordinate system were incorporated into the code. 
ln addition, boundary condition specifications were limited to the two 

y-z planes which bound the computational region in the x-direction. The 

constitutive relationships and boundary condition specifications allowed 

are described in detail in Appendixes B and C. If SCORE-EVET is used 
to solve for informatibn other than flow in fuel rod arrays, only 

the constitutive relationships and boundary specification are changed. 

3. ONE-DIMENSIONAL INITIALIZATION EQUATIONS 

An initialization routine has been included in the SCORE-EVET code. 

The axial velocity (u), density, internal energy, and pre~sure for each 
computational cell are initialized by solving the steady state one­

dimensional mass, momentum, and energy equations for the x-direction. 
The one-dimension(ll PCliJntinns are as follows: 

The mass conservation equation is 

ClcpU 
ax = 0. 

1 7 

(22) 



The linear momentum equation is 

E: .E.£_ 
ax = 

The energy equation is 

2 -at:p u 
ax 

a(t:pul) 
ax = Q -w 

F + t:pgx . x. 

Pa(t:u) 
ax 

(23) 

(24) 

These three equations are subsets of Equations (1), (2), and (3). 

Turbulent momentum and energy exchange in the axial direction have been 

assumed small in Equatiohs (23) and (24). The finite difference forms 

of the conservation equations are: 

The mass conservation equation: 

(t:p)._l · k u._l/2 · k - 1 ,J, 1 ,J, 
ui+l/2,j,k -· · · (t:p) .. k 

1 , J , 

The linear momentum equation: 

( p k ~ p I k ) 6 p1 .. - I ;· · 1 , J ,_ k F . · ·· . 
2 l,J, 1- ,J = c. = 1-I/L,J,k 

(~x. · k + ~x._.l · k) ~x._l/2 · k E:·-112- · k ' 1 ,J, 1 ,J, 1 ,J' 1 . ,J, 

where 

and 

+ 2 ~t:p)i-l,j,k u~own- (t:p)i:j.k u11p
2

) 
t.·-1/2 . k (6x .. k + 6x._,· .-k) . 1 ,J, 1,J, 1 ,J, 

= ui-l/2,j,k + ui-3/2,j,k 
? 

= ui-l/2,j,k + ui+l/2,j,k 
2 
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(25) 

+ Pi-l/2,j,k 9x 

(26) 

(27) 

(28) 



The ~nergy equation: 

= I.l "k. + 
1- 'J' 

(Q _ P. . (ui+l/2,j,k- ui-l/2,j,k) \w 1,J,k llxi <; ,j .J 
"i-l/2,j,k} 

(29) 
( 

liX. 

(Ep)._l .\ 
1 'J ' 

The staggered conservation cell arrangement used for the transient 

three-dimensional equation is also used for the one-dimensio~al steady 

state equations (Figure 3). The user specifies the average inlet 
velocity, inlet internal energy, and exit pressure. Equations (25), (.26), 

and (29) are then solved using the following procedure: 

(l) All axial velocities are set at the specified inlet-velocities, 

and all transverse velocities are set to zero 

(2) The core average properties are evaluated using the equation 

of state, the specified inlet· internal energy, and exit 
pressure 

(3) The average aP/ax for the core is evaluated using the inlet 

velocity, core average properties, and the constitutive re­
lationships for friction 

(4) The pressure for each ~ell is linearly ~alculated using the 

core average aP/ax, exit pressure, and the cell dimensions in 

the x-direction. 

From this point on, an iterative procedure is used. By advancing in 

the positive x-direction, the tentative internal energy of each cell is 

calculated using Equation (29). The new internal energy and the old 

estimate of cell pressure are used together with the equation of state 

to obtain the tentative density of the cell. Equation (25) is then used 

to calculate the tentative cell velocity. Equation (26) is used to cal­

culate the axial pressure drop from the center of the mass cell i ,j,k to 

the center of the mass cell i-1 ,j,k: Using the specified exit pressure 

19 



and the newly calculated 'cell axia 1 :pre·SS11!Jre 'Clro'ps, the ;a'bsol ute pres­

sures of all ·cells are reevaluated. The process fs repeated six times. 

Experience has shown that six iterations a·re more tha·n adequate for an 

accurate one-dimensional initialization. For one-dimensional problems, 

the initial conditions are exactly the steady state conditions, and a 

transient can be initiated from them. For two- and three-dimensional 

problems a run to steady state will still be required to properly ini­

tialize the crossflow velocities. However, the computer time required 

to run to steady state is greatly. reduced. 

20 



IV. FUEL ROD THERMAL TRANSPORT 

A fuel rod thermal transport model is included in the SCORE-EVET 

code. Under the assumption of constant thermal properties, the fuel roo 
model calculates fuel rod internal temperatures and surface heat flux by 

solving the one-dimension (radial) heat conduction equations. Both 

steady state and transient conduction models are included in the code. 

The transient solution model is addressed first. 

The one-dimensional transient heat conduction equation in cylin­

drical coordinates is: 

where 

aT _ k 1 
at- pCP r 

T = temperature 
r = radial distance 

I I I 

[
.L r~] ar ar 

I I I 

(30) 

q = volumetric heat generation (assumed independent of radius in 

the fuel and zero in the cladding) 
cp = specific heat (assumed independent of temperature) 

p = density (assumed independent of temperature) 

k = thermal conductivity (assumed independent of temperature). 

The solution of ~quation (30) is obtained by dividing the fuel and 
cladding into a finite number of nodes and writing Equation (30) in 
Crank-Nicolson implicit finite difference form[ 4J. In SCORE-EVET, 

only a fixed number and location of nodes are allowed. Currently, 

five nodes are allowed in the fuel (four interior to ~he fuel and one 

surface node), and two nodes in the cladding (interior and exterior 

surface nodes). Figure 4 shows the seven temperature node locations and 

the associated control volume boundaries used in SCORE-EVET to model the 

fuel and cladding. The nodes are numbered 1 to 7 starting at the center 

of the fuel rod. The Crank-Nicolson implicit finite difference forms of 

the conduction equations for the seven fuel rod nodes are: 
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R1 = R?.,/2 

R2 = Rs I 2 

R 3 = -yr-R-. ~.,...· -1 c':-:J-.. -2-R-=2-/. 3 
5 2 

R4 = -'lj 2R 2 I 3 + R 2 I 3 
5 2 

R5 = Fuel Pollet Radius 

R6 =,~Roc. 2 + R1c 2 

.r 2 

Fig. 4 SCORE-EVET f,uel rod noda.li.zation ·schem·e. 
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Node 1, fuel center: 

1 -rn+l 
Plpf 6t 

Tl) = 

where the subscript 

Node 2: 

Node 3: 

+ ( 2 R 3 

2k f 
R1 (R1 + R2) 

f refers to 

= 

~n+l + T _ Tn+l 
2 2 1 - TJ + 

fuel properties. 

n+l. 

I I I n+ l • 
+ q 

23 

I I In+ 1 
q ( 31 ) 

(32) 

(33) 



'Node 4: 

+ 

Node 5, fuel pellet surface 

pfCpf~ T~':t- \5 J = 

node: 

+ -1 _ Tn+ 1 
3 4 

I I In+ 1 
q 

h R ( + _Ra 5 Tn+l + T _ 
R2 R2 ·6 6 
I 5 - 4' 

- T ~J I I I n+l 
q + 

where hgap is the fuel cladding gap conductance~ 

Node 6, ·cladding ins1ae surface node: 

Rs h. a·. 
+ l_.r'5,q T . n+l .. ) 

~ +.5-T,6 -T6. 

(34) 

(35) 

{T6') 
fF2 ·2· 
\R·6 .. RI~. 

where RIC and Roc are the cli:rdd"iiry i·11side and outside i"a:ai-al d1mens1ons-, 

respectively, an~ the subscript c1 refers to cladding matefials. 
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Node 7, cladding outside surface nodes: 

PclcPcl (T~+l- T7l = kclR6 ~n+l + T6 - Tn+l T 7) t.t 
(Roc - Ric) (R6c - R~) 6 

7 -

(/0~ R2l qn+ 1 
+' q) ( 37) 

oc 6 

II 

where q is the fuel rod surface heat flux described as 

II ~7 T b) q = h (38) cool 

where hcool is the coefficient of heat transfer between the fuel rod 
surface and the coolant, and Tb is the bulk coolant temperature. The 

superscript n+l denotes an advanced-time quantity, whereas no super~ 

script denotes the previous time values of any quantity. Writing the 

riode equation in Crank-Nicolson imp)icit finite difference form has an 

advantage over other finite difference methods. The formulations above 
are implicit and are unconditionally stable. In addition,.by using the . 
old ~nd new time values to calculate heat flux, the time-truncation 

error is now of second order in contrast to the first order error of 
standard implicit and explicit methods. 

Equations (31) through (37) can be written in the following sim­

plified form by combining constant coefficients and known quantities 

such as old time temperature and volumetric heat generation. 

Nnrle 1, fuel center: 

Node 2: 

B Tn+l C Tn+l = 
1 1 + 1 2 Dl. 

A Tn+l + B Tn+l + C2 Tn+l = 
2 1 2 2 3 
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Node 3: 

A Tn+l + B Tn+l + C Tn+l = 03. 3 2 3 3 3 4 ( 41 ) 

Node 4: 

A Tn+l n+l + C Tn+l 04. +. 84 T 4 = 4 3 4 5 (42} 

Node 5, fuel pellet surface node: 

A Tr1+l + B T11+l + C Tn+l = Ds. 5 4 r:; r:; s n (43} 

Node 6. cladding inside surface node: 

A Tn+l 
11'1' l + C T"+l 06. + B6T6 = 

. 6 5 6 7 (44} 

Node 7, cladding outside surface. node: 

A Tn+l n+l ·"'n+l 
Dr + B7 T 7 + q "' 7 6 (45} 

The equations above represent a set of seven equations and seven 

unknowns. The solution to these equations is obtained by successive 
substitution of Equatiors (39) through (45) to obtain the following 

formulation for the cladding exterior surface temperature: 

ATn+ l + B = . qn+l ;, h (Tn+ l - Tb·) 
7 . cool 7 (46} 

where A and Bare constants composed of the coefficients and constants 

fn EquaUon~ (39) tlwuuyh (45). Equat·ion (46) ·is ?Olved lJy pa·sshrg the 

constants A and B to the heat transfer subroutine (HTCOEF). Subroutine 
HTCOEF determines the appropriate heat transfer coefficient based on the 

coolant condition, solves Equation (46} for T~+l ,·and returns the surface 
"n+ l temperature and heat flux q to the conduction subroutine (RODMOD). 

The remaining six fu~l temperatures are then calculated by six algebraic 
equations derived by the successive substitution of Equations (39) 

through (45). 
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The ste~dy state temperature equations are a subset of the transient 

Equations (31) through (37). The seven node equations are: 

Node 1, fuel center: 

(47) 

Node 2: 

(48) 

Node 3: 

(49) 

Node 4: 

(50) 

I I I ( 2 
+ q R -5 (51) 
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Node 6, cladding inside surface node: 

T =[ Rae- RIC . . ] IT R h T7 kclR6 ]·· 
6 [R5hgap ( Rae - RIC ) + R6kcl l 5 5 gap +foe -_Ric) . 

(52,) 

Node 7, cladding outside surface node: 

(53) 

The equations above represent a set of seven equations and seven 

unknowns. A solution technique identical to· that for the transient 

equations is used to solve the steady state equations. This is to 
successsively substitute Equations (47) through (53) to obtain the 

following cladding exterior .surface temperature equation: 

(54) 

where Bss is a constant composed of the coefficients and constants in 
Equations (47) to (53). The same procedure used to solve Equation (46) 
is used to solve Equation (~4}. lhe rema1n1ng tuel temperatures are 

calculated by six algebraic equations derived by the successive sub­
stitution of Equations (47) through (53). 
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V. CONSTITUTIVE RE~ATIONSHIPS AND EQUATION OF STATE 

In addition to the conservation equations, constitutive relation­

ships and equation-of-state relationships must be specified to close the 

set of equations to be solved .. Empirical and semiempirical correlations 

are used to define such phenomena as turbulent mixing, fluid solid 

interfacial momentum exchange, and fluid solid interfacial heat transfer. 
Details of the·constitutive relationships are given in Appendix C. 

In the SCORE-EVET code, fluid-solid interfacial momentum exchange 

is represented by friction factors and tw6-phase multipliers foi all 
three principal directions. Both' laminar and turbulent friction factors 

are used in all three principal direction~. The Qser can select one of 

five turbulent friction factors in the x-direction and one of three 

turbulent friction factors in the y- and z-directions. Two-phase fric-· 
tion multipliers are calculated by empirical and semiempirical rela­

tionships and the user can select one of the seven methods provided. 

If the fuel rod thermal model is used, the fluid-solid interfacial; 

heat transfer is calculated a slightly modified version of the heat 
transfer and critical heat flux (CHF) correlations developed for the 

RELAP4/MOD5 computer code[5J. Selection of the appropriate heat transfer 

correlation is based on several ·criteria. The first criterion is an 

evaluation of the physical state of the fluid to determine which regime 

of heat transfer is occurring (forced convection, film boiling, etc.). 
The second criterion is the evaluation of the CHF and the cladding 
temperature that would exist at this heat flux to determine whether the 

pre-CHF or post-CHF correlations are appropriate. The third criterion 

is the comparison of two or more calculated heat transfer coefficients 

to select the proper coefficients in regions where correlations overlap. 

All of. the correlations are one dimensionaJ, that is, the principal flow 

direction is assumed to be parallel to the fuel rod axis. No provision 

is currently made to calculate heat transfer based on fluid velocity 
components perpendicular to the fuel rod axis. 

29 



Momentum and energy exchange due to the fluctuating components of 

energy and velocity are described by turbulent viscosity and thermal 

diffusivity correlation. These viscosity and diffusivity correlations 

have been modeled such that the appropriate mixing effects in subchannel 

geometries are correctly accounted for. Momentum exchange is described 
by empirically calculating turbulent viscosity and using the viscous 

shear stress formula. Turbulent thermal diffusivity is calculated by 

using Reynold's analogy of mass and heat transfer to relate turbulent 

thermal diffus~vity to turbulent viscosity. The energy exchange due to 
the fluctuating component of velocity and-energy is then calculated by 

using the calculated thermal diffusivity and Fourier's law for thermal 

diffusion. Currently only one correlation is included in SCORE-EVET to 

model turbulent vicosity. 

Details of the constitutive relationships to model friction factors, 

two-phase multiplier, heat transfer, and turbulent viscosity are given 

in Appendix C. 

Steam and water properties are evaluated using the Idaho National 
Engineering Laboratory (iNEL) environmental subprogr~ms[ 5 J. Subcooled 

and saturated water and saturated and superheated steam properties are 

provided for the complete range of pressure and temperature expected 

during water reactor transients. Fluid properties are evaluated at the 
pressure and internal energy of each individual computational cell. 

Additional information on the steam and water properties evaluation is 

given in Appendix C, Section IV. 
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VI. PROGRAM DESCRIPTION 

The SCORE-EVET code is currently operational on the CDC-7600. 

Except for the steam table data, the present version of the code is 

contained entirely in small core memory. The organization of the code, 

array storage of variables, code redimensioning, and user convenient 

restart tape dump option are described in this section. 

1. CODE ORGANIZATION 

The general code organization is shown by the flow chart in Figure 5. 

VRM is the main subroutine. Prior to starting the transient solution, 
VRM calls the input subroutine VRINPO and the initialization subroutine 

VRS. The actual solution of the three-dimensional flow equations is 
Pi.,. 

performed in five steps by the following five subroutines: "(a) VRBD, 

which sets the boundary 1condit.ions; (b) VRI, which calculates ·the advanced 
time internal energies; (c) VRFRIC, which calculates the frictional 
pressure drop for all computational cells; (d) VREX, which calculates 

the tentative advanced time velocities; and (e) VRIT, which performs ~he 

iterative solution for advanced time density, velocity, and pressure .. 

The fuel rod thermal solution is performed (if use of the fuel rod mod,el 
is specified) explicitly by subroutine RODMOD, once the advanced time 

coolant conditions are obtained. Printout of results is performed by 

subroutine.VRIO. The results can be printed in two forms: (a1 three­
dimens1onal array output or (b) individual channel and fu~l rod output. 

Subroutine VRTAP is used to read and write to magnetic tape. The user 

output options are described in Appendix A. 

2. A_RRAY STORAGE OF VARIABLES 

The thermal-hydraulic and fuel rod variables are stored in two 

arrays,-the A(N) array and the array TROD(N), respectively .. Variables 
are stored in both arrays by t'he use of equivalence statements. 

In array A, 13 vat·iables are stored for each computation cell by 

the basic equivalence statement: 
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results 
(if restart dump 

is specified) 

End 

VRM 
(main program) 

VRINPO 
(reads input) 

DTIM 
(,~, .. 1_;,-;· .. ~ ~tr.j\) 

VRBD 
(s~ts boundary 

CUfH..Iitiom:.) 

VAl 
(explicit energy 

solutions) 

VRFRIC 
calculate frictional 

pressure drop) 

VHI:;JI. 
(tentative 
velocity 

l.t~h:.ulution.:.) 

VRIT 
(tterutlu11 
scheme) 

(dump data 
and arrays 

to tape) 

VRTAP 
(read 

restart 
tape) 

RODMOD 

rod temperature 
Constitutive Relationship 

and -surface Steam-Water Properties 

·~·~ 
AP-sllltS · 

Yes 

VRIO 
(prints results) 

Fig. 5 SCORE-EVET flow diagram. 
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Equivalence A(l) = U(l) 

A(2) 

A(3) 
A(4) 

A(5) 

A(6) 

A(7) 

A(8) 

A(9) 

A( 1 0) 

A ( 11) 

= v ( 1 ) 

= w ( 1 ) 

= p(l) 

= RHO(l) 
= SIE(l) 

= . TEM( 1 ) 

= RHON(l) 
= DUMY(l) 

= CAPP(l) 

= QFLUX(l) 

axial velocity 

y-component velocity 
z-component velocity 

pressure 

advanced time density 
internal energy 
temperature 

old time density 
dummy variable 

sound speed 

surface heat flux 
A(l2) = DIA(l) dummy variable 

A(l3) = DIAN(l) dummy variable. 

An additional seven variables are stored in the A array at various 
times in the code operation. These additional storages are accomplished 

by the following equivalences: 

Subroutine VRFRIC: 

Equivalence TEM ( 1 ) = FRICX(l) axial friction 
pressure drop 

DIA( l) FRICY(l) y:....direcUon frictional 
pressure drop 

DIAN(l) = FRICZ(l) z-direction frictional 
pressure drop 

DUMY(l) = TUBMIX(l) two-phase mixture 
viscosity 

Subroutine VRI: 

Equivalence RHO(l) = TUBTH~(l) turbulent thermal 
diffus i vity 
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Subroutine VREX: 

Equivalence TEM(l) = FRICX(l). 
= DELTAV(l) iteration factor T 

DIA(l) = FRICY(l) 
DIAN(.l) = FRICZ(l) 
DUMY ( 1 ) = TUBMIX(l) 
ourw ( 1 ) = TUBTHX(l) turbulent v·i·scos i ty 

Subroutine VRIT: 

Equivalence RHO ( 1 ) = TUBTHC(l) 
DUMY(l) TUBTHX (1). 

Eight variables are stored in the TROD array for each axial level 
of each fuel rod by the equivalence· statement: 

Equivalence TROD(l) = TCFURL(l) fuel centerline 
temperature 

TRU0(2') = TF'2(1) temperatu1·e of fuel 
Node 2 

TRUD(3) = TFJ ( l) temperatu1·e of fuel 
Nude 3 

TROD(4) = TF4(1) temperature of fuel 
Node 4 

TROD(5) = TFSURF(l) temperature of fuel 
surface 

TROD(6) = TClSUR(l) temperature of cladding 
inside surface 

TROD(?) = TCOSUR( l) temperature of cladding 
outside surface 

TROD( B) = THREG(l) heat transfer 
regime flag. 

Pf'esently the A c1rray is dimensioned to 1?,000 and the TROD array 
is dimensioned to 3,1 00. 
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3. CODE REDIMENSIONING 

Problem size in the SCORE-EVET code is limited in three basic ways: 

{a) the total number of flow channels and fuel rods; (b) the total 

number of cells in the x-, y-, and z-directions; and (c) the magnitude 

of the A and TROD arrays. Currently no more than 64 flow channels or 

fuel rods can be defined no matter how few the number of axial nodes. 

In addition, no more than ·40 cells (boundary plus real cells) can be 

specified in any one direction. The overall bound on problem size is 
determined by the dimension of the A and TROD arrays. The total number 

of computational cells is limited by the A array dimension in the fol­

lowing manner: 

(IBR + 2) * (JBR + 3) * (KBR + 2) * 13 < the A array dimension {55) 

where 

IBR = the number of real cells in the x-direction 
KBR = the number of real cells in the z-direction 
JBR = the number of rea 1 cells in the y-direction 
13 = the number of variables stored per cell. 

The addition of 2 to IBR and KBR accounts for two boundar.Y cells. ThP. 

ddd1t'ion of 3 to JBR accounts for two boundary cells and one additional 
storage plane, IBR by KBR, for array manipulation. 

The total number of fuel rods which can be used is limited in the 
following manner: 

IBR * (number of rods) * 8 < the TROD array dimension. {56) 

Equations (55) and (56) can be used to determine the problem size 

capability of the SCORE-EVET code by using the A and TROD array dimensions 

of 12,000 dnd 3,100, respectively. These equations also can be used to 
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determine the array dimensibns required to expand the capability of the 

present SCORE-EVET code. 

To aid the user in redimensioning the code, the arrays which require 
redimensioning, and the common block·s in which they are contained are 

identified. 

COMMON/BCFAF/ SIS(N), SIUP(N), SOS(N), SOUP(N) 

These arrays store Llle channel inlet and nutlet boundary condition 
~multiplication factors. N represents the number of flow channels. 

Currently N equals 64. 

COMMON/TIMOUT/ NCHAN(N) 

This array stores the channel numbers for which results are to be 
printed out. N represents the total number of channels plus 2~ 

Currently N equals 66. 

COMMON/VRIMD/ DX(Nl), DY(N2); DZ(N3), RDX(Nl), RDY(N2), RDZ(N3), 
X(Nl), Y(N2), Z(N3) 

These arrays store the computational cell dimensions, the inverse 
of these dimension~. and the location of the ~ositive face uf each 
computational cell. Nl, N2, and N3 represent the total number of 
real and boundary cells. Nl, N2, and N3 currently equal 40. 

COMMON/LOSSES/ XLOSS(N) 

Tl1is array store~ the axinl form loss cnpfficients. N represents 
the total number of possible loss coefficients which is currently 

limited to the total number of real cell interfaces in the x-direction. 
N is currently 5P.t to 40. 

COMMON/RODPR/ PCHN (Nl, N2), PFACR (N2), NRC (Nl, N2), PFACAl (N3). 
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PCHN stores the fraction of Rod N2's surface heat flux assigned to 

Channel Nl; NRC stores the channel number of the Nl channels con­

nected to Rod N2. PFACR stores the radial power factors. PFACAX 

stores the axial power factors. Currently Nl equals 4, N2 equals 

64, and N3 equals 40~ 

.COMMON/HYDRO/ AWFA(N), AWQA(N), DHEA(N), VOIDA(N), RODNUM(N) 

These arrays store, respectively, the following quantities for each 

flow channel: ~etted area per unit volume; heaied area per unit 

volume; equivalent hydraulic diameter; equivalent heated diameter; 

and total number of rods. N represents the number of flow channels 

and is currently set to 64. 

COMMON/VRDEP/ A (N) 

The A array stores the thermal hydraulic quantities for each compu­

tational cell. The A array current dimension is 12,000 and can be 

varied according to Equation (55). 

COMMON/TEDEP/ TROD(N) 

This array stores the fuel rod variables for each axial node. The 

TROD array current dimension is 3,100 and can be varied according 

to Equation (56). 

4. USER CONVENIENT RESTART TAPE DUMP OPTION 

By the use of user input Card 8 described in Appendix A, restart 

dumps to tape and restart from tape are possible. The user can specify 

the cycle interval at which dumps to tape will be taken. If the job 
ends normally (reaches the specified time limit), a dump will be taken 

after the last calculational cycle. The following quant1ties and 

arrays are dumped to.the restart tape with an unformatted write statement. 
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TIMET 

DT 

NCYC 

elapsed time in· seconds 

.time step used for the cycle dumped 
calculational cycle 

ITER number of iterations taken for the 
cycle dumped 

A (Nl) the ·array which stores the 
computational cell variables 

X (N2) the array which stores the problem 
dimensions in the x-direction 

Y (N3} the array which stores the problem 
d1mens1ons in the y-dlrection 

Z (N4) the array which: stores the J)roblem 
.c.Jilllellsluns 1n the z-d1rect1on 

TROD (N5) the array wh.ich stores the fuel 
rod variables. 

Sufficient data are present on the restart tape to allow the user to 

produce plots external to the SCORE-EVET code. 
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APPENDIX A 
JOB CONTROL AND INPUT DATA CARD DESCRIPTIONS 

The job control cards for compiling and executing the SCORE-EVET 
code are given in Section 1 of this appendix. The input data require­
ments are given in Section 2. 

1. CONTROL CARDS FOR THE CDC 7600 COMPUTER SYSTEM 

The SCORE-EVET source is usually stored on the first file, and the 
.object module is stored on the second file of a magnetic tape. In 
executing the program, it is faster to use the object module than to 
recompile the source program. 

1.1 Control Cards to Execute SCORE-EVET from the Object Module 

Job Card 
Account Card 
LABEL,TAPEl,R,L=LABEL. 

STAGE,TAPEl,VSN=Xl. 
COPYP,TAPEl,TAPE4. 
COPY,TAPEl,OLDOBJ. 
RETURN,TAPEl,TAPE4. 
REWIND,OLDOBJ. 
ATTACH,ENVRL,ID=RJW. 
ATTACH,TAPE15,ST20T,ID=RJW,MR=l. 
LDSET,LIB=ENVRL/FORTRAN. 
OLDOBJ,PL=XXXX. 
7/8/9 in column one 

Where the control card variables are: 
Xl = the number of the SCORE-EVET tape. 

XXXX = the number of printed lines that you exp~ct. 

1.2 Control Cards to Update the Source (using UPD) and Execute SCORE-EVET 

Job Card 
Account Card 
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LABEL,TAPEl,R,L=LABEL • 

. STAGE,TAPEl ,VSN=Xl. 

COPYP,TAPEl,TAPE4. 

COPY,TAPEl,OLDOBJ. 

UNLOAO,TAPEl. 

REWINO,TAPE4,0LDOB"J. 

ATTACH., ENVRL. 

LIBRARY,. ENVRL. 

UPD. 

RETURN, TAPE4, TAPE8·. 

RJWINil,TAI-'F7. 

RFL,l60000. 

FTN,I=TAPE7 ,OP.T=2 ,_R=J,A-. 

REDUCE. 

RETURN, TAPET. 

COPYL,OLDOBJrLGIT,NEWOBJ. 

RETURN , OL DOBJ~,LGO. 

ATTACH, TAPE15,STH20T ,JO=RJW.,.MR=T.. 

NEWOBJ:, PL=XXXX'. 

7/8/9 in column one 

. ·' 

l. 3 Control Cards for SCOI{E-EVET to· Create a· Restart Tape . . 

Th.i s card wi·l.l be usedf when the input vari ab.l es· NJAP = :..1· and: 

NEWTAP = 0. The control cards will be the same as in 1...1 (execute)· or 

1.2 (update and execute) with the additfon of the following, card_: after 

the STAGE card. 

STAGE, TAPE2 ,N', POST. 
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1.4 Control Cards for SCORE-EVET to Restart and Continue Taking 

Restart Dumps 

The cards will be used when the input variables NTAP = +l and 

NEWTAP = l. The control cards will be the same as in l.l (execute) or, 

1.2 (update and execute) with the addition of the following two cards 

after the STAGE card. 

STAGE,TAPE2,VSN=X2. 

This control card reads the restart tape with number X2. 

STAGE,TAPE3,N,POST. 

This control card writes the restart dumps on a scratch tape. 

2. DETAILED INPUT DATA CARD DESCRIPTION 

The input instructions given below are ordered as the input is 

encountered by the code in Subroutine VRIN. The format for all card 

input, unless qtherwise noted, is either integer 1615 or real 6Gl2.5. 
The I format denotes that integer numbers are to be input. The integer 

.must be right justified. The G format indicates floating-point numbers 

are to be read in. Under the G forma~, exponentials must be right 
adjusted. For the convenience of the user, a large part of the input 

data has been grouped on cards containing all integers or all real 

~umbers. 

For clarity, a few brief comments are required concerning the code 
. . 

input. Either all SI (System Internationals) or all English units are 
required on input and output. The SI and English units required are 

givP.n on the r.ard description. 

When the restart option is used, the entire data deck must be 

submitted. Input quantities which do not refer to the problem geometry 

can be changed when restarting. When setting up problems, Figures A l 

through A-3 should be referred to for geometric, channel, and fuel rod 
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numbering descriptions. The following is a detailed description of the 
·input data cards. 

/ 

()'' 
12 9. . 

0" 0' () 0 
' 

5 6 

0" 0' 0' 0' 
2 Channel 
-~~umber 

' 

1 5 2. Rod 
Number 

0) ---,.....-- z 013 00 0 
4 

0' • 

0 t:.z .. //' 

v 
~ 

I~ 3y 
1--

/ y -

INfL -A ·272 

Fig. A-1 Prescribed channel numbering and typical rod numbering sequence 
for SCORE-EVET. 
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BC 

DZ(3) e 

DZ(2) 

k' 1 
BC 

DZ(1) e 

DX(1) 

3.2 
BC 

• 

3.1 
BC 

• 

.D. (3) 

X 

3.2 
BC 

DX(2) 

3.3 
BC 

DX(3) 

3.4 
.BC 

DX(4) 

(a) x-z Plane 

2.3 
BC 

• 

2.2 
RC 

• 
P.SIE,RHO 

2.1 
BC 

• 

DY(2) 

j 

1.3 
BC 

• 

1,2 
BC 

• 

I K 
llt: 

• 

DY(1) 

3.5 
BC 

DX(S) 

OZ(3) 

n7(?l 

DZ(1) 

(b) y-z Plane 
~----------------~ y 

z 

3,6 
BC 

DX(6) 

INEL-A-2338 

INEL-A-2339 

Fig. A-L One-dimensional example of boundary and computat1onal cell 
arrangement, and cell dimension specifi_cation in the x-z plane and the 

.y-z plane. 
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(9) (6) (3) 

Rod 9 

Rod 8 

(8) 

Rod 7 

(7) 

Channel Numi)P.r 

'! 

(a) Partial fuel·rods occupying a single flow channel. 

nn nn ·o·o 
~ ~ .._, -.~ ............. "-~ 

(9) · (G) - (3) 

oo oo·o·o 
00 00 

(8) (5) 

00.00 

Channel Number 

Rod 2 

Rod 1 

z 

(b) Multiple fuel rods occupying a single flow channel. 
INH-A-271 

Fig. A-3 Typi ca·l rod numbering sequence fo~ SCORE-EVET when Piirti al 

.and :multiple fuel rods oc-cupy a single flow channel. 
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Columns 

l-80 

6-10 

11-15 

·card 1 Title 

Format Name 'D'escr·,tpti on 

A TITLE One card TITLE ·of .probiem. 

Card 2 Input and Output Units and Printed Output Form Flag~ 

i IUF 

I IOUTF 

I NAOC' 

49 

IUF is the input units flag. If 

IUF > 0, the input is in English 

units. If IUF .:_ 0, the input 
is in SI units. 

IOUTF is the outp~t units flag. 

Same as above. 

NAOC indicates the form of the 
output. If. NAOC < 0, ohly t~e 

3-D array info~m~t~ori is 
output. If NAOC = 0, the 3-D:·' 

array and thannel inform~tion 
. . . ... 

are output. If NAOC > 0, only 

cha~nel information is output. 
·For NAOC ~ 0,· the channels-·:. 

for whtch fnformatfon is to be 

output. are Elescri bed on' the next 
card. If NAOC > 0, the j~ff 

array will be printed· once at 

the begfnning of each new problem. 



Columns Format Name 

16-20 I NOCH 

Description 

NOCH describes the number of 

channels for which channel 

information is to be output. If 

NAOC < 0, NOCH is not used. 

For values of NAOC ~·o, NOCH = 0 

indicates that information for 

all channels is to be output. 
If NOCH > 0, NOCH is the total 
number of channels for which 

information is to be output. 
For NOCH ~ 0, optional cards 2a 

are read ~n. 

Card 2a These cards are to be read only when NOCH in the 
preceding card is > 0. Cards 2a will be read with format l6I5 until 

NOCH channel numbers have been read and stored in the array NCHAN (N). 

The typical channel numbering sequence is prescribed in Fi~ure A-1. 

Note that the channels are numbered from the origin out the z-axis and 
then stepped out along the ~-axis. 

Columns 

l-5 

II 

Columns 

l-5 

Format 

I 

II 

Name Description 

NCHAN(l) Channel number of first channel 

for which .information is to be 
output. 

II 

Card .3 Number of Computational Cells, Rod Model, 
Power/Time, and Time Step/Time Data 

Format Name 

I IBR 
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Description 

Number of real fluid cells·in 

the axial or x-direction. IBR 

must be > and < 38. 



Columns Format Name D'escri pti on 

6-10 I JBR Number of real fluid cells in 

the y-direction. JBR must be 

> 1 and < 38. 

11-15 I KBR Number o.f real fluid cells in 

the z-direction. KBR must be 

> 1 and < 38. 

The total numb~r of computational fluid cells fs limited. in two 

ways. First, (JBR)(KBR) ~ 64, that is, the maximum number of cells in 

the y-z plane is limited to 64. Second~ the limit on total number of 

cells is (JBR + 3)(KBR + 2)(IBR + 2) ~ 923. For example, if the 
user desires to model a 6 by 6 array of subchannels, he will be limited 

to a maximum of 12 fluid cells in the axial directi-on (IBR = 10), plus 

two boundary cells. 

Columns Format Name 

16-20 ·I IROD 
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Description 

Flag which describes how the fuel 
rod surface heat flux will be 
specified. If IROD = 0, the 
user specifies the heat flux. 
If !ROD = 1, a ste.ady state fuel 

rod.conductfon model is used to 

·.calculate the surface heat 
flux. If lROD = 2, a transient 

rod conduction model is used to 
calculate the surface heat flux_ 

!ROD = 1, ~' or 5 are radiation 
heat transfer options and are 

currently not available. 



Columns 

21-25 

26-30 

31-35 

36-40 

1-12 

13-24 

Format Name 

I NDIAG 

I NROD 

I NZPTD 

I NZTDT 

Description 

Diagonal symmetry flag. If 

NDIAG = 0, the problem does not 

have diagonal symmetry in the y­
z plane. If NDIAG = 1, diagonal 

symmetry exists in the y-z 
plane. rmiAG = 1, should 
be used only when JBR = KBR. 

Number of rods to be mode.l ed by 

fuel rod conduction model, not 
to exceed 64. NROD is set equal 
to zero if IROD = 0. 

Number of rod power (or 

surface heat flux factors)/ 
time data pairs to be read in. 

NZPTD < 20. The data pairs are 
input on Card 20. 

Number of time step/time data 

1-h.l i r·:; tu be r·eud in NZTDT .-: 20. 

1he data pairs are input on 
Card 21. 

Card 4 Donor Cell Weighting Factor 

G ALX 

G ALY 
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ALX, ALY, and ALZ are coeffi­

cients which specify the method 

of space differencing of flux 

terms in the y- and z-directions 
fur the energy, momentum and 13-

continuity of mass equations. 

Ali = 1 gives a full ·donor cell 

differencing. 0 <Ali < 1. 



Columns 

25-36 

1-12 

13-24 
25-36 

37-48 

49-60 

Format Name Descri_ption 

G ALZ 

Card 5 Gravitational Force Components, Convergence 

Criterion and Iteration Weighting Factor 

G 

G 

G 

G 

G 

GX 

GY 

GZ 

CEP 

WGHTP 

x, y, and z components of 

gravitational force per mass. 
For normal reactor conditions, 

2 . 
GX = -32.2 ft/sec or -9.81 
m;s2, and GY = GZ = 0. 

Convergence criterion for the 

continuity equation. 

Clp ClpV. - ___ 1 

at ay. 
1 

< CEP MIN r~ - t l:IX 

The values of CEP generally used 
are 10- 2 

> CEP > 10-3. 

Weight factor for iteration 

scheme. WGHTP may be varied 

( 0 < WGHTP < 2) to "flf:'Prl 11p 

convergence. ~enerally, WGHTP = 

1.5isused. 

Card 6 Automatic Time Step Control .and Problem 
Time Limit 

This card group provides time step control if time step/time data 

pairs are not used (Card group 3). The quantities read in are: DT, the 

initial time.step; BO, the factor by which the time step may be increased 

every time step if the aut_omatic time step control is used; and SACRIT, 

the factor by which the time step must stay below the Courant time step 

limitation. If. the flag IDTFLG in Card group 7 is zero, the time step 
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is held constant at the initial value read from this card. If IDTFLG is 
greijter than zero, the time step is increased by multiplying the current 

time step value by BO. In this manner, the time step is allowed to 
increase until its value is less than or equal to the Courant limitation 

multiplied by SACRIT. 

Columns 

1-12 

13-24 

25-JG 

37-48 

1-5 

Format · Name 

G. DT 

G BO 

SACRll 

G TFIN 

Description 

Time step (in seconds) to be 

used if time step/time ~ata 

pairs are not to be read in, 

NZTDT = 0 on Card 3. 

M~ximum factor by which the time 

step is allowed to increase when 

the automatic time step control 

is in effect (IDTFLG t 0 on 
Card 7). 

New DT = old DT * BO. 

Stability safety facto_r for 

automatic time step control.· 

~or implicit calculations, 
tJ.y. 

MAXDT .:_ SACRIT (MAX vi 1 
) . 

(0 < SACRIT < 1.) 

Problem completion time in 
secu·nds. 

C:nrrl 7 Time Step Control Selr.ction, rrintout 

Interval, and Stea~ Table Flags 

I IDTFLG 
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Time step selection flag. If 

1DTFLG = 0, DT is held constant 

at the input value or at the 
.value specified by the time 

step/time data pairs. If IDTFLG 



Columns Format Name 

6-10 I LPR 

11-15 I NPRT 

16-20 I NWPC 

21-25 I NWPP 

26-30 I IESLFG 
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1 0, automatic time step control 

is used. 

Description 

Print control. If LPR = l, the 

output is in both paper and 

microfilm form. If LPR = 2, 

output to microfilm only. If 

LPR = 3, output to paper only. 

Currently only option 3 is 

available. 

NPRT is the cycle interval at 
which printing occurs. If NPRT 

= 1,· print each time cycle. If 
NPRT = 2, print every second 
cycle. If NPRT = N, print every 
Nthcycle. 

Number of variables stored per 

computational cell. Currently 

NWPC = 13. 

NWPP is the flag which indicates 

whether the momentum and continuity 

equations are to be solved 
explicitly or implicitly. 

Currently only the implicit 

option is available (NWPP = 0). 

Steam table control during the 
pressure iteration. If IESLFG = 

l, the full steam tables are 

used, If IESLFG = 2; a linearized 
~team table is used. IESLFG = 2 

is adequate for most.problems. 



Columns Format 

Card 8 Restart Flags 

1-5 I 

6-10 I 

11-15 

J6-20 I 

Name 

'I; 

NTAP 

NWTD 

NEWTAP 

NRST 

5.6 

De_sc:ription 

Restart flag. If NTAP = 0, the 

program starts at time = 0 and 

does not make restart dumps to 
tape. If NTAP = -1, the program 

starts at time = 0 and makes 
re~La rl. clumps t.n t.il re eveY'y NWTO 
cyc·le. If NTAP = 1, the program 

r.estarts from t(lpe at cycle NRST 
and rna kes res til rt dumps to a ne·w 
tape every NWTD cytle. 

Cycle interval between restart 
dumps. NWTD can .be different 
from NPRT on Card 7. NWTD is 
left bla.nk H NTAP -· 0. 

NEWTAP is used when NTAP = +1~. 

If NTAP ·- "'1 ; s:et NEWTAP = '0", 

If NTAP = l, set NEWTAP = l ·so 

that restart dumps are ta~e~ on 

~ ,new tape, unit 3". (See Sec­
t ion 1 for the -required job 
control ca.rds.) NE-~JTAF> is 1 eft 

blank if NTAP = 0. 

Cycle number from which restart · 
is to begin.

1

NRST is l~ft blank 
if NTAP = 0. . 



Columns Format Name 

Card 9 3-D Array Output Control 

1-5 .I IBRST 

6-10 I I BRED 

11-15 I IBRIN 

16-20 I JBRST 

21-25 I JBRED 

26-30 I JBRIN 

31-35 I KBRST 

36-40 I KBRED 

41-45 I KBRIN 

Description 

IBRST, IBRED, and IBRIN are 

flags to control the limits of 

the 3-D array output-in the i­
or x-direction. Array printout 

will start with i level IBRST 
going to 1 evel I BRED, with 

information being printed out 
at each IBRINth interval. 

Array output limits for the j­

or y-direction. 

Array output limits for the k- or 

z-direction. 

Card 10 Computational Cell Dimensions in the x-Direction 
IBR + 2 numbers are to be read on this card. 

1-12 G 

13-24 G 

ox ( 1 ) 

DX(2) 
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The array DX(I) stores the 

computational cell dimensions in 

the i- or x-direction. The user 

must supply the dimensions for 

both real and boundary cells 
(IBR + 2 cell dimensions) 

starting with the boundary cell 

at the inlet i = 1, proceeding 



Columns F.ormat ·Name Description 

to the outlet at I = IBR + 2, as 

shown in Figure A-2. Six cell 

dimensions will be read from 

each card until IBR + 2 dimen­

sions have been read. [DX(I) is 
'in inches or meters.] 

Cgrd 11 Computational Cell Dimensions in the y-DirectiQn 

JBR + 2 numbers are to be read on this card. 

1-12 G 

13:24 G 
.. •, 

DY ( 1 ) 

DY. ( 2) 

The array DY(J) stores the 
computational cell dimensions in 

the j- or y-direction. The 

description is the same gS 

Card 10. 

Card 12 Computational Cell Oii'nen~ions in U1e z-Oii'ecLi"on 

. KBR + 2. n~mbers ar~ to be· read on thi~tard. 

1-12 

13-24 

G DZ(l) 

.G DZ(2) 

Jhe array DZ(K) store~ the 
computational cell dimensions in 

the k- or z-dire~tion. The 

QQscription is t~Q same as 
Card I u .. 

Card 13 Axial Form Loss Coefficients· 

IBR + 1 pressure drop loss factors, XLOSS(I), for the axial or x-direction 

will be read in. These loss factors are to be used to gccount for 
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pressure drops across inlet and outlet orifices· and fuel rod spacer 

grids. For the pressure drop desired, the user should calculate the 

loss factor by: 

XLOSS(I) 2t~P 
= -2 

pU 

The I ~ndex indicates that the loss factor is to represent a 

pressure drop at the interface of the I and (I+ 1) cells, across the 

entire y-z plane. For instance, XLOSS(l) and XLOSS(IBR + 1) represent 
inlet and outlet loss factors. If no other losses are expected than 

those of the bare rods, the loss coefficients-should be read in as zero. 

Columns Format Name Description 

1-12 G XLOSS(l) Axial loss factor between 

I levels 1 and 2-. 

13-24 G XLOSS(2) Axial loss factor between 

I levels 2 and 3. 

Additional cards are read until IBR + loss factors have been read. 

Card 14 Boundary Quantities for Flow Field ·In1t1al1zat1on 

This card is used to read in the boundary quantities required to initialize 

the flow field. This card must be read in even when the restart option 

is used. 

Co 1 ur1111S Fur111a t 

1-12 G 

Na111e 

p 
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Description 

~ore exit pressure (lbm/in. 2 or 

N/m2) used in the 1-D flow field 

initialization. 



Columns 

13-24 

25-36 

37-48 

1-12 

13-24 

25-36 

Format Name 

G SIE 

G QUAL 

G u 

Descrtption 

Cofe inlet internal energy 
(Btu/lbm or J/kg) used in the 

1-D flow field initialization. 

Core inlet quality. 

Core inlet velocity (ft/sec 

or m/s) used in the 1-D 
flow field initialization. 

Card ~5 Fuel Rod Diameter, Spacing, and Power Specifications 

G DIAMRD 

G SPROD 

G PAV~ 

Fuel rod cladding outer diameter 
(in. or m). 

Spacing between fuel rod centers 

(in. or m). 

If IROD = 0 on Card 3~ PAVE is 

the average surface heat flux 
fr•u111 fuel r•utl~ ur• u tiler• ~ur•f ...tee~ 

in the problem being described 
( 2 2) Btu/hr-ft or J/s·m . . If 
IROD > 0 on Card 3, PAVE is the 

averag~ fuel rod linear pqwer 
(kW/ft or J./s·m):·. 

Card 16 Specification qf Coolant Channel Hydra.u1ic PCirame.ters 

One card will be read for each cha~nel until a total (JBR)(KBR) CARDS 

are read. The cards must be in seq.~.,~ence from Channel 1 to Channel (JBR)(KBR). 
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Columns Format 

l-12 G. 

13-24 G 

25-36 G 

37-48 G 

Name Description 

DHYA(N) Equivalent hydraulic diameter 

of Channel N. DHYA = 4 Af/Pw 
(in. or m). If the channel 
is devoid of solid material 

set ,DHYA(N) = 0. (Af is the 
channel flow area; Pw is the 
wetted perimeter.) 

'· 

DHEA(N) Equivalent heated diameter of 

Channel N DHEA = 4Af/Ph (in. 
or m). If the channel is with­
out heated surfaces, set DHEA = 0. 

(Ph is the heated perimeter.) 

VOIDA(N) Porosity of Channel N. VOIDA(N) 

= Vf/V. A porosity of zero indi­
cates that there is no fluid in 
the channel. (Vf is the fluid 
volume and V is the total cell 

volume.) 

RODNUM(N) Number of rods represented by 
the wetted and heated perimeters. 

As shown in Figure A-3 (a and b), 

a channel volume may contain from 
1/4 rod to several rods. 

Two additional channel quantities are calculated and stored for 

Channel N: AWF(N) and AWQ(N). AWF is the wetted surface area per total 
cell volume [AWF(N) = 4 VOIDA(N)/DHYA(N)]. AWQ is the heated surface 

area per total cell volume, [AWQ(N) = 4 VOIDA(N)/DHEA(N)]. If DHYA(N) 

or DHEA(N) is.zero, AWF(N) and AWQ(N) are set to zero. 
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Columns rormat Name Descri-pti'on 

Card 17a Fuel Rod Conductance Fuel and Cladding Thermal 

Conductivity, and Volumetric Specific Heat Specifications 

This card is not included if IROD = 0 on Card 3. 

1-12 

13-24 

25-36 

37-48 

49-(iO 

61-72·, 

G DIAFD 

G GAPT 

G GAPH 

G FUELK 

G CLADK 

G RHOCPF 

Diameter of the fuel pellet (in. 
or m). 

lhickn~ss ot the gap b~tween th~ 
fuel pellet and the inside 

cladding surface (in. or m). 

Gap conductance (Btu/hr-ft2-°F 
. 2 ) or J/s ·m ··K • 

Fuel thermal conductivity (Btu/hr­
ft-0F or J/s·m·K). 

ClAdding thermal conductivity 

(Btu/hr-ft-°F or J/~·m·K) . 

. Volumetric specific heat of the 
~ . ::! "3 
fuel (Btu/ft -°F or J/m ·. K). 

Card 17b Fuel Rod Gap Conductance, Fuel and Claddihg Ther~~l 
Conductivity, and Volumetric Specific Heat Specificatfon·s 

This card is not included if !ROD = 0 on Card 3. 

1-12 G RHOCPC 
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Volu·metric spc"cific heat of the 

cladding (Btu/ft3-°F or J/m3.K). 



Card 17c Fuel Rod-to-Coolant Channel Connection Data 

These cards describe fuel rod-to-coolant channel connections and are not 

included if IROD = 0 on Card 3. If !ROD > 0, there should be NROD cards 

in this group, with rod numbers from 1 to NROD. Sequencing of the cards 

according to rod number is not necessary. At the present time, only one 

coolant channel can be associated with each rod, that is, with each fuel 

rod conduction solution. Each fuel rod defined can represent part of a 
rod, a single rod, or multiple rods in a single channel. The power 

factors defined in Card 18 represent the average power of the rod or 
rods in the channel. The heat flux from a single rod conduction solution 

is multiplied by AWQ to get the proper total energy to the coolant 

channel (AWQ is not an input quantity, but is calculated based on input). 

It is not necessary that a fuel rod be associated with every coolant 

channel. For geometries in which there is diagonal symmetry in the y-z 
plane and the diagonal symmetry flag NDIAG is set equal to 1, computational 

time can be saved by defining rods only for those channels on and above 

the diagonal plane. No coolant subchannel can have an identification 
number greater than (JBR*KBR). 

Co 1 umns · Format Name 

1-5 I NURO 

6-10 I NRC(l ,NURO) 

Card 18 Radial Power Factors 

Description 

Rod number. 

Number of the channel connected 
to rod number NURO. 

Radial power factors PFACR(N) will be read in, in sequence from 1 to N. 

If IROD = 0, the radial power factors represent the channel-to-channel 
heat flux variation. N for this case is (JBR*KBR). The radial power 

factors for this case must be normalized fractions of the average heat 

flux, PAVE, input on Card 15. If IROD > 0, the radial power factors 

represent the rod-to-rod linear power variation. N for this case is 
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NROD. The radial power factors must .be ·normalized "fractions of the 

average line.ar rod power, PAVE, input on Card 15. 

Columns 

l-12 

Format 

G 

;,.·. 

Name Description 

PFACR(l) Radial heat flux factor for 

Channel 1 if IROD = 0, or the 

radial power factor for rod 

number 1 if IROD > 0. 

Card 19 Axial Power Factors 

Axial power-factors PFACAX(I) will be read in, in sequence from l to 

IBR. Only one set of axial power factors. is allowed. If IROD = 0, the 

specified heat flux, PFACAX(I) represents the axial variation of surface 

heat flux. If IROD > 0, rod conduction model, PFACAX(I) represents the 
axial variation of·rod linear power. For both cases the following must 

be tr'ue. 

Columns 

l-12 

IBR /IBR L PFACAX(I )DX(I) L DX(I) = 1•. 

T=l J=l 

Format Name 

G PFACAX(l) 

Description 

Axial heat flux Dr power factor 

for the first axial l~Vel of 

real cells, 

Card 20 Power FdcLur/Time DaLa Pair·s 

NZPTD power factor/time data pairs will be read. If NZPTD on Card 3 is 

zero, these cards are not included. For a given problem time~ a facior 

by which PAVE is to be· multiplied will be linearly interpolated from 
these data· pairs. The user should choose the data pairs· su.E:h that ·' 

significant perturbations are represented .. The pairs must be input in 
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.. 

order of increasing time, and the times selected must contain the time 

for which a solution is desired. A maximum of 20 pairs is allowed. 

Columns 

1-12 

13-24 

49-60 

61-72 

Format 

G 

G 

G 

G 

Name Description 

PTDAT(l) First power factor (dimension-

1 ess). 

PTDAT(2) Time for the power factor above 

(sec). 

PTDAT(5) Third power factor. 

PTDAT(6) Time for the third power factor; 

Card 21 Time Step/Time Data Pairs 

NZTDT time ·step/time data pairs will be read. If NZTDT on Card 3 is 

zero, these cards are not included. The pairs must be input in order of 

increasing time, and the times selected must contain the time for which 

a solution is desired. A maximum of 20 pairs is allowed. The magnitude 

of the time steps should be selected such that: (a) pertinent phenomena 

such as spikes in boundary conditions, rod power, or heat flux are 
represented; (b) the stability limit for the time step is not exceeded 

(maximum time step, DT =Max. tJ.x. (v.); and (c) the solution converges 
1 1 

within a reasonable number of iterations (generally ~ 100 iterations). 

Requirements (a) and (b) are straightforward. However, requirement 
(c) calls for experience in running the code. To aid the user, the 

input data required to run a number of different cases have been included 

in Appendix E. 
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Columns 

l-12 

13-24 

?r;-36 

37-48 

Format Name 

G DTE ( l ) 

G TIM( l) 

[lTE(?) 

G TIM(2) 

Description 

First time step. 

Time to which time step DTE(l) 

is to be used. Time step DTE(I) 

is used if problem time is less 

than its associated TIM(!). 

Seconrl time step.. 

Time to which time step DTE(2) 

is to be used. 

Card 22 Inlet Boundary Specification Flags 

This card contains the data to load the inlet boundary flag array, 

IBCFAC(l ,N). The flags describe how the seven boundary quantities 

axial (x) velocity component u, transverse (y) velocity cqmpqnent v, 

transverse (z) velocity component w, pressure P, internal energy SIE, 

density of the coolant RHO, and temperature of the coolant TEMP --

will be handled. Eight possible flags (integers 1 through 8) can be 

used to describe how the .seven quantities above will be specified. The 

possible options ~nd combination. of options are described in Appendix B. 

Columns Format Name Description 

1-5 I Nll The boundary flag for the u 

cumpunerlt uf velocity. Nll is 

stored in the array location 

IBCFAC(l,l). 

6-10 I Nl2 The boundary flag for the v 

component of velocity. Nl2 is 

stored in array location 

IBCFAC( l ,2). 
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Co 1 umns 

11-15 

16-20 

21-25 

26-30 

31-35 

Format Name 

I Nl3 

I 'Nl4 

I Nl5 

I Nl6 

Nl7 

Description 

The boundary flag for the w 

component of velocity. Nl3 is 

stored in array location 

IBCFAC(l ,3). 

The boundary flag for pressure, 

P. Nl4 is stored in the array 

location IBCFAC(l ,4). 

The boundary flag for internal 
energy, SIE. Nl5 is stored in 

the array location IBCFAC(l ,5). 

The boundary flag for density, 

RHO. Nl6 is stored in array 
location IBCFAC(l ,6). 

The boundary flag for temperature, 

TEMP. Nl7 is stored in array 

location IBCFAC(l ,6). 

Card 23 Inlet Boundary Initia~ Conditions 

The initial values for the seven inlet boundary quantities are read in 

on this card. These initial values are loaded· into the array, FBCFAC(l,N). 

Columns Format 

1-10 G 

Name 

Cll 
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Description 

Initial value for axial velocity 

u (ft/sec or rn/s). Cll is not 

defined by the user if Nll equals 
1 , 6, or 7. 



Columns 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

Format 

G 

G 

G 

G. 

G 

G 

Name. 

Cl2 

Cl3 

Cl4 

Cl5 

Cl6 

Cl7 

Descr·i pti.on 

Initial value for transverse 

velocity v {ft/sec or m/s}. 

Cl2 is defined by the user 

if Nl2 equals 2. 

Initial value for transverse 

velocity w (ft/sec or m/s). 

Cl3 is defined by the user if 

N13 equals 2. 

I·nitial value for pressure P 

(lbm/in. 2 or N/m2 ). Cl4 is 

not defined by the user equals 

l' n' nr 7. 

Initial value for internal 

energy SIE .. (Btu/lbm or J/kg). 
Cl5 is not defined by the user 

if Nl5 P.quals 1, fi, nr 7. 

Initial value of dens.ity RHO 

(lbm/ft 3 or kg/m3). Cl6 is 

def1ned by the user if Nl6 
equals 2. 

Initial value of temperature 

TEMP (°F or K). Cl7 is 
defined by the user if Nl7 equals 2. 

Card 24 Ini~t Boundary Axial Velocity or Pressure Spatial 

Distribution 

This optional card iriput, is read only if Nll or Nl4 equals 4 or 5. 
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The multiplying factors, SIUP(JBR*KBR) that vary the pressure or 

axial vel~city at the inlet are read in. One factor is read in for each 
flow channel. The fa~tors must be in order of increasing channel number. 

The values of SIUP are multiplied times the initial value of pressure (P) 

or·axial velocity (u), Cll or Cl4, on Card 23, respectively, depending 

on which property is specified at the inlet boundary. 

Columns 

1-12 

13-24. 

Format 

G 

G 

Name 

S IUP ( 1) 

. SIUP(2) 

Description 

Pressure or axial velocity 
spatial multiplying factor for 

Channel 1 . 

Pressure or axial velocity 

spatial multiplying factor for 

Channel 2. 

Card 25 Inlet Boundary Internal Energy Spatial Distribution 

This optional card 1s read only if Nl5 equals 4 or 5. The multiplying 
factors SIS(JBR*KBR) that vary the internal energy at ~he inlet, 

are read in. One factor is read for each subchannel. The factors must 

be in order of increasing channel number. The values of SIS are multiplied 
times the initial values of internal energy (Cl5 on Card 23). 

Columns Format Name Description 

1-12 G SIS(l) Internal energy spatial multi-
plying factor for Channel l. 

13-24 G SIS(2) Internal energy spatial multi-

plying factor for Channel 2. 
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Card 26 Inlet Boundary Axial Velocity or Pressure/Time 

Data Pairs 

This optional card input is read only if Nll or Nl4 equals 3 or 5 on 

Card 22. This card group is used to load NFTPUI pairs of multiplying 

factors and time into the array, TIUP(NN). These factors are used to 

vary the inlet pressure or axial velocity as a function of time. For a 

given time, a multiplication factor is interpolated from the data pairs. 

This factor is then multiplied times the fnitial ·value of pressure or 

-axial velocity to provide a time varying boundary condition. The nuinber 
of multiplying factor/time da-ta pairs (NFTPUI) is read first and then 
the data pairs are read. 

Columns Format 

1-5 I 

13-24 G 

25-36 G 

37-48 G 

49-60 G 

61-7'2 G 

Name 

NFTPUI 

Description 

Number of multiplying factors/ 

time data pairs, not to exce.ed 

20. 

TIUP(l) First multiplying factor. 

TIUP(2) First time. 

TIUP(3) Second multiplying factor: 

TIUP(4) Second time. 

TIUP(5) Third multiplying factor. 

If NFTPUI is greater than or equal to 3, the factor/time data pairs 

are continued on additional cards with a 6Gl2.5 format. 
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Card 27 Inlet Boundary Internal Energy/Time Data Pairs 

This optional card input is read only if Nl5 equals 3 or 5. This card 

is used to load NFTPSI pairs of multiplying factors and time into the 
array TIS(NN). The factors are used to vary the inlet internal energy 

as a function of time. For a given time, a multiplication factor is 

interpolated from the data pairs. The factor is then multiplied times 
the. initial value of inlet internal energy. The number of multiplying 

factor/time data pairs (NFTPSI) is read first and then the data pairs 
are read. 

Columns Format Name 

l-5 I NFTPSI 

13-24 G TIS(l) 

25-36 G TIS(2) 

37-48 G TIS(3)" 

49-60 G TIS(4) 

61-72 . G TIS(5) 

Description 

Number of multiplying factors/ 

time data pairs, not to exceed 
20. 

First multiplying factor. 

First time. 

$econd multiplying factor. 

Second time. 

Third multiplying factor. 

If NFTPSI is greater than or equal to 3, the multiplying factor/time 
data pairs arc continued on additional cards with~ 6Gl2.5 format. 

Cards 28, 29, 30, 31, 32, and 33 define the exit boundary condi­

tions and are identical in nature to Cards 22, 23, 24, 25, 26, and 27. 

The user can specify the type of exit boundary conditions, the initial 

magnitude of the boundary quantities, and how the boundary quantities 

will vary with channel number and time. 
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This card contains the data to load the exit boundary flag array, 

IBCFAC(2,N). 

Columns Format 

l-5 I 

6-10 I 

ll-15 I 

16-20 I 

21-25 I 

26-30 I 

31-35 I 

Name 

N2l 

N22 

N23 

N24 

N25 

N26 

N27 

Description 

The boundary flag for the u 

component of-exit velocity. N2l 
is stored in the boundary flag 
array location IBCFAC(2,l). 

The boundary flag for the v 

component of exit velocity. N22 

is sto~ed in the array location 
IBCFAC(2,2). 

The boundary flag for the w 
component of exit velocity. N23 

is stored in the array location· 
I BC FAC ( 2, 3) .· 

The boundary flag for exit 

pressure, P. N24 is stored in 
the array location LBCFAC{Z,4). 

The boundary flag for ex it 

internal energy, S1E. N25 is 

stored in the array l6cation 

IBCFAC(2,5). 

The boundary flag for exit 

density~ RHO. N26 is stored in 
the array locat1on IBCFAC(2,6). 

The boundaty flag for ex~t 

temperature, TEMP. N27 is stored 

in the array location IBCFAC(2~7). 



Card 29 Outlet Boundary Initial Conditions 

The initial values for the seven exit boundary quantities are read in on 

this card. These initial values are loaded into the array locations 
FBCFAC(2,N). 

Columns Format Name 

1-l 0 G C2l 

ll-20 G C22 

21-30 G C23 

31-40 G C24 

41-50 G C25 

51-60 G C26 
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Description 

Initial value for exit axial 

velocity u (ft/sec or m/s). 

C2l is not defined by the user 
if N22 equals l, 6, or 7. 

Initial value for transverse 

velocity v (ft/sec or m/s). 

C22 is defined by the user if 
N22_equals 2. 

Initial value for transverse 

v~locity w (ft/sec or m/s). 
C23 is defined by the user if ·N23 
equals 2. 

Initial value for pressure, P 
(lbm/in. 2 or N/m2). C24 is 

not defined by the user if N24 
equals l, 6, or 7. 

Initial value for internal 

energy, SIE (Btu/lbm or J/kg). 

C25 is not defined by the user 
if N25 equals l, 6, or 7. 

Initial v·alue of density, RHO 
3 3 ( l bm/ft or kg/m ) . C26 is 

defined· by the user if N26 equals 2. 



Columns Format Na'me Descriptions 

61-70 G C27 Initial value of tempera·ture' 
TEMP (°F or K). C27 is defined 

by the user if N27 equals 2. 

Card 30 Outlet Boundar~ Axial Velocit~ or Pressure S~atial 

Distribution 

This optional card input is read only if N21 or N24 equals 4 or 5. The 

multiplying factors SOUP(JBR*KBR) that vary the pressure or axial 

velocity at the exit, are read in. One factor is read in for each flow 
channel. The factors must be iri order of increasing channel numbe~. 

Columns 

1-12 

13-24 

Format 

G 

G 

Name Descri~tion 

SOUP(l) Pressare or axial velocity 
spatial multiplying factor for 

Channel l. 

SOUP(2) Pressure of axial velocity 

spatial multiplying factor for 
Channel 2. 

Card 31 Outlet Boundary Initial Energy S~atial Distribution 

This optional card input is read only if N25 equals 4 or 5. The multiplying 
factors.SOS(jBR*KBR) that vary the internal .energy at the exit, are 

read in. One factor is read in for each flow channel. The factors must 
be tn order of incr~asing channel number. 

Columns Format 

1-12 G 

13-24 G 

NamP. 

sos ( i ) 

SOS(2) 

74 

Internal energy spatial multi­

plying factor for Channel l .· 

Internal energy spatial multi­

plying factor for Channel 2. 



Card 32 Outlet Boundary Axial Velocity or Pressure/Time 

Data Pairs 

This optional card input, is read only if N21 or N24 equals 3 or 5. 

This card group is .used to load NFTPUO pairs of multiplying factors and 

time into the array, TOUP(NN). The factors are used to vary the exit 

pressure or axial velocity as a function of time. 

Columns Format 

1-5 I 

13-24 G 

25-36 G 

37-48 G 

49-60 G 

61-72 G 

Name 

NFTPUO 

Description 

Number of multiplying factor/ 
time data pairs, not to exceed 

20. 

TOUP(l) First multiplying factor. 

TOUP(2) First time. 

TOUP(3) Second multiplying factor. 

TOUP(4) Second time. 

TOUP(5) Third multiplying factor. 

If-NFTPUO is greater t~an or equal to 3, the factor/time data pairs 

are continued on additional cards with a 6Gl2.5 format. 

Card 33 Outlet Boundary Internal Energy/Time Data Pairs 

This optional card input is read only if N25 equals 3 or 5. This card 

group is used to load NFTPSO pairs of multiplying factors and time into 

the array, TOS(NN). The factors are used to vary the exit internal 
energy as a function of time. 

Columns Format 

1-5 I 

Name 

NFTPSO 

75 

Description 

Number of multiplying factors/ 

time data pairs, not to exceed 
20. 



Columns Fo,tmat Name oe·scription 

13-24 G TOS ( 1 ) First multiplying factor. 

25-36 G TOS ( 2) First time. 

37-48 G TOS(3) Second multiplying factor. 

49-60 G TOS(4) Second time. 

61-72 G TOS(5). Third multiplying factor. 

If NFTPSO is greater than or equal to 3, the multiplying factor/time 

data pairs are continued on additional cards with a 6Gl2.5 format. 

Cards 34 through 51 are used to define the friction factors, twu-

phase friction multiplier, reference viscosity, and heat transfer and 

CHF correlations to be used by the code. The various model options and 

correlations are described in detail in Appendix C. A summary of the 

model options and the correlations is given in Tables A-I and A-II, 

respectively. 

Card 34 Correlation Model Options 

With this card the user selects one of the 14 model options given in 
Table A-I. Model options 0 a~d select a homogeneous fluid model with 

preselected laminar and turbulent friction factors. The user need only 

specify the heat transfer options on Card 51. Model options 2 and 3 are 
identical to Models 0 and 1 respectively, except that the ·user can 

specify the friction factor-form. Models 4 and ~allow the user to 
specify a void fraction correlation by which two-phase friction multi-. 
pliers are to be calculated. Models 6 and 7 are identical to Models 
4 and 5, respectively, except that the user is allowed to specify the .. 

friction factor relationships. Models 8 through 12 use preselected 

consistent sets of ~oid fraction, slip, and two~phase friction multipliers. 

Moder 13 allows the us.er to specify all correlations needed to calculate 

friction factors, two-phase multipliers, and heat transfer. The user is 

cautioned that only Models 0 and 1 have been thoroughly checked out. 
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TABLE A-1 

O~TIONS DESCRIBING CONSTITUTIVE RELATIONSHIPS FOR FLUID-SOLID INTERFACIAL HEAT AND MOMENTUM EXCHANGE 

Heat Trans fer, Model 0 tion 
Frictic•n 

Factor, and 
Two-Phase 
Multiplier 8 9 10 11 12 13 

Name 0 2 3 4 6 7 (ARMAND) (M-N-L)[a] (Beattie) (Baroczl) (Chisholm) (User S~ec) 

Correlation 0 tion 

JRECWS 0 0 0 0 0 0 0 0 0 0 0 0 0 User Spec 
!REX 4 3 4 3 5 6 5 6 User Spec 
!REV 4 3 4 3 5 6 5 6 User Spec 
IREZ 4 3 4 3 5 6 5 6 User Spec 
IFXLAM 1 User Spec 
JFYLAM User Spec User Spec User Spec User Spec User Spe<; 
IFZLAM User Spec User Spec User Spec User Spec 1 1 1 User Spec 

-....! IFXTUB 3 3 User Spec User Spe•: 3 3 User Spec User Spec 3 3 3 3 ·3 . User Spec 
-...J IFYTUB 3 3 User Spec User Spe·: 3 3 User Spec User Spec 3 3 3 3 3 User Spec 

IFZTUB 3. 3 Us~r Spec User Spe·: 3 3 User ·Spec User Spec 3 3 3 3 3 User Spec 
IFL TEM 0 0 0 0 0 0 0 0 0 0 0 0 0 User Spec 
IALFA User Spec User Spec User Spec User Spec 4 7 10 User Spec User Spec 
JTPRHO 1 1 1 2 2 2 2 1 1 2 User Spec 
ITPMLX 5 5 5 5 5 5 5 5 2 3 4 2 User Spec 
JTPMLY 5 5 5 5 5 5 5 5 2 3 4 2 User Spec 
JTPMLZ 5 5 5 5 5 5 5 5 2 3 4 2 User Spec 
JTPMD 5 5 5 5 5 5 5 5 2 3 4 2 User Spec 
JTPMH 5 5 5 5 5 5 5 5 2 3 4 2 User Spec 
ITPME 5 5 5 5 5 5 5 5 2 3 4 2 User Spec 
JCHF User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec 
IHTDBF User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec 
JFILMH User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec User Spec 

[a] Martinelli-Nelson-Lockhart. 

...! ... 



Flag 

ITP~10D 

IALFA 

T,ll.BLE A- I I 

FRICTION ~ACTOR, TWO-PHASE MLLTIPLIER, AND HEAT TRANSFER CORRELATIONS AND OPTIONS 

Option Description 

0-13 Descr·bed in Table A-I (0 is the default value). 

(Default 

Value) 

Homogeneous void f1·action (slip ratio, Ks = l.O): 

a = __ x..::e_P_-,£~-­

XeP£ +(l-xe)i59 

2 S'1J,P ratio, Ks' is calculated as a polynomial functio'l c·f quality. Ks = ASLP(l) 

+ ASLF'(2)xe + ASLP(3)xe2 + ASLP(4)x~ 3 . The void fraction is calculated-as 

XeP Q, . . 
a = _ . + (- _ . ) where the number of coefficients NASLP to be used and 

P ~ Ks . Xe P £ -p gKs .. 

coefficients ASLP are input by the use-r. 

3 Void fraction is calc~l:lted :1s a polynomial function of quality. a= AALF(l) 

.+ AALF(2)xe + AALF(3)xe2 + A.t\LF(4)xe3. The slip ratio is calculated 

Ks = XeP£- axeP£ 

.ai5
9 

- xeai5
9 

4 Void fraction and slip '!'atio are calcu)ated with the Armand correlation.[A-l]_ 
. . 

the 

5 Void fraction and slip ratio are calculated with the Martinelli-Nelson-Lockhart 
· [A-2] 

correlation . 



Flag 

IALFA 

(continued) 

IRECWS 

TABLE A-II (continued) 

Option Description 

6. Void fraction and slip ratio are calculated with the Madsen correlation[A- 3]. 

7 Void fraction and slip ratio are calculated with the 

Void fraction and slip ratio are calculated with the 

[A-4] Smith correlation . 

[A-2] Thorn correlation . 

9 Void fraction and slip ratio are calculated with the Zivi correlation[A-SJ. 

d . 1 1 d . h 1 · [A-2] 10 Void fraction an slip rat1o areca cu ate w1t the Baroczy corre at1on . 

11 Void fractior and slip ratio are calculated with the Bankoff correlation[A- 6]. 

12 Void fractior and slip ratio are calculated with the Turner-Wallis·cor.relation[A-:.2] .. 

13 Void fractior and slip ratio are calculated with the Von Glahn-Polcyn correla-

t
. [A-7] 10n . 

14 Void fractior and slip ratio are calculated.with the Bankoff-Jones correla­
tion[A-B,A-9=. 

0 The component direction velocities u, v, w are used to calculate the x,y,z Reynolds 
(Defeult numbers, respectively. 

Value) 

1 J 2 2 2 The resultant velocity = u +v +w 

numbers, respectively. 
is used to calculate the x,y,z Reynolds 



00 
0 

Flag 

IREX, IREY, 

and IREZ 

IFXU\M 

IFYLAM and. 

IFZLA.M 

Option 

2 

(Default 

Value) 

3 

4 

5 

6 

(Default 

Value) 

TAB~E A-:r (continued) 

Description 

Reynolds number is calculated using the liquid viscosity. 

1 x hx 
Reynolds number is calculated using the mixture viscosity defined by - = ~ + __ e 

0 Og Ot ~ 

Reynolds number is calculated using the mixture viscosity defined by 0 = XeOg 
+ (1-xE:)pt. 

l a 1-a Reyno l.ds number is calculated using the mixture viscosity defined by-=-+-
o o9 ot · 

Heynold~ number is calculated using the mixtur_e viscosity defined by 0 = 

+ (1-a:)ot. 

a'J. g 

Reynold$ number is cal·:u·lated ·using the vapor viscosity. 

x-direoction laminar f:--ic~ion factor fXL.l = 64/Re :~.nd fxL 2, = 0. 

y,z.,..direction laminar fr·iction factors, fYLl and fZLl, using the Bergelin 
(Defaul~ corre1ation[A-lOJ. 

''Value) 

2 y,z.:.di·rection laminarfriction factor fyu = 64/Re, fZLl = 64/Re, and fyl 2 = fZL
2 

= 0.0. 



Flag 

IFXTUB 

00 _, 

•' 

Option 

TABLE A-II (continued) 

Description 

x-direction transition- turbulent (T-T) friction factor: fXTl = ClTFX(Re)FREXPX 

fXT 2 = C2TFX 
where ClTFX, FREXPX, and C2TFX are input by the user. A temperature correction can 

be applied to fXT 2 IFLTEM = 2. 

2 x-direction T-T friction factor: fXTl = 2Log(Ohy/2ROUGH) + 1.74 

where ROUGH is input by the user fxT 2 = 0. 

3 x-direction T-T friction factor: 1 2Log (Re jf XTl) -0. 8. = 
(Default ~ 
Value) 

4 x-direction T-T friction factor: 1 = 1.74-2Log (2~0UGH + 18.7 ) 

fu hy Rev;;; 

fXT2 = 0. 

5 . x-direction T-T friction factor using ·the Lombardi-Pedrocchi correlation[A-ll] for 

fXTl. 

Note: This correlation includes the two-phase friction factor. 



CX> 
N 

Flag 

IFYTUB and 

IFZTUB 

Option 

2 

3 

(Default 
Value) 

TABLE A-II (continued) 

y,z-direction T~T friction factors: 

fYTl = ClTFY(Re)FR~XPY 

fYT 2 = C2TFY 

fZll = ClTFZ(Re)FR~XJZ 

fZT 2 = C2TFZ 

Description 

where, ClTFY, FREXP"{, C2TFY :ind ClTFZ, FREXPZ, C2TFZ are input by the user. A 
temperature corre~tion'c~n je applied to fy12 and fZT 2 if IFLTE~ =.2. 

y; z-<i recti on T ~T friction factors: f YTl = f ZTl = 2Lo:; ( ~:P) . + l. 74 

y,z-cirection T-T friction factors: 

fYT2 = fZT2 = O. 

__ 1-; 1. 74-2~og ~sp ~ 18.7 ) 
Jfm \L r Re JfYr1 

= 1·.74-2(Log ~5rP + 18 · 7· ) l 

)fzn· \ Relfm_ 

fYT2 = fZT2 = J. 



(X) 
w 

Flag 

IFLTEM 

ITPRHO 

ITPMLX, 
ITPML Y, 
ITPMLZ, 
ITPMTX, 
ITPMTY, and 
ITPMTZ 

TABLE A-II (continued} 

Option Description 

0,1 No temperature correction is applied to the friction factor. 
(Default 
Value) 

2 For the friction factors given by IFXTUB, IFYTUB, and IFZTUB = 1 above, a wall tem-
perature correction of friction factor is applied as f( )T2 = C2TF [1.0 x,y,z , x,y,z 
-O.OOl(T - Tb)] where T =wall temperature 

\'J w 

Tb = bulk coolant temperature. 

Homogeneous two-phase mixture density: 
p Q, pg 

p = -----"'-'----

XePQ, + (1-xe)~g 

In the present version of SCORE-EVET, only the homogeneous form of mixture density is 
used. 

1 Two-phase friction multip.lier calculated with the Armand correlation[_A-l]_ 

2 

3 

4 

Two-phase friction multiplier calculated with 

t" [A-12] 1on . 
Two-phase friction multiplier calculated with 

Two-phase friction multiplier calculated· with 

the M.a rti ne 11 i -Ne 1 son-Lockhart correla-

the Beattie correlation[A-l 3J. 

the Baroczy correlation[A-l 4J. 



Flag 

ITPMLX, 

ITPMLy, 

ITPMLZ:,. 

ITPMTX, 

ITPMTY, and 

ITPMTZ 

(continued) 

ITPML Y, 

ITPMLZ, 

ITPMTY, and 

IPTMTZ 

TABLE A-II (continued) 

Option Description 

5 Mixtur=' densi·ty and fr"ction factor are used to calculate the two-phase frictional 

(Default pressure drop. 

Value) 

6 

7 

(a)" H:>mogeneous flov.•: IALF/i = 1; IREX, IREY, or IREZ. = (2 or 3); IFXTUB = 1 through 

4; IFYTUB or IFZTUB = 1 through 3; and ITPRHO = 1. 

(b) Njnhomogeneous f1ow: IALFA = 2 through 14; IREX, IREY, or IREZ = (4 or 5); 

IFXTUB~ 1 through 4;· IFYTUB or IFZTUB = 1 through 3; and ITPRHO = 2. 

Constant two-phase friction nultiplier input by the user as ATPMLX, ATPMLY, ATPMLZ,. 

ATPMTX~ ATPMTY, and/or ATPMTZ, respectively. 

Transverse bJo-phase 7-:--iction multiplier calculated with the Grant-Murray correla­

Uon[A-T5J. The-two-phas~ friction multiplier is: 

2 (j} ~) p ~ ' [ 400] } <Pil:o = 1 + -:::-"'-· -::- · :<p. + 0.15 JX;- x for laminar flow, and 
l1 Q, p 

9 
·! _ e e 

1>~0 · ·~ 1 + (~) -b'
1 

:; { :<e + 0.15 [ Jx.' ·_. x'e 4001} for turbu1 ent flow, where 

bTl = FREXPY for IFVTUB = l . 

bTl = fREXPZ for IFZTU_B = ·1-. 



OJ 
U'1 

Flag 

ITPMLY, 
ITPMLZ, 
ITPMTY, and 

ITPMTZ 
(continued) 

IFILMH 

TABLE A-II .(continued) 

Option Description 

7 The following friction factor option should be used with this two-phase friction 
(con- multiplier: 
tinued) IREY, IREZ = 1 

1 

2 

3 

(Default 
Val:Je) 

4 

IFYLAM, IFZLrlM = 1 or 2 
IFYTUB, IFZTUB = 1. 

Transition and film boiling correlation options are: 
The transition or film· boiling heat flux is the most conservative of the _heat fluxes 
calculated by the: McDonough, Milich, and King[A-l 6] correlati-on (.ModeA); 
Groeneveld[A-l 7] 5.9 correlation (Mode 5); or the Dougall and Rohsenow[A-l 8] correla­
tion (Mode 9). 

The transition or film boiling heat flux is the most conservative of the·heat fluxes 
calculated bi ~he: McDonough, Milich, and King[A-l 6] correlation (Mo.de 4); 
Groeneveld[A-l 7] 5.9 correlation (Mode .5); or the Dougall and Rohsenow[A-l 8] correla­
tion (Mode 9). 

The transition or film boiling heat flux is the most conservative of the heat fluxes 
calculated by the: McDonough, Milich, and King[A-l 6] correlation, or the Dougall 
and Rohsenow~A-l8] correlation (Mode 9). 

The transition or film boiling heat flux is calculated by the Condie-Bengsten 
correlation, and the heat transfer mode is set equal to 5. 



Flag 

JCHF 

TABLE A-II (continued) 

Option Description 

Critical heat flux co~relation nag. Each option provide~ the calculation of CHF by 

the fu 11 ow.i.ng: 

0 lAterpol ates B&W2[.1\-l 91, Barnett[A,...20], and modified Barnett[A-21 ] based on ·pressure. 

(Default :. 

Value)· 

1 

2 

3 

4 

5 

6,7,8 

9 

10 

The W3 CHF correlation[A- 22 ] including. the cold wall correction factor. 

·The B&W2[A-lg] CHF correlation (Note: Does not include a significant cold wall 

effect.") 

The B:1bcock & Wilcox B2[A- 2-3] CHF correlation for high flew regime axial mass fluxes 

of G ~·;.ox 106 lb., .. •:Note:. In[ludes a cold wc.ll effect.) 
h·f-:='t<.. 

The Babcock & Wilcox B2M[A-2J] CHF correlation for middle .flow regime. (~ote: 
I 

Includes a ·cold wa·l e~fect.) 

The B3bcock & Wilcox B6C[A- 2J] CHF correlation for high flow regime. (Note: Includes 

a. col1 wall effect.)-

· [A-20] Barnett · · CHF cm·relation with rods. represented c:s an equivalent annulu~. 

Mac beth[ A- 24] bundle average CHF correlation at 1000 psia. 

[A-2·.] 
M'odifi.ed Barnett · CHF correlati-on with rods represented as an equivalent annulus,. 



Flag . 

JCHF (con­

inued) 

IHTDBG 

TABLE A-II (continued) 

Option Description 

ll Bowring[A-2S] round tube CHF correlation. 
12 GE[A- 26] CHr correlation. 

0 No printout occurs for debugging purposes. 

(Default 
Value) 

T The values of variables for the heat transfer calculations are printed for debugging 
purposes. 



Columns 

1-5 

·Format Name 

I ITPMOD 

De~criptiqn 

Model optio~s 0 through 13 as 

described in Table A-I. 

Card 35 Laminar and Turbulent Friction Factors 

This optional card input is used only if ITPMOD equals 2~ 3, 6, or 7. 
This card is used to define the form of the laminar and turbulent friction 
factors in the three component directions, IFVLAM, IFZLAM, l~XTUB, 

IFVTUB, and HZTUB (see Table A-II fur· pussil:Jle option5). IFXLAM is 

automatically specified as 1. 

Columns 

1-5 

6-10 

11-15 

16~20 

?1-25 

Format Name Descr·iption 

I IFYLAM y-direction friction factor 
flqg. (Default value: IFY~AM 

I IFZLAM z-direction friction factor 
flag. (Defqult value: IFZLAM = 

I IFXTUB x-di rect.i on turbulent friction 
f(lct.nr fl i'lfl. (Oefau.lt value; 

IFXTUB = 3.) 

I I FYTUI3 y-direction turb~lent friction 
. factor flag. (Default value:. 

lFYTUB = 3.) 

I IFZTUB z-direction turbulent frictign 
factor flag. (Defa~l L Vah.~t~: 

IFZTUB = 3.) 

Card 36 Laminar and Turbulent Friction Factor Formulation 

and Reference Ve 1 oc ity and V1-.?~g_s_i.ty Form for OefinHton ·of 
Reynolds Number 

= 1.) 

1.) 

This optional card input is used only if ITPMOD equals 13. See Table A-II 
for options which can be specified. IFXLAM is automatically speeified 
as 1. 
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Columns Format 

1-5 I 

6-10 I 

11-15 I 

16-20 I 

21-25 I 

26-30 I 

31-35 1 

36-40 I 

41-50 I 

51-55 I 

Name 

IRECWS 

IREX 

IREY 

IREZ 

IFYLAM 

IFZLAM 

IFXTUB 

IFYTUB 

IFZTUB 

IFLTEM 

89 

Description· 

Velocity flag for Reynolds 
number. (Default va 1 ue: 
IRECWS=O.) 

Viscosity flag for Reynolds 
number in the x-direction. 
(Default value: IREX = 2.) 

Viscosity flag for Reynolds 
number in they-direction. 
(Default value: IREY = 2.) 

Viscosity flag for Reynolds 
number in the z-direction. 
(Default value: IREZ = 2.) 

y-direction laminar friction 
factor flags. (Default value: 
I FYLAM = 1;) 

z-direction laminar friction 
factor flags. (Default value: 
IFZLAM = 1.) 

x-direction turbulent friction 
factor flags. (Default value: 
IFXTUB = 3.) 

y-direction turbulent friction 
factor f_l ags. ( Defau 1 t va 1 ue; 
IFYTUO = 3.) 

z-direction turbulent friction 
factor flags. (Default value: 
IFZTUB = 3.) 

Friction factor wall temperature 
con·ect ion flag. 



Card 37 Surface Roughness for Friction Factor Correlations 

This optional card is used only if IfXTUB equals 2 or 4 on Card 35 or 36. 

Columns 

1-12 

Format 

. G 

.. Name 

ROUGH 

Description 

Surface roughness (in. or m). 
(Default value: ROUGH = 0.0008 m, 

commercia 11 y. smooth.) 

Card 38 Correlation.Constants for Friction Factor in the 

·x-Direction 

This optional card is used only if IFXTUB equals 1 on Card 35 or 36. 
Three constants ·are read in which define the friction factor in the 

x-direct"ion as a function of Reynolds numb·er. 

Columns 

1-12 

13-24' 

25-36 . 

Format Name 

. G fREXPX 

G ClTFX 

G C2TFX 

Description 

Ex!JOIIE!II L for· Reyno 1 ds numbe•' in· 
the x-direction .. (Default value: 

FREXPX - -0.25 . .) 

Coefficient for Reyno 1 ds numt>·er 

iri the x-direction. (Default value: 

ClTFX = 0.3164.) 

tonstant. (rl'efa'ult v-alue: 
C2.fFX = a·. )· 

Card 39 Cor~el~tion Constants for Ffiction Factor in th~ 

y-Direction 

This optional card is used only if IFYTUB equals on Card 35 or 36. 

This card is used to define the fri~tion fattbr in the y-direction as a 
function-;of Reynolds number. 

go: 



Columns 

1-12 

13-24 

25-36 

Format Name 

G FREXPY 

G ClTFY 

G C2TFY 

Description 

Exponent for Reynolds number in 

they-direction. (Default 

value: FREXPY = -0.25) 

Coefficient for Reynolds number 

in the y-direction. (Default 
value: ClTFY = 0.3164.) 

Constant. (Default value: 
C2TFY = 0.) 

Card 40 Correlation Constants for Friction Factor in the 

z-Direction 

. This optional card is used only if IFZTUB equals 1 on Card 35 or 36. 
This card is used to define the friction factor in the z-direction as a 
function of Reynolds number. 

Columns 

1-12 

13-24 

25-36 

Format Name 

G FREXPZ 

G ClTFZ 

G C2TFZ 

Description 

Exponent for Reynolds number 

in the z-direction. (Default 

va 1 ue: FREXPZ = -0. 25) 

Coefficient for Reynolds number. 

in the z-direction. (Default 
value: ClTFZ = 0.3164.) 

Constant. (Default value: 

C2TFZ = 0.) 

Card 41 Void Fraction Correlation 

This optional card is used only if ITPMOD on Card 34 equals 4,·5, 6, 7, 
or 12. See Table A-II for possible options. 
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1-5 

Forma:t-

I 

Rame 

IALPA 

DescrtpfiQn' 

Void fraction· correlation flag. 

(Default value: IALFA = 1.) 

Card 42 Void Fraction and Two-Phase Friction Multiplier 

This optional card is used only i~ ITPMOD on Card 34 equals 13. See 

Table A-II for options which can be specified. 

Columns Format· Name Description 

1-5 I IALFA Void fraction correlation flag. 

(Default value: I AI. FA = 1.) 

6-10 I ITPRHO Specification of the form of the 
mixture density. Currently 

only the homogeneous option, 

ITPRHO = 1 ,. is available. 

(Default value: ITPRHO = 1.) 

11-15 I ITPMLX' x-direction lami"nar two-phase 
fricLiur1 111111 t1 pl1 Pr tLla·. (Default 
value: ITPMLX =5.) 

16-20 
.. 

I ITP.ML Y y-direction laminar two-phase· 
rr· i (:; c i'O'rl IIIUH i,p'f1'er fi'·a·g .. ( Dedaul t 
value: ITPMLY = 5.) 

21-25 I ITP'MLZ z-direttion 1 amina··r two-~hase· ·-

friction mu hip Her flaq'. (.Default 
varue: ITPMLZ = 5.) 

26-30 I ITPMTX x-direction turb-ulent two-phase 
friction· multiplier flag. (Default 
value: ITPMTX = 5. ) 

' 



Columns 

31-35 

36-40 

Format 

I 

I 

Name Description 

ITPMTY . y-direction turbulent two-phase 

friction multiplier flag. (Default 
value: ITPMTY = 5.·) 

ITPMTZ z-direction turbulent two-phase. 
friction multiplier flag. (Default 
value: ITPMTZ = 5.) 

Card 43 Polynominal Form of the Void Fraction 

This optional card is used only if IALFA on Card 4i or 42 equals 3. 
This card is used to read in polynomial coefficients to describe the 
void fraction (a) as a polynomial function of equilibrium q~ality (xe); 

a= AALF(l)xe + AALF(2)xe + AALF(3)x~ + AALF(4)x~. 

Columns 

1-5 

13-24 

25-36 

37-48 

49-60 

Format 

I 

G 

G 

G 

G 

Name Description 

NAALF Number of polynomial coefficients 

AALF(NAALF). (NAALF ~ 3). 

AALF(l) First polynomial coefficient. 

AALF(2) Second polynomial coefficient. 

AALF(3) Third polynomial coefficient. 

AALF(4) Fourth polynominal coefficient. 

Card 44 Polynomial rorm of the Slip Ratio 

This optional card is used only if IALFA on Cards 41 or 42 equals 2. 

This card is used to read in the polynomial coefficient to describe t~e 

slip ratio (K ) as a polynomial function of equilibrium quality (x ); 
K = ASLP(l)! ASLP(2)x + ASLP(3)x2 + ASLP(4)x3 • e s e e e 
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Columns 

1-5 

13-24 

25-36 

37-48 

49-60 

Format Name 

I NASLP 

G ASLP(l) 

G ASLP(2), 

G- ASLP(3) 

G ASLP(4) 

Description 

Number of polynomial coefficients 

ASLP ( NASLP). ( NASLP 2 4). 

First polynomial coefficient. 

.. 
Second polynomial coefficient. 

Third polynominal coefficient. 

Fourth polynominal coefficient. 

Card 45 Constant Laminar Two-Phase Friction Multiplier 

in the x-Directi~n 

This optional card is used only if ITPMLX on Card: 42 is equal to 6. 

Columns 

1-12 

Format 

G ATPMLX 

Description 

~onstant laminar two-phase 

friction multiplier for x-
j

. ' . .J. 2 
l 1 i'CL: L 1011; q> 

0 
• 

.... o 

Card 46 Constant Laminar Two-Phase Friction Multiplier 
in the y-birection · 

This. optional card is used. only if ITPMt:Y on Card 42 is e<qtJa:l to· 6. 

Columns Format Name 

1-12 G ATPMLY 

94 

Description 

-. 

Constant l~minar two-phase 

friction mult1plier:for y-direction, 
2 

~ ,Q,Q •·• 



Card 47 Constant Laminar Two-Phase Multiplier in the z-Direction 

This optional card is used only if ITPMLZ on Card 42 is equal to 6. 

Columns 

l-12. 

Format Name 

G ATPMLZ 

Description 

Constant laminar two-phase 

friction multiplier for the z­

direction, ~io· 

Card 48 Constant Turbul~nt Two-Phase Multiplier in the 

x-Direction 

This optional card is used only if ITPMTX on Card 42 is equal to 6. 

Columns 

l-12 

Format Name 

G ATPMTX 

Description 

Constant turbulent two-phase 
friction multiplier for ~hex­

direction, ~io . 

Card 49 Constant Turbulent Two-Phase Multiplier in the 
y-Direction 

This optional card is used only if ITPMTY on Card 42 is equal to 6. 

Columns Format 

l-12 G 

Name 

ATPMTY 

95 

Description 

Constant turbulent two-phase 

friction multiplier for they­

direction, ~~0 . 



Car950 Constant Turbulent Two-Phase Multiplier in the 

~-Direction 

This optional card is used only if TTPMTZ on Card 42 is e~ual to 6. 

Columns Format Name Description 

1-12 G ATPMTZ Constant turbulent two-phase 

friction multiplier for the z-

direction, ~~0 . 

Card 51 CHF and Film Boiling Heat Transfer Models 

This card must be read in for all model options .. The_ CHF correlations 
flag, heat transfer debug printout flag, and the film boiling heat 
transfer coefficient flags are read in on this card. If a bl~nk card is 

used, the default options JCHF = 0, IHTDBG = 0~ and IFILMH = 2 will be 

set .. 

Columns Format 

I 

6-10 I 

11-15 I. 

Name 

.JCHF 

IHTDBG 

IFILMH 

96 

Description 

CHr correlation fl.:ag. (Default 
value-: JCHF = 0.) 

Heat tr:-an.sfer debug. printout 

flag.. ('Default value:. fHTDBG = 0.) 

Transition and film boiling hea·t 

transfer coefri c.i ent flil:g·. 
(Default value: IFILMK = 3 .. }: 
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APPENDIX B 

BOUNDARY CONDITION SPECIFICATIONS 

. As described in Section Ill, the SCORE-EVET code solves the 3-D 

transient volume-averaged equations in Cartesian coordinates. The 
solution of the 3-D transient equations requires initial and boundary 

conditions. Calculation of the initial conditions was described .in 

Section III-2. This appendix describes the boundary conditions required 

in SCORE-EVET and the manner in which they are specified. 

When setting up a problem, the user defines a rectangular computa­

tional region by specifying the number of computational cells and their 
dimensions in the x-, y-, and z-directions. In addition, the computational 

region is surrounded on all six of its sides by boundary cells which are 

also dimensioned by the user. Figure B-1 (a and b) shows the arrange-

. ment of computational (referred to as real cells = RC) and boundary 

cells (BC) for a 1-D proble~. A~ shown, the thermodynamic quantities 

are cell centered and the velocities are face centered. Boundary con­

ditions for a problem are: (a) thermodynamic quantities of pressure, 

internal energy, density, and temperature {P, SIE, RHO, and TEMP) for 

the boundary cells; (b) velocities normal to the interface between the 
real and boundary cells; and (c) the boundary cells velocities parallel 

to the interface plane. Boundary conditions must be set for all six 

sides of the computational region defined by the user. In the present 
version of SCORE-EVET, only the boundary conditions on the y-z plane at 
first and last axial levels (i = 1 and i = 6 in Figure B-la) may be 

specified by the user. These two boundary planes have been designated 

the inlet and outlet of the computational region, respectively. The 
boundary conditions for the other four sides of the computational region 

are fixed in the code as no-flow (normal velocity is zero) adiabatic 

free slip (boundary cell velocities parallel to the interface plane are 

set equal to their neighboring real cell value) boundarie~. These 

boundaries are, therefore, limited to representing either symmetry 

planes or solid walls. The distinction between a symmetry plane and a 

solid wall boundary is made by the user's specification of equivalent 
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3.1 
Rl. 
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BC 

(a) x-t. -Plane 

2.3 
BC 

• 

2.2 
RC 

• 
P.SIE.RHO 

2,1 
RC: 

• 

(b) y-z Plane 

y 

1,3 
BC 

• 

1.2 
BC 

• • 

j: 1. k: 1 
RC: 

• 

3,5 
BC 

z 

3,6 
BC 

INEL·A-2442 

INEI.-A-1541 

·' . 

Fig. B-1 Boundary and real ·C"ell arrangement in the x-z and the y-z 
plane of a hypothetical l-0 problem. 
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hydraulic diameter in the real cells adjacent to these boundaries. (See 

Appendix A, User Input Description, Card 16.) 

The user specification of boundary conditions on the inlet and 

outlet planes will determine the direction of flow. The user may specify 

velocity and pressure boundary conditions such that the fluid may be 
entering and exiting on the same·boundary plane. Boundary conditions 

on the inlet and outlet planes are specified by either: (a) pressure 

and internal energy or· (b) axial velocity and internal energy. The 
quantities specified under these two options· can be functions of both 

time and space. However, the user is not allowed to specify both pressure 

and velocity at the same time on a given boundary plane. Other thermo­

dynamic quantities for the boundary cells can· be obtained from the 

equation of state or extrapolated from values inside the computational 
region. Boundary velocities parallel to the inlet and outlet planes can 

be specified as constants equal to the real cell value or equal in 
magnitude but opposite in sign to the real cell value in the plane 
adjacent to the boundary. Typically, the transverse boundary cell 

velocities are set equal to the adjacent real cell value in magnitude 
and sign.· 

The inlet and outlet bounda·ry conditions for the SCORE-EVET code 
are defined by the use of ten boundary condition storage arrays. These 

arrays. as noted in Appendix A, are loaded by Cards 22 .through 33. The 
boundary condition arrays are: Array'IBCFAC (i,j), the inlet and 
outlet boundary flags; Array FBCFAC (i,j), the initial inlet and outlet 

/ 

boundary quantity values; Arrays SIUP(NCHAN) a·nd SOUP(NCHAN), the inlet 

and outlet spatial variation of pressure or axial velocity, respectively; 

Arrays SIS(NCHAN) ctr1d SOS(NCHAN), the inlet and outlet spatial vc1riation 

of internal energy, r~spectively; Arrays TIUP(NN) and TOUP(NN) the inlet 

and outlet pressure or axial velocity multiplication factors/time data 

pairs, respectively; and Arrays TIS(NN) and TOS(NN) the internal energy 

multiplication factors/time data pairs, respectively. 

The arrays which describe the time and space variation of the 

boundary quantities may or may not be read in, depending on the boundary 
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condition flags rearl into array IBCFAC (i,j). The array IBCFAC (i,j) is 

a 2 by 7 (i = 2, j = 7) array which is used to store the integer flags 

that prescribe the seven inlet [IBCFAC(l ,j)] and outlet [IBCFAC(2,j)] 

boundary quantities. The seven quantities, in. the sequence in which . . . . .,. . 

their flags are ordered in array IBCFAC, are: IBCFAC {i,l) array lo-

cation stores the axial velocity (u) boundary specification flag; IBCFAC 
(i,2) ·array location stores the transverse velocity (v) boundary speci­

fication flag;_IBCFAC (i,3) array l~cation stores the. transverse veloc­

ity (w) boundary specification flag; IBCFAC .(i,4) array location stores 

the pressure (1-') boundary specification flng; IBCFAC {i,.5) .array lo­

cation stores the internal energy (SIE) boundary specifica~ion flag; 
IBCFAC (i ,7) array location. stores the temperature (TEMP) boundary. 

specification flag. 

Eight poss i b 1 e boundary f1 ags are ava.il able to descri-be. how the 
a'bove seven quantities are to be defined. The. boundary flags are: 

Integer Flag 
l 

2 

Description 
Free slip boundury condition. The velocity 

norma 1 to the boundary ( u) is set to zero.. A 11 

other quantitie:; in the bourH.Iar·y cP.lls are set 
f'CJ"·"'~l to .thou in the· fl.!al cell:; ildjtlcent ·to 

the boundary cells. 

Constant (.space and time) boundary conditions. 
The boundary quantity will be held constant at 
the value read in.to array FBCFAC (i,,j). 

Time varying boundary condition. The boundary 
quantity will be specified with time according 

to the multiply1ng factor/time data pairs 

loaded in drTays T.IUP, TIS, I'UUP, and TOS. For 

either the inlet or. outlet,.only three boundary 
quantities are allowed to use the boundary 

flag of 3: internal, energy, axial velocity, 
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Integer Flag 

4 

5 

6 

Description 

and pressure. Of these three quantities, 

only the following pairs can be specified for a 

given problem: internal energy and axial 

velocity, or internal energy and pressure. The 

remaining quantity of the three must have a 

flag of 6. 

Spatia.lly varying boundary condition.· The 

boundary quantity will be varied according to 

the channel factors loaded in arrays SIUP, SIS, 

SOUP, and SOS. Thi~flag can be used only 
fdr internal energy, axial velocity, and pres­

sure as ~escribed for Flag 3. As described for 
Flag 3, pressure and velocity cannot be speci­
fied by a flag of 4 at the same time on the 
same boundary.· The quanitity not spec.ified by 

a flag of 4 must have a flag of 6. 

Spatial and time varying boundary condition. 

The boundary quantity will be spatially varied 

according to the channel factors loaded in 
arrays·SIUP, SIS, SOUP, and SOS, and varies 

with time according to the multiplying factor/time 

data pairs loaded in T1UP, TIS, TOUP, and TOS. 

The use of this flag is the same as described 
for Flags 3 and 4. 

Extrapolated boundary condition. The boundary 

quantity will not be specified explicitly, but 

will be. defined by extrapolating its value 

from that of values of the same quantities 

inside the computational region. All quan~ 

tities P.Xr.P.pt pressure and 'axial velocity are 

extrapolated using the assumption that the 
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Integer Flag 

7 

8 

Description 

second derivative of the quantity 
. 1 d. . . a2F to ax1a 1stance 1s zero .ax2 = 

extrapolated boundary condition is 

with respect 

0 . The 

used for 

pressure or velocity, but not both simultaneously. 

On~ of these two quantiti~s has to be specified 

(Flags 2, 3, 4, and 5) and the other is extrapolated. 

If velocity is specified, the pressure is 

extrapolated, being set equal to the value of 

the p~essure of its. adjacent real cell. If the 

boundary cell pressure i.s specified, then 

boundary velocity is calculated:. When pressure 
is specified,, the extrapo 1 at ion spec ifi cat i:on 

on velocity merely ensures that the calculated 

value of velocity i-s not ch.anged .. 

No slip boundary condition·. The v,elocity 

normal to the b.oundat·y (u) is set to zero. The 

tra-nsverse vel.ecities (v and w)' are set equal· 

in magnitude and opposite in ~ign to those 1n 
the real cell adjacent to the boundary cell. 

All other quantities are set equal to the 

adjacent real cell value for the quantity .. 

Equation-of-state boundary condition. Thi.s 

boundary condi't1 on flag 1 s used only for bound·­

ary cell density and temperature. 

,. 
Table B-I summarizes the possible boundary condition options. Array 
FBCFAC (i·,j) is a 2 by 7 array (i = 2,.j =.7) which stores the initial 

values for the seven inlet [FBCFAC (l,j)] and outlet [FBCFAC (2,j)] 
boundary quantities. If the boundarY quantities of pressure, axial 
velocity, or internal energy, are specified as functions of channel 

number (that is, the boundary specification Flag 4 is used), then the 

initial values stored in array FBCFAC will be multiplied by the· appropriate 
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0 
1.0 

IBCFAC(i.,l) 

Boundary Axial 
Condi- Velocity 
tion u 
Option 

1 

2 

3 

4 

5 

6 

7 

8 >< 

TABLE B-1 

BOUNDARY CONDITION OPTIONS AVAILABLE 
FOR THE SEVEN BOUNDARY QUANTITIES 

IBCFAC(i ,2) IBCFAC(i ,3) IBCFAC ( i ,4) IBCIFAC{i,5) 

Transverse Transverse Pressure Internal 
Velocity Velocity p Energy 

v vi SIE 
-

-

~ ~ 
>< >< 
>< =>< 

-:-- f---

:><:=: >< >< >< 
[a] These markings indicate the option is not used. 

,,. 

IBCFAC(i ,6) IBCFAC(i,7) 

Density Temperature 
RHO TEMP 

>< >< >< >< >< >< 
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factors read into arrays SIUP, SIS, SOUP, and SOS. If the boundary 

pressure, axial velocity, or internal energy are specified as functions 

of time (that is, boundary specification Flag 3 is used), then the 

initial values stored in array FBCFAC are multiplied by factors stored 

in the factor/time data pair arrays TIUP, TIS, TOUP, and TOS. The 

multiplication factor is obtained by linear interpolation using the 

current time and the factor/time data pairs. If the boundary quantities 
of pressure, axial velocity, or internal energy are sp~cified as both a 

function of time and channel number (that is, the boundary specification 

Flag 5), then both of the above procedures ar~ used cons~cutively. The 

user is cautioned th~t both inlet and outl~t axial velocity can be 
specified simultaneously. However, this should not be done unless the 
fluid conditions are highly compressible, such as pure steam or high 

, ' 

quality steam-water mixtur~s. Table B-II represents the typical sets of 
boundary condition flags used. 
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Axial Transverse Tran=verse 
Velocity \'elocity Velocity 

u v Vf 

In- Out- In- Out- In- i Out-
1 et 1 et 1 et 1 et let I let 

2 6 1 1 1 1 

3,4 6 1 1 1 1 
and 

5 

6 6 - 1 1 1 1 

6 2,3, 1 1 1 1 
4, 
and 

5 

TABLE B-11 

TYPICALLY USED BOUNDARY 
CONDITION FLAGS 

Pressure Internal 
p Energy 

· SI E 

In- Out- In- Out-
let 1 et let let 

6 2 2 6 

6 2,3, 2,3' 2 '3' 
4, 4, 4, 
and and and 

5 5 5 

2,3, 2,3' 2,3, 2,3, 
4' 4, 4, 4, 
and and and and 

5 5 5 5 

I 6 2,3, 2,3, 2. 3. I 4, 4' 4, 
and and and 

5 I 5 5 

Density Temperature 
RHO TEMP 

In- Out- In- Out-
1 et 1 et 1 et 1 et 

2 6 2 6 

8 or 8 or 8 or 8 or 
6 6 6 6 

8 or 8 or 8 or 8 or 
6 6 6 6 

8 or 8 or 8 or 8 or 
6 6 6 6 
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APPENDIX C 

CONSTITUTIVE RELATIONSHIPS 

The constitutive relationships discussed in this appendix are 

divided into' four general parts. Section 1 describes formulas and 

options for the fluid-solid interfacial momentum exchange. Section 2 
describes the formulation of the turbulent energy and momentum exchange. 

Section 3 describes formulas and o~tions used to calculate the fluid­

solid interfacial energy exchange. Tables C-I and C-11 (see pages 116 
and 117) summarize the code input flags required to specify all correlation 

options. Table C-I gives the model options for specifying 13 predefined 

flow models, and one user-specified flow model. This table contains 
the correlation options when specified by a given model. Table C-II 

provides a summary description of the friction factor, two-phase 
multiplier, and heat transfer correlations and options. Section 4 of this 

apperidix describes the method used to evaluate the water properties. 

1. FLUID-SOLID INTERFACIAL MOMENTUM EXCHANGE 

In Section III. the fluid-solid interfacial momentum exchange 

was identified in the linear momentum equation as Fi. In the SCORE-EVET 
code, F. is expressed in terms of the Darcy friction factor. 

- 1 

Two methods are provided for the SCORE-EVET user to calculate Fi. 

In the first method, the form of the Darcy friction factor is evaluated 
at liquid reference conditions, and the Two-phase multiplier is calculated 

using one of the six correlations available to the user. The Two-phase 

multiplier options are selected by use of the correlation flags ITPMLi 

and ITPMTi. 

When using the second method to calculate Fi' nonequilibrium 

effects are included only by the use of the nonequilibrium void fraction 

to evaluate mixture viscosity. In the present version of SCORE-EVET. the 
mixture density is always calculated by the homomogeneous equilibrium 
formulation. 
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TABLE C-I 

OPTIO\S DESCRIBI~G CONSTITUTIVL RELAT!ONS~IPS FOR FLUID-SOLID INTERFACIAL HEAT AND MOMENTUM EXCHANGo 

Heat Transfer, Model o ;:ion 
Friction 

Factor, and 
Two-Phase 
Multiplier 8 9 10 11 12 13 

Name 0 2 3 4 5 6 (ARMAND) (M-N-L)[a] (Be3ttie) (Barocz~) (Chisholm) (User SEec) 

Correlation 0 tion 

IREC~'S 0 0 0 0 0 0• 0 0 0 0 0 0 0 User Spec 
!REX 4 3 4 3 5 6 5 6 User Spec 
IR'EY 4 3 '4 3 5 6 5 6 User Spec 
IREZ .4 3 4 3 5 6 5 6 User Spec 
IFXLJl.M 1 1 User Spec 
IFYLJl.M 1 User Spec User Spec User Spec User Spec User Spec __, 
IFZLJl.M 1 1 User Spec User Spe: User Spec User Spec 1 1 1 User Spec ....:...0 

·cj) IFXTCB 3 3 User Spec User Spec 3 3 User Spec User Spec ·3 3 3 3 3 User Spec 
IFYTUB 3 3 User Spec User Spec 3 3 User Spec User Spec 3 3 3 3 3 User.Spec 
IFZTl!B 3 3 User Spec User Spec 3; 3 User Spec User Spec 3 3 3 3 3 User Spec 
IFLTEM 0 0 0 0 0 0 0 0 0 0 0 0 0 User Spec 
IALFJl. 1 1 1 User Spe.: ·User Spec User Spec User Spec 4 5 7 10 User Spec User Spec 
ITPRHO 1 2 2 2 2 1 .2 User Spec 
ITPMLX 5 5 5 5 5 5 5 5 2· 3 4 2 User Spec 

!TPMLY 5 5 5 5 5 5 5 5 2 3 4 2 User Spec 
ITPMLZ 5 5 5 5 5 5 5 5 2 3 4 2 User Spec 
ITPMTX 5 5 5 5 5 5 5 5 2 3 4 2 User Spec 
ITPMTY 5 5 5 5 5 5 5 5 2 3 4 2 User Spec 
ITPMTZ 5 5 5 5 5 5 5 5 2 3 4 2 User Spec 
JCHF User :>pee User Spec User Spec User Spec 'User Speo: User Spec User Spec User Spec User Spec User Spec Use- Spec User Spec User Spec User Spec 
IHTDBF User Spec User Spec User Spec User Spe:. User Spe•: User Spec User Spec User Spec User Spec User Spec Use- Spec User Spec User· Spec User Spec 
IFILMH User Spec User Spec User Spec User Spe·: User Speo: User Spec User Spec User Spec User Spec User Spec Use- Spec User Spec User Spec User Spec 

[a] Martinelli -Nel sol-Lockhart. 



Flag 

ITPMOD 

IALFA 

TABLE C-II 

FRICTION fACTOR, TWO-PHASE MULTIPLIER, AND HEAT TRANSFER CORRELATIONS AND OPTIONS 

Option Description 

0-13 Described in Table C-I· (0 is the default value). 

(Default 
Value) 

2 

Homogeneous void fraction (slip ratio, K = 1.0). s 
a = __ x-=-~_,P __ £.;___ 

xei3 £. + (1 -xe) i3 9 . 

Slip. ratio, Ks' is calculated. as a polynomial function of quality. Ks = ASLP(l) 

+ ASLP(2)xe + ASLP(3)xe2 + ASLP(4)xe3. The void fraction is calculated as 

a = __ (-----) where the number of ~oeffi ci ents NASLP to 
pgKi + Xe p1-pgKs 

be used and the 

coefficients ASLP are input by the user. 
3 Void fraction is calculated as a polynomial function of quality. a= AALF(l) 

+ AALF(2)xe + AALF(3)xe2 + AALF{4)xe3. The slip ratio is calculated 

ai3 9 - xeai59 
4 Void fraction and slip ratio are calculated with the Armand correlation[C-lJ. 

5 Void fraction and slip ratio are calculated with the Martinelli-Nelson-Lockhart 
correlation[C-2]. 



TAELE C-II (continued) 

Flag Opt4on Description 

IALFA 6 ~oid fraction and slip ratio are calculated with the Madsen correlation[C-3]. 

(contin~ed) 7 Void fraction and slip ratio are calculated with the Smith correlation[C-4J. 

IRECWS 

8 ~oid fraction and slip ratio are calculated with the Thorn correlation[C-2]. 

9 ~oid frattion and slip ratio are calculated with the Zivi correlation[C-SJ. 

10 Void fraction and slip ratio are calculated with the Baroczy correlation[C-l 8J. 

11 Void fraction and slip ratio are calculated with the· Bankoff correlation[C-6]. 

12 Void fraction and slip ratio are calculated with the Turner-Wallis cor~elation[C- 2 ]. 

13 Void fraction and slip ratio are calculated \\'ith the Von Glahn-Polcyn correla­
:ion[C-?]_' 

14 Void fraction and slip ratio are calculated with the Bankoff-Jones correla­
;:ion[C-8,C-9]. 

0 The component direction velocities u, v, ware used to calculate the x,y,z Reynolds 
(Default numbers, respectively. 
Value) 

1 The resultant velocity= iu2+l+w2 ·is used to calculate· the x,y,zReynolds 
numbers, respectively .. 



1..0 

Flag 

IREX~ IREY, 

and IREZ 

IFXLAM 

Option 

. 1 

2 

(Default 
Value) 

3 

4 

5 

6 

(Default 

Value) 

TABLE C- II (continued) 

Description 

Reyno 1 ds nurmer is calculated using the liquid viscpsity. 
x 1-x 

Reynolds nurmer is calculated using the mixture viscosity defined by -- ~+--e 
iJ iJg iJ£ 

Reynolds number is calculated using the mixture viscosity defined by iJ = xeiig 
+ (1-xE)i:i£. r 

1 a 1-a Reynolds number is calculated using the mixture viscosity defined by-=-+-· jj jjg jj£ . 

Reyno 1 ds number is calculated using the mixture viscosity defined by iJ = ajJg 
+ (1-a)iJ£. 
Reynolds number is calculated using the vapor viscosity. 

x-direction laminar friction factor fXLl = 64/Re and fxL 2 = 0. 

IFYLAM and y,z-direction laminar friction factors, fYLl and fZLl, using the Bergelin 
IFZLAM (Default correlation[C-lOJ. · 

Value) 

.2 y,z-direction laminar friction factor fyll- = 64/Re, fZLl = 64/Re, and fYL 2 = fZL 2 
= 0. 0. 



........ 
N 
0. 

Flag 

IFXTUB 

Option, 

TABLE C-II (continued) 

Description 

x-direction transitiar·- turbulen~ (T-T) friction ~actor: fXTl = ClTFX(Re)FREXPX 

fXT2 = C2TFX 
wn.ere CHFX, FREXP:~. ard C2TFX are input by the user. A t=mperature correction can 
be applied to fXT2 IFLTEM = 2. 

2 x-direction T-T friction factor: fXT 1 = 2Log(Dhy/2ROUGH) *" 1.74 

where ROUGH is input by the user fXT2 = 0 . 

3 

(Default 
Valu~)· 

4 

x-dtrec~ion T-T friction factor: 

x-direction T-T friction factor: 

1. 

yrrn 
= 2Log (Re ~) -0. 8. 

= 1.?4_2Log (2~0UGH + 18.7 )· 
h~' Rev;;; 

fXT2 = O. 

5 x-direction T-T fri:tion factor using the Lombardi-Pedrocchi corre1ation[C-ll] for 

fXTl. 

Note: This correlatiJn includes th~ two-pha$e frict1on factor. 



Flag 

IFYTUB and 

IFZTUB 

N 

Option 

TABLE C-II (continued) 

y,z-directiDn T-T friction factors: 

fYTl = ClTFY(Re)FREXPY 

fy 12 = C2TFY 

f = ClTFZ(Re)FREXPZ 
ZTl 

fZT2 = C2TFZ 

Description 

where ClTFY, FREXPY, C2TFY and ClTFZ, FREXPZ, C2TFZ are input by the user. A 

temperature correction can be applied to fy 12 and fZT 2 if IFLTEM = 2. 

2 y,z-directio" T-T frictio" factors: fYT): fZTl: 2Log(~:P) + 1.74 

3 

(Defa1ul t 
Value) 

y,z-direction T-T friction factors: 

f YT2 = f ZT2 = 0. 

--=--1 - = 1. 74-2~og ~ + 18· 7 ) 
JfYTl \L Dr Re jf YTl 

1 
= 1. 74-2 {Log ~5rP 

jfZTl. \ 
+ 18.7 ) 

Re Jf ZTl 



N 
N 

Flag 

IFLTEM 

ITPRHO 

ITPMLX, 
ITPML Y, 
ITPMLZ, 
ITPMTX, 
ITPMTY, 

ITPMTZ 
and 

Option 

0' 1 

(Default 
Value) 

2 

2 

3 

4 

T~BLE C-11 (continued) 

Description 

No te~perature correction is applied to the friction factor. 

For the friction factc·rs gi\ien by IFXTUB, IFYTUB, and IFZTUB = 1 above, a wall tem-

peratJre correction cif friction factor is app~ied as ·f( )T2 = C2TF [1.0 x,y,z x,y,z 
-O.OOI(Tw- Tb)] wl':ere lw =wall temperature 

Tb = bulk coolant temperature. 

Homogeneous two·- phase mixtur·e density: 
i5 Q. p: 

i5 = __ ___.:_:_:__9;;J._ __ 

XeP £ + ( 1- Xe) i5 ;J 

In the present versiar cf SCORE-EVET, only the homogeneous form of mixture densi.ty is 
used. 

Two-phase frict-ion muHiplier calculated with the Armand C·)rrelation[C-l]_ 

Two-phase friction muTtiplier calculated with the Martinelli-Nelson.:.Lockhart correla..: 
t" [C-12] 

1 on· . 
' correlation[C-l 3J. Two-phase f.ri ct ion muTti p 1 i er calculated with the B_eattie 

Two-phase friction multiplier c;alculated with the Baroczy correlation[C-l 4J. 



N 
w 

Flag 

ITPMLX, 
ITPMLY, 
ITPMLZ, 
ITPMTX, 
ITPMTY, and 
ITPMTZ 
(continued) 

ITPML Y, 
ITPMLZ, 
ITPMTY, and 
IPTMTZ 

TABLE C-II (continued) 

Option Description 

5 Mixture den:.ity and friction .factor are used to calculate the t•No-phase frictional 
(D~fault pressure/drop. 
Value) 

6 

7 

(a) Homogeneous flow: IALFA = l; IREX, IREY, or IREZ = (2 to 3); IFXTUB = l through 
4; IFYTUB or IFZTUB = l throu.gh 3; and ITPRHO = l. 

(b) Nonhomogeneous flow: IALFA = ·2 through 14; IREX, IREY, or IREZ = (4 or 5); 
IFXTUB = 1 through 4; IFYTUB or IFZTUB = 1 through 3; and ITPRHO = 2. 

Constant two-phase friction multiplier input by the user as ATP~1LX, ATPMLY, ATPMLZ, 
ATPMTX, ATPMTY, and/or ATPMTZ, respectively. 

Transverse t~o-phase friction multiplier calculated with the Grant-Murray correla­
tion[C-l5]; The two-phase frJction multiplier is: 

<P~0 = 1 + ( ~) :: { xe + 0.15 [Fe- xe 
400

]} for laminar flow, and 

.p~0 = l + (~) -bTl :: { xe + 0. 15 [ Jxe - Xe 
400

]} for turbulent flow, where 

bTl .= FREXPY for IFYTUB = 

bTl = FREXPZ for IFZTUB = 1. 



Flag 

ITP.MLY, 

ITPMlZ, 

ITPMT'Y, and 

ITPMTZ 

(continued) 

IFILMH 

TA6LE C-II (continued) 

Option Description 

7 The fo11Gwing friction factor option should be used wit1 this two-phase friction 

(con- mu1tip~ier: 

tinued) IREY, IREZ = l 

2 

I FYLAMI, I FZLAM = 1 or 2 

IFYTUB, IFZTUB = 1. 

Transition and film boiling correlation options are: 

The transition or film boiling heat flux is the most conservative of the heat fluxes 

calculated by the: ~1cDonough, Milich, and King[C-l 6] ccrr.elation (Mode 4); 

Groeneveld[C- 1?] 5.9 co-relation (Mode 5); or the Dou~all and Rohsenow[C-l 8] correla­

tion (Mode 9). 

The transition or film boiling heat flux is the most ccrservative of the heat fluxes 

cc.lculated by the: Mo:Jonoug1, Milich, and King[C-l 6] ccrrelation (Mode 4); 

Groeneveld[C-l?] 5.3 :Jrrelation (Mode 5); or the Dougall and Rohsenow[C-la] co~rela­
ti.on (Mode 9). 

3 The transition or film boiling heat flux is the most •:onservative of the heat fluxes 

{Defa!Jlt calculated by the: r~cD::mough, Milich, and K.ing[C-l 6] correlation, .or the Dougan 

V 1. ) d [C-18] . ( 9) a ue an Rchsenow correlat1on Mode . 

4 The transition or film boiling heat flux is calculgted by the Condie-Bengsten 

correlation, and th.e heat transfer mode is set equal to 5. 



N 
U1 

Flag 

JCHF 

• 

TABLE C-II (continued) 

Option Description 

Critica-l heat flux correlation flag. Each option provides the calculation of CHF by 

the following1: 
0 Interpolates B&W2[C-l 9J, Barnett[C-20], and modified Barnett[C-2l] based on pressure. 

(Default 

Value) 
1 

2 

3 

4 

5 

6,7,8 

The W3 CHF correlation[C-22] including the cold wall correction factor. 

The B&W2[C-lg] CHF correlation (Note: Does not include a significant cold wall 

effect.) 
[C-23] . The Babcock & Wilcox B2 CHF 

6 lb of G ~ 1. 0 x 10 2 . (Note: 
hr-ft 

correlation for high flow regime axial mass fl.uxes 

Includes a cold wall effect.) 

The Babcock & Wilcox B2M[C- 23 ] CHF correlation for middle flow regime. (Note: 
Includes a cold wall effect.) 

The Babcock & Wilcox B6C[C-23 ] (HF correlation for high flow regime. (Note: Includes 

a cold wall e~fect.) 

Barnett[C-20] CHF correlation with rods represented as an equivalent annulus .. 

9 Macbeth[C- 24 ] bundle average CHF correlation at 1000 psia. 

10 Modified Barnett[C-2l] CHF correlation with rods represented as an equivalent annulus. 

11 Bowring[C- 25 ] round tube CHF correlation .. :. ·· 



Flag 

JCHF (con­
tinued) 
IHTDBG 

TABLE C-II (conti~ued) 

Opti:on Descr-iption 

]2 GE[C- 26] CHF correiations. 

0 No printout occurs for debugging purposes. 

(Default 
Vc.lue) 

1 The values of va,riables for the heat transfer calculations are printed for debuggiAg 
~urposes. 

• 



p = ( C-1 ) 

Where Xe is the equilibrium quality defined as 

H - H£. 
(C-2) 

and the terms H, H£., and Hg are the mixture, liquid, and vapor enthalpie~, 
respectively. 

The second method of calculating the Two-phase frictional pressure 
loss can be selected by use of the input flag ITPRHO and the correlation 

flags ITPMLi and ITPMTi. 

The void fraction a is defined by the general formulation for 
Two-phase flow 

a = ~-----=-------- (C-3) 
PgKs + xf(r£.- ~gKs) 

where xf is flow quality and Ks is the ratio of the phase velocities; 
That is; 

-
Ks = u /u g £, 

and ug and u£. are the average vapor and liquid velocities. 

(C-4) 

In the present version of SCORE-EVET, flow quality Xf is assumed 
equal to equilibrium quality xe' and Equation (C:-3) is IISPCl in t.hP 
following form: 

(C-5) 
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In SCORE-EVET. 14 options are available for calculating void fraction. 

These options consist of a homogeneous model for which the phase velocities 

are equal and 13 nonhomogeneous models for which the void fraction is 

calculated using a correlation for void fraction, or using Equation (C-5)· 
and a correlation for slip. 

The flag IALFA selects the model desired. In the current version 

of SCORE-EVET, slip is calculated but is not used in the transport terms 
of the conservation equation. Void fraction is calculated to select 

heat transfer correlations, to use in two-phase friction mutipliers. 

and to calculate mixture viscosity used in friction factor correlations. 

The following sections describe correlation options which can be 

selected for the friction factor, void fraction, two-phase friction 

factor multiplier, two-phase model options, and form loss factors. 

1.1 Void Fraction Correlation Options 

The following is a list of the void fraction options which may be 
selected by the code user. 

lALl-A "' I : 

Selects the homogeneous, that is, equal phase velocity and equal 

phase temperature (~VEr) model, where: 

Xp p g, 
a = ---------~ ('(;-b) 

Xe P! + (1 ·- xe) Pg 

and 

(C-7) 

IALFA = 2: 

Selects a velocity slip ratio model that is a polynomial functi-on of 
quality: 
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·-· 

Ks = ASLP(l) + ASLP(2) xe + ASLP(3) xe2 
+ .... + 

ASLP(NASLP) xe(NASLP-l) (C-8) 

where NASLP and the coefficients ASLP are input by the user (NASLP = number 

of ASLP coefficients, maximum= 4). The void fraction is calculated 

using the following form of Equation (C-5); 

XePQ. 
a = -----'--_------ (C-:9) 

Pg Ks + xe(pQ. - Pg Ks) 

IALFA = 3: 

Selects a user-.input model for which the void fraction is a polynomial 
function of quality: 

a= AALF(l) + AALF(2)xe + AALF(3)xe2 
+ ... + 

(NAALF-1) AALF(NAALF)xe (C-10) 

where NAALF and the coefficients AALF are input by the user (NAALF = 
number of AALF coefficients, maximum= 4). 

The velocity slip ratio is calculated using Equation (C-5) 

IALFA = 4: 

Selects the Armand correlation[C-l] for which the void fraction is 

given by: 
-

a = 
Xe pQ.(0.833 + 0.167 xe) ( C-11 ) 
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Equation (C-5) is used to calculate the slip ratio: 

(C-12) 

IALFA = 5: 

Selects an approximate Martinelli-Nelson-Lockhart correlatinn as 
given by Butterworth[C-2] for which the void fraction i~ given by: 

a = [1 ( C-13) + 0.28 )

0.639 

(

1 - Xe 

Xe 

-1 

The velocity slip ratio is calculated by substituting Equation (C-13) 

into Equution (C-5): 

0.36i 

IALFA ·= 6: 

[C-3] Selects the Madsen correlation for which the void fraction is 

de$~ri bed ·a-s: 

(C-l5) 

no 



where 
LoglO. (~~) + 0.36385 l/2 

(C-16) N = -
L_og 1 0 ( :; 1 

+ 0.36385 

The velocity slip ratio is: 

=If r x.x·) 
M 

Ks 
(C-17) 

where 

l/2 LoglO (~:) 
M = 

G: )+ 0. 36385 

(C-18) 

LoglO 

IALFA = 7: 

Selects the Smith correlation[C- 4] for which the void fraction is 

described as: 

a - -1 -+ ----;--0 -. 4-+ -0-. -6 _[_:_:_~_: -~-:-: -: :-~-:-: ~-:-1 -_ -x-:-~ )=1-::-l 
1-;-;2:--_-(-~-~-) -(-1 --:-~-~e-l--:-\ 

The velocity slip ratio is: 

Ks = 0.4 + 0.6 ~
'e·~ 2 + 0.4 ~ 2 (1 - x~) 

Xe Pg + 0.4 p (1 - X ) - g . e 
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(C-19) 

(C-20) 
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"IALFA = 8: 

Selects an approximate Thorn correlation given by Butterworth[C-2] 

for which the void fraction is described as: 

( C-21) 

The velocity slip ratio is: 

- (~~)0.11 
K - -s -

Pg 
(C-22) 

IALFA = 9: 

Selects the.Zivi correlation[C-S] tor which the void fraction is 

oescribed by: 

·rhe v,elQcity slip rQtio is: 

·IALFA = 10: 

K s 

(C-2~) 

(
- ).0. 333 . p .. 
__g_ 

(l~ 

(C.~24·) 

Selects ,an approximate Baroczy corr.ela~ion as ~iven by B:t~tterworth[C- 2 ] 
for which the void fraction i~: 



(C-25) 

The velocity slip ratio is: 

0.26 (- )0.35 (- )0.13 

( ) 

r> JL ll JL 
K s = l : -:::-- -:::-

Xe . P \.l 
g g 

(C-26) 

IALFA = ll :· 

Selects the Bankoff correlation[C-6] for which the void fraction is 

given as: 

= 
Xe PJI, (0.71 + 10-4 ;) (C-27) a ( l - X ) Xe PJI, + Pg e 

The velocity slip ratio is: 

(C-28) 

IALFA = 12: 

Selects the Turner-Wallis correlation as given by Butterworth[C-2] 

for which the void fraction is given as 

a = ~----------------~------------------
(C-29) 

)

0. 72 
- Xe 
X . e 

The velocity slip ratio is 
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( 

X ) 0 · 2 8 (- ) 0 . 6 0 (· _

1
0. 08 

-=---'e~·- . P Q, JJ R. 
1 - X - .-e - -

·P 1J . g 9 

(C-30) 

IALFA = 13: 

Selects the von Glahn-Polcyn correlation[C-7] for which the void 

fraction is 

a. = 

1 + (1'.954 X 10-6) [p + 5.8605 X 104) (1 ::·)] 0.7 

where P is in SI units. 

( C-31) 

The velocity slip ratio is 

0. 7 . 
(P + 5.8605 X 104) (1.954 

The average mixture density is given by Equation (C-6). 

IALFA = 14: 

Selects the Bankoff-Johes correlation[C-8, C~9 ] for which the 

·voiq fraction musl be sohled by iterat·ion using quality and velocity 

slip ratio, The velocity slip ratio is: 

. ·K = 
s 

- - _.::...__ ________ ___:_ _ __,_:.._.-.:::.().L) --~------____._..,.,...--___ _ 

'[0.71 +.0.29(P/Pc)] -a.+{[l- 0.71- 0.29(P/Pc)] (a.) [(0. 46 p + O.l8)P + 3.33]}. 

(C-3J) 
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where 

P = pressure in psia 

Pc = critical pressure in psia. 

The void fraction is iterated using the nonequilibrium definition of 

mixture density: 
- -

= p~ - a (p~ - Ks pg) 
P ( 1-,t) + a Ks (C-34) 

First, the velocity slip ratio is set to ODe so that 

p~ - p 
a=- (C-35) 

This a is substituted into Equation (C-33) to solve for Ks. A new 
mixture density is then estimated as: 

- -
Pg Ks + xe(p~ + pg) 

Then K and p are substituted into Equation (C-34), and a, Ks, and _ s n 
pn are solved for again. Thi$ is repeated until m-th solution results in 

1.2 Friction Factor Correlation Options 

Existing literature[C- 27 • C- 2S] most often describes the Darcy 

friction factor for laminar flow by the formula 

(C-36) 
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where al is a con$.tan~t cqefftci-~ot, 
and bl is a constant equivalent to 

the terms al and bl are 

Re i ~ ~he fl.tJ.i-d ~-~yno 1 ds n~~mber, 

~ fqr~ l~ss ~oefficient. For pipes, 

64. 0. 

and ( C-37) 
0.0 . 

For turbulent flow, the Darcy friction factors are most often 

described by one of the following three models. 

The fir~t model for fT is· based on a model by Blasius[C-29 ] and is 

expressed as 

(C-38) 

where aTl is a constant coefficient, Re is the fluid Reynolds number, 

bTl is a constant exponent, and cTl is a constant equivalent to a form 
loss coefficient. Fpr smooth pipes the coefficients are: 

aT) = 0.3164 

PT1 = -0.25 

~Tl = 0.0 ... 

Th~ second .mo.del for f T is ba?ed .on a formu~ a deri.ve9 by vqn 
Karman [C-28] for pi pes with rough .~a 1 Js ~nd is . . . .. . . 

(~) -2~ .. s 
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where aT2 and bT2 are constant coefficients, Dhy is the pipe hydraulic 

diameter, and ~s is the height of the pipe surface equivalents and 

roughness. For rough pipes, the coefficients are 

= 2 

and ( C-41 ) 

= 1. 74. 

The third model for fT is that by Colebrook[C- 29], which is based 

on Prandtl 's concept of mixing length and the logarithmic fluid velocity 

distribution .. Colebrook's formulation for pipes correlates the region 

from hydraulically smooth to completely rough pipes. The Colebrook 

equation is 

1 

~-
= + (C-42) 

where aT3 and bT3 are constant coefficients, Dhy is the pipe hyd~aulic 
diameter, ~ is the height of the pipe surface equivalent sand roughness, s 
and Re is the fluid Reynolds number. For pipes, the coefficients are 

= 18.7 

and (C-43) 

= 1. 74 

Using the values for aT3 and bT3 given by Equations (C-43), Moody[C- 291 
converted the rough properties of comm~rcially made pipes to surface 

equivalent sand roughness and plotted the friction factor versus Reynolds 

number for various values of (2~s/Dhy). This set of curves is known as 
the Moody friction factor curves. For smooth surfaces (~s = 0), Equation 

(C-42) reduces to: 
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1 = rr 
where aT4 and bT4 are constant coefficients and Re is the Reynolds 

number. For smooth pipes, the coefficients are 

= 2.0 

and = -0.8 

( C-44) 

(C-45) 

Using these coefficients, Equation (C-44) is known as Prandtl 1 S universal 
1 a·w of fr'i ct ion for smooth. pi pes[C-29]. 

For geOmetries other than pipes, different values of the terms al' 

bl' aTl' bTl, cTl' aT2 '. bT2 ' ·an, bT3, aT4' and bt4 are required. In 
addition, for other than pipe ·geometries, an equivalent hydraulic 

diameter is defined as 

(C-46) 

where ~F is the cross-sectional area of the fluid channel and Pw ·is the 
wetted perimeter of tne channel. 

In SCORE..:EVET, a frict'ion factor is ca 1 culated for each of th·e x- '· y:...., 
~-dtrections. The x-directioh repre~ents the axial direction~ ah~ the 

y- and z-directions re~resent the transverse ·directitins thro~gh the ·core. 
For the transverse direction, ·a sqilare n'rray fuel ·rod arrangement is 

assumed. All of the friction factor models assume turbulent flow at . 

Reynolds numbe~s gre~ter than 4000. At Reynolds numbers less than or 
equal to 4000, the·transition regime is smoothed by choosing the maximum 

nf the laminar or turbulent friction factor. 

Two options are available for choosing the velocity to be used ·in 
the Reynolds number. The options are specified by the inp-ut ·parameter 

IRtCWS. The options are 
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IRECWS = 0: 

IRECWS = 1: 

A Reynolds number is calculated for each of the x­

y-, and z-directions based on the velocities in each 

of the x-, y~. and z-directions, respectively. 

Reynolds number is calculated using the magnitude 

of the resultant velocity vector. This Reynolds 

number is then used for the x, y, and z Reynolds 

number. 

In SCORE-EVET, the friction factor is treated as if it were of two 

components. That is: 

(C-47) 

which is the same form as Equations (C-36) and (C-38), where f1 is a 

function of Reynolds number and f 2 is a constant treated as a form 
coefficient. In the following discussions of axial and transverse 
friction factors, each of the friction factor models is developed in 

terms of the two-component friction factor given by Equation (C-47). 

1~2.1 Axial Friction Factor Options. For the axial friction 

factor in each calculational cell, the Reynolds number is calculated for 

a single-phase fluid as I j' 

Re = ~~. Dhy 
X 

(C-48) 

where n represents the single phase, either liquid (~) or vapor (g). 

For two-phase fluid, a liquid reference Reynolds number is calculated 
by, 

pU. 
p£ 1 

Dhy -
p£ (C-49) 

Re = 
X -

~ 
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-
The term p is the mixture density, p£ is the liquid density, ui is the 

velocity in the x-direction Dh is the cell hydraulic diame·ter, Jl is 
- y 

the mixture viscosity, and Jl is the viscosity of the liquid or vapor 
n -

phase. For two-phase fluid, the value of Jl depends on the two-phase 

model selected. In SCORE-EVET, there are six models available to calculate 

mixture viscosity. These models are selected by the option IREX, for 

the x component direction. The optional models are: 

IREX = 1: ]J = ]JQ, (C-50) 

1 Xe ( 1 - X ) 
= + e - -IREX = 2: (C-51) 

]J ]Jg ]JQ, 

- -
IRCX "' 3: ]J = Xe ]Jg + ( 1 - xe)PQ. (C-52) 

IREX = 4: Ct ( 1 - a) = + -:::- - (C-53) 
]J ll~ ]JQ, 

.~ 

IREX = 5: ]J = Ct ]Jg + ( 1 - <d u ~. (C:-54) 

and IREX = 6: ]J = ]Jg ( C- 5'5) 

All of the models for friction factor given by Equations (C-36) 

through (C-45) are included i~ SCORE-EVET ~nd in addition a correl~tion 
developed by Lombardi-Pedrocchi[C-TlJ to calculate the ptessute· drop for 
single- and two-phase fluid flowing axially through rod bundles is 

1nc"luded. The model to be used is selected by the input parameters 
IFXLAM and IFXTUB which designate.the e~uation to us~ fot laminar ari& 
turbulent flows respectively. For the axial laminar friction factor, 

Equation (C-36) is used with the constant coefficients of Equation (C-37). 

This is the only model for axial laminar friction.factor and IFXLAM is 

automatically set to l. However, provisions are made to include additio·na·i 
correlations if they become available. 
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For turbulent flow, the flag IFXTUB determines which one of the 

Equations {C-38) through (C-45) is to be used. The options available 

are: 

IFXTUB = ·1: 

Selects Equation (C-38) as the axial friction factor model. The 

coefficients a11 , c11 , and the exponent bTl are represented by input 
quantities ClTFX, C2TFX, and FREXPX, respectively. If ClTFX, C2TFX, and 

FREXPX are input as blank or zero, they default to the values given in 
Equation (C-39). The axial friction factor calculated is then 

fXTl = ClTFX + (Re)FREXPX 

fXT2 = C2TFX 

where fx12 is treated as a form loss coefficient within the cell. 

IFXTUB = 2: 

{C-56) 

Selects Equation {C-40) as the axial friction factor model. The 
coefficients a12 and b

12 
are represented in the code by ClTFX and C2TFX, 

respectively. At present, no provision has been made to input these 

quantities, that is, they default to the values given in Equation 

(C-4'1 ). The roughness term, t,;s, is a constant represented by the term 
ROUGH. If ROUGH is input as blank or zero, it will default to a value 
of 0.0008 metres which is equivalent to a commercially smooth pipe. The 

hydraulic diameter, Dh , is assumed to be constant for each axial flow y . 
channel but may vary from channel to channel. Hence, the only variable 

is Dhy' and Equation (C-40) becomes 

1 

~ 
( C-57) 

where 

(C-58) 
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In terms of the two-component friction factors: 

fXTl = fT 

and (C-59) 

f XT2 = O . 

IFXTUB = 3: 

Selects Equation (C-44) as the axial friction factor model. The 

coefficients an and bn are constgnts represented in the code b.v ClTFX 

and C2TFX, respectively. No provisions have been made to input these 

quantities, so. they default to the values given in Equation (C-45). The 

solution to Equation (C-44) for fT is transcend~ntal and is iteratively 
solved. In terms of the two-component friction factor: 

fXTl :: ft 
and (C-60) 

fXT2 = O. 

IFXTIIR = 4: 

Selects Colebrook's tormula, Equation (C-42), as the axial frittion 

factor model. The coefficients aT3 a~d bT3 are represented ih the code 
by ClTFX and C2TFX. These quantities are set to the values given in 

Equations (C-43). The term ROUGH must be input. Howt=>vPr, if ROUGH· is 

input as blank or zero, it defaults to a valur. O.OOOR mPtrPc:; whirh ic:; 
equivalent to a commercially smboth pipe. 

In terms of the two-compon_ent friction facto·r, Equation (C-42) 

is represented by: 

f XTl = f T 

and ('C-61) 

f XT2 = O. 
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IFXTUB = 5: 

Selects the Lombardi and Pedrocchi correlation[C-ll]_ Lombardi and 

Pedrocchi have correlated the ·twci-phase pressure gradient data directly 
without the use of single-phase friction factors and two-phase multipliers. 

The correlation, in SI units, is given as an expression for the friction 
pressure gradient directly, in the form: 

0.4 
0 (C-62) 

1.2 

where pis the mixture density given by Equation (C-1). For rod arrays 

and annuli, the values 0.213 and 1.6 have been reported for the coefficients 

KLP and nLP' respectively. 

An extensive amount of data has been used to determine these 

coefficients.· Lombardi and Pedrocchi give the following ranges of 
conditions for the data: 

Mass Flux, Gx 500 to 5000 kg/m2.s 

Equivalent diameter, Dhy 0.005 to 0.025 m 

Channel length, L 0.1 to 4 rn 

Liquid-to-vapor - -
density ratio, p~fpg 15 to 100 

Surface tension, o 20 x 10-3 to 80 x 10-3 N/m 

Qua 1 i ty, xe 0.10 to 0. 98 

Flow direction vertical ·upward flow. 

143 



The i iquid:..fO'-'Vapor density ratio cor'respontl's to a pressur'e range of 

2 (106 ) N/m2 (300 psia) to 9 (lo6') N/m2 
(1300 psia) for water. The 

corre)ation agrees well with th~ data on which it is baseH. 

Using the definition of friction .factor: 

(C-63) 

and the definition of mass flux then Equation (C-63) can be rewritten in. 

friction factor form as 

(nLP - 1.86) 
= 2KLPP 

where fXT 2 equals zero. 

(nLP- 1) 0.4 

D 0.2 
hy 

(C-64) 

1 .2.2 Transverse Friction Factor Options. For the transverse 

friction factor in each calculational cell, each of the transverse 

directions, y and z, are considered separately. For the transverse 
friction factor calculations, rod arrays of square pitch are assumed. 

The Reynolds number for each direction is based on the maximum trarisve~se 

vel~city throu~h the rod array. For a single~phase fluid, the Rey~6lds 
n·umbers are calculated as 

and 
Re. z 

lJn 

lJn 

(C-65) 

(C-bb) 

where n represents the single-phase, either liquid (.Q.) or vapor (g). 

For two-phase fluid, liquid reference Reynolds numbers are calculated 
as 
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as 

(C-67) 

and = ~~ wmaxl_ 0 p· hy . 

The term p is the mixture density, p
2 

is the liquid density, 

vmax and w are the maximum transverse component v~locitiesr, Dh is max _ - Y 
the cell hydraulic diameter,'~ is _the mixture viscosity, and ~n is the 

viscosity of the liquid or vapor phase. For two-phase fluid, the 

value of ~ depends on the two-phase model selected. These models are 

selected by setting the option IREY (for the y-direction) and IREZ (for 

the z-direction) to one of the six optional models as described by 

Equations (C-50) through {C-55) for IREX. 

The terms vmax and wmax are the maximum transverse velocities in 
they- and z-directions respectively, and are defined as: 

vmax = 
vcSQ 

(Sp - Dr) 
( (-68) 

and 
WE:S~ 

wmax = 
(Sp - Dr) 

(C-69) 

where the term E: is the cell porsity (the ratio of cell fluid volume to 

cell volume), SP is the rod spacing, and Dr is the rod diameter. Laminar 

and turbulent friction factor models can be specified independently 

for the transverse directions _by the options IFYLAM and IFZLAM (for 

laminar friction) and IFYTUB and IFZTUB (for turbulent friction). The 

optional models are given in the following descriptions. 

IFYLAM arid/or IFZLAM = 1: ~ 
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Selects a model of the form given by Equation (C-36·), for a s·quare 

pitch· rod array with the coefficients al and bl g.iven by Bergel in et 

al[C-lO]. The two component friction factors for the y- and z-directions 

are .mode 1 ed by 

(C-70) 

= 0.0 

fZLl = 
~ C2LF] 
ClLFZ (~:YH~:) / Re

2 
(C-71) 

fZL2 = 0.0 

where ClLFY and ClLFZ equal 280 and C2LFY and C2L~l equal 1.6. 

Reynolds numbers Rey and Re
2 

are calculated with viscosity models 

selected by IREY and IREZ. 

IFYLAM and/or IFZLAM = 2: 

Selects the mode·l of the form given by Equation (C-36) with the 

coeffi-cients al and bl given by Equation (C-37). Reynolds numbers Rey 

and Re
2 

a.re calculated with the viscosity model selected by IREY and 

IREZ .. 

For turbulent flow, the input par~meters IFYTUB and IFZTUB deter­

mine. which one of the models given by Equations (C-38) through (C-45) 

is to be used. 
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IFYTUB and/or IFZTUB = 1: 

Selects a model of the form given by Equation (C-38). The constants 

aTl' bTl, and cTl are described.by the input quantities ClTFY, C2TFY, 
and FREXPY, in they-direction, and ClTFZ, C2TFZ, and FREXPZ, in the 

z-direction. However, if these constants are input as blank or zero, 

they will default to the values: 

ClTFY, C2TFZ = 0.3164 

C2TFY, C2TFZ = 0. 

FREXPY, FREXPZ = -0.25. 

The Reynolds numbers Rey and Rez are calculated with the viscosity 
model selected by IREY and IREZ. 

IFYTUB and/or IFZTUB = 2: 

Selects the model given by Equation (C-40) which is the _same model 

described by IFXTUB equal to 2, except that the quantity (Dh /2~ ) is. 
y s 

replaced by an equivalent crossflow roughness factor (2S /D ). p r 

IFYTUB and/or IFZTUB = 3: 

Selects the same model qiven by IFXTUB equal to 4, except that the 

quantity (2~s/Dhy) is replaced by an equivalent crossflow roughness 
factor (D /2S ). . r p 

1.3 Two-phase Friction Multiplier Options 

Under two-phase condi~ions, the frictional pressure drop Fi in 
SCORE-EVET is modeled in one of two ways: (a) by using liquid reference 

friction factor, liquid density, ~nd a correlation for the two-phase 

multiplier; or (b) by using a mixture friction factor, and mixture 

density. 

' 
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If the·. user e·l ects t0 ca.lcu.Tate tfie· fdcti·oniin pressure· drop . 

by use of the mixture friction factor (if friction factor.is a function 

of Reynolds number), the friction factor is calculated by selection of 

one of the viscosity models, Equations (C-50) through (C-55), and 

mixture density, Equati·on (C-1). As will be shown, this option is 

selected by setting the two-ph~se multiplier. flag equal to 5. 

To use the correlated form of two-phase friction multiplier one 

of five correlation models can be selected. The liquid reference viscosity 

is specified automatically. Any of the axial or transverse friction 

factor models can be selected. However, if the axial friction factor 
model selected is the Lombardi-Pedrocchi corre'lation specified by 

IFXTUB = 5, then $
2

10 
is automatically set equal to one. Appropriate 

void fraction velocity slip ratio models are recommended in the following 

discussion. 

The two-phase friction multiplier model can be independently selected 

for laminar and turbulent friction and for each of the axial and trans­

verse directions. Selection of a model is done by specifying the 
correlation flags ITPMLX, ITPMLY, and ITPMLZ for laminar friction? 
and ITPMTX, ITPMTY, and ITPMTZ for turbulent friction in the x-~ y-
and z-directions,. respectively. However, as wi 11 be discussed in Section 

1 .4, by specifying the two-phaie model flag, ITPMOD, between 0 and 12, 

the two-phase multiplier correlation flags are automatically specified. 

If ITPMOD equals 13 then the user must specify the flags in the i·nput 
data. 

In the following description of two-phase multiplier options, 

the flag identifiers ITPMLi and ITPMTi will indicate that the option can 

be used for both laminar and turbulent flow. in all three component 

directions except where specified. 

ITPMLi and ITPMTi = 1: 

Sel~cts the Armand correlation[C-l] for which the two-phase friction 

multilplier is based on the void fraction and is given as: 
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fora<O.f. 

2 
<l>w = 

for 0.1 <a < 0.39 

for 0.39 < a < 1.0 

2 
<l>w = 

1 . 7 3 ( 1 - Xe) 
2 

( 1 _ a) 1 . 64 

( 1 - Xe) 2 

( l _ a) 1 . 42 

(C-72) 

(C-73) 

(C-74) 

The void fraction velocity slip ratio model corresponding to this two­

phase friction multiplier correlation is that specified by IALFA = 4. 
If the user specifies the two-phase model flag ITPMOD equal to 8, ITPMLi, 
ITPMTi and IALFA are automatically set to the values l, and 4, respectively. 

If the user specifies ITPMOD equal to 13, any of the nonhomogeneous void 

fractiort velocity slip ratio models can be specified~ However, the 

recommended alternatives to IALFA equal to 4.are, IALFA equals 2, 3, 6, 

7, 8, 9, 11, 12, 13, or 14. 

ITPMLi and ITPMTi = 2: 

Selects a simple Martinelli, Nelson, and Lockhart correlation with a 
Chisholm low pressure model[C-1 2]where the two-phase friction multiplier 

is defined by: 

2 . ( 1 ) 1 . 7S { (xtt + r375 
<I> to = - Xe 

xtt 

(: ~ ::) [tt\:j0.875 (l r.500 ]}'C-75) + + 20.0 + _1_ 
xtt 2 

xtt 
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where 

(C-76) 

xtt is the Martinelli-Lockhart parameter, p is the pressure, PC is the 

critical pressure and Pa is the atmospheri~ pressure. 

The void fr~ction velocity slip ratio model corresponding to this 
two~phase friction multiplier correlation is that specified by IAFLA ~. 

If the user specifies the two-phase model flag ITPMOD equal to 9, 

ITPMLi, ITPMTi, and IALFA are automatically set to the values 2, and 5, 

respectively. If the user specifies ITPMOD equal to 13, any of the 

nonhomogeneous void fraction velocity slip ratio models can be specified. 
However, the recommended alternatives to IALFA equal to 5 are, IALFA 
equals 2, 3, 6, 7, 8, '9, 11, 12, 13, or 14. 

ITPMLX, ITPMTX = 3: 

Selects Beattie's system of correlations[C-l 3] for which the two­

phase friction multiplier is based on the flow regime. In SCORE-EVET 
the flow regime is selected using ~ modified Bennet flow map[C-30] 

for vertical flow. The term IFR 1s used to flag the fl6w regim~ 1n the 
following manner: 

if IFR = 1 the flow regime is single phase liquid 
= 2 the flow reqime is bubble flow 
::: 3 the flow regime is slug flow 
= 4 the flow regime is froth flow 
= 5 the flow regime is annular flow 
= 6 the flow regime is single phase vap'or 
= 7 the flow regime is dispersed flow 
= 8 the flow regime is reverse annular flow 
= 9 the flow regime is stagnation (vertical) 
= 10 the flow regime is separated flow (horizontal) 
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= 11 the flow regime is counter-current flow (liquid on 

wall) 

= 12 the flow regime is counter-current flow (vapor on 

wa 11) 

13 the flow regime is stagnation ( hori zonta 1 ) . 

The two-phase friction multiplier is: 

for IFR = 1 or 6 (single-phase liquid or·vapor, respectively): 

for IFR = 2 or 9: 

for IFR = 3: 

for IFR 4 or 5: 

for IFR = 7: 

( ) 

0.8 

•• ~ 0 :: 

for IFR = 8: 

2 
<P Q,Q = 1.0 

+ X e 

+ X e 

+ X e 

•• ~ 0 [1+ x. (~ _ l)r·B ~ + X e 

( C-77) 

( 

_. )] 0. 2 
3.5 :! -1 (C-79) 

(C-80) 

(C-81) 

(C-82) 

The void fraction velocity slip ratio model recommended for this 

two-phase friction multiplier- cor'r'elaLiull i~ LlictL ~!Jecified by IALFA 
= 7. 
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l_f the user SP.ecifi·es. the two~ phase r:nodel. fla.g ITPMOD eq.ua 1 to 1 0,. 

ITPML i , ITPM.Ti, and IALFA a,re automa ti ca lly set to the Vq 1 ues 3 and 7, 

respectively. 

If the user specifies ITPMOq equal to· 13, any of the nonhomogeneous 

void fraction velocity slip ratio models can be specified. However, the 
recommended alternatives to IALFA equal to 7 are IALFA equals 2, 3, 6, 

8, 9, 11, 12, 13, or 14. 

ITPMLi and ITMPTi = 4: 

Selects the Baroczy correlation[C~l 4 ] for which the t~o~phase 
friction multiplier <Pt; is interpolated from Baroczy's tables of two~ 
phase multiplier versus pressure and mass flux. 

The void fraction velocity slip ratio model corresponding to this 

two~phase friction multiplier correlation is that specified by IALFA 
equals 10. 

If the uset specifies the two-phase model flag ITPMOD equal to 

11, ITPMLi, ITPMTi, and IALFA are automatically set to th.e values 4 

.a ned 10. r.esp~t;t i v.e 1 y, 

If the user specifies 

void. fractioD v:elodty slip 
recommended alternatives to 
9, 11, 12, B, 9nd .14. 

ITPMLi and lTPMTi = S: 

ITPMOD equa 1 to 13 any of the .nonhom.a~en.e.o,ys 

ratio m.odels .can be spe.cified. H.o.w,ever, ;t.~e 

IALFA e.guals 10 a . .re IALFA = 2, 3, 6, 7, $, 
< ' • 

When using this option, the two:-phase friction factor f~ is ca,l­

culated directly using either .a homogeneous or nonhof!Joger:~.eous definiti,on 
for the mixture viscosity. 

For -homogeneous flow, the user sh9uld select the f.ollowing v.oid 
fraction, mixture viscosity, and friction factor options. 
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IALFA = 1 

IREX, IREY and IREZ = 2 or 3 

IFXLAM = 1 
IFYLAM and IFZLAM = 1 or 2 

IFXTUB = 1 through 4 

IFYTUB and IFZTUB ·= 1, 2, or 3. 

For nonhomogeneous flow, the user should select the following void 

fraction, mixture viscosity, and friction factor options. 

IALFA = 2 through 14 
IREX, IREY and IREZ = 4 or 5 

IFXLAM = 1 
IFYLAM and IFZLAM = 1 or 2 
IFXTUB = 1 through 4 
IFYTUB and IFZTUB = 1, 2, or 3. 

ITPMLi and ITPMTi = 6: 

Selects a constant two-phase friction multiplier for which the 

constants are input by the user as 

2 ATPMTi <Pw = (C-83) 

fur turbulent flow, or 

2 ATPMLi <P£0 = (C-84) 
for laminar flow. 

The constants ATPMTi and ATPMLi (where i represents the component 
directions x, y, or z) are read in by additional card fnput (see Appendix A). 

ITPMLY, ITPMTY, ITPMLZ, and ITPMTZ = 7: 

(This option is not available for ITPMLX and ITPMTX.) 
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Selects the Grant-Murray correlation[C-lS] ·for whi.ch the tr·an~-
verse two-phase friction multiplier is given as 

( 1
-b p · Tl 

<j>2=1+ ~ 
£0 JJ~. 

+ 0.15 (C-85) 

for turbulent flow, and 

(C..,86) 

for laminar flow, where 

bTl = FREXPX for I FYTUB = 

bTl ~ FREXPZ for IFZTUB = 1. 

IFYTUB and IFZTUB must be specified as one. 

1 .4 Two-phase Model Option 

The user does not have to select each individual friction factor, 

vi~cosity, or two-phase multipli~r option. Fourteen two-phase model 

opti.ons ca.n be selected by t.he input parameters ITPMOD. The fir:st 

13 mod_el.s require only minimum input by the user. The last model option 

requires that the user specify all input quantities described in the 

preceding sections. The model options selected by lTPMOD and the 
correlation options are described in Table C-1. Table C-fl defines the 

specific options selected by each of the models. Model options 0 
and 1 select a homogeneous fluid model with preselected laminar and 
turbu~.cnt friction factors. The user need only specify the heat transfer 

o~tions. Model options 2 and 3 are identical to Model options 0 and 1 

respectively, except that the user can specify the friction factor form. 

Models 4 and 5 allow the user to specify a void fraction correlation by 

which two-phase friction multipliers are to be calculated. Models 6 

and 7 are identical to Models 4 and 5, respectively, except that the 

user is allowed to specify the friction factor relationships. Models 8 

through 12 use preselected consistent sets of void fraction, slip, 

and two~phase friction multipliers. Model 13 allows the user to specify 

154 



all correlations needed to calculate friction· factors, two phase multipliers 

and heat transfer. The user is cautioned that only Models 0 and 1 have 

been thoroughly checked out. 

1.5 Form Loss Coefficients 

As shown in Section 1 .2, a friction factor of the form 

(C-87) 

can be selected, where f1 is a function of Reynolds number and f 2 is a 

constant. The constant f2 can be treated as a form loss coefficient and 

can be used as such by user specification of the constants C2TFX, 

C2TFY, and C2TFZ. Additional input (Xloss(I) on Card 13) is available 

if the user wishes to specify an axial form loss coefficient independent 

of the friction factor. For the pressure drop desired, the user should 

calculate the loss factor by: 

XLOSS(I) = 2~p 
P u2· 

where ~p is the pressure drop which the user desires to simulate. 

(C-88) 

The I index indicates that XLOSS is the loss coefficient at the 
interface of the I and I+l cells, across the entire y-z plane. For 
instance, XLOSS(l) and XLOSS(IBR+l) represent inlet and outlet loss 
factors. If no losses are expected other than those of the bare rods, 

the form loss coefficients should be input as zero. 
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2. TURBULENT ENERGY AND MQMENTU_~· EXCHANGE 

In the derivation of the volume~av~raged equations[C-3lJ, energy 

and momentum transport was identifi~d w~th nonuniform fluctuating com­
ponents of velocity (v 1

) and internal energy (I 1 
). The energy transport 

was described by 

()' 
E.---

1 Gy. 
1 

v ~ I I ) 

1 
(C-89) 

where 1 indicates the fluctuating component of the quantity. This 

energy transport was treated as that due to turbulence in Reference C-32 

and was described by a turbulent transport coefficient in the following 

manner: 

EpV1~ I I = EP k lL T ay. 
1 

where kT is the turbulent thermal transport coefficient. 

(C-90) 

The contribution to momentum tran~port due to spatially nonun1form 

velocity fluctuations was identified as 

(C-91) 

T~is term, which is analogous to Reynolds stress terms when time aver­
aging,is employed, was assumed to have the form of a-n additi-onal stress 

which acts as an effective increase in the viscosity of the fl,uid. Ther;e­

fore, the average of the product of the fluctuatiny terms vi and vk 

+ llT (C-92) 

where 11T is the turbulent viscosity. 
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[C-32] In SCORE-EVET, ~T is described by Moyer's model which relates 

turbulent viscosity to Reynolds number and friction factor in the 

following manner: 

~T = 

ii 
(C-93) 

where ii is the fluid average viscosity. Using Reynolds analogy, the 

ratio of turbulent viscosity to turbulent thermal transport coefficient 
is assumed proportional to Prandtl number. The turbulent thermal trans­

port coefficient is therefore described qy 

kT. = 0.05 Reff 
k/pCP 

(C-94) 

where k is the molecular thermal conductivity of the.fluid. In the 

present version of the code, the turbulent viscosity and thermal trans­

port coefficients are assumed to be isotropic, that is, equal in magni­
tude in all three principal directions. The friction factor used is 

that for the axial direction. 

3. FLUID-SOLID INTERFACIAL ENERGY EXCHANGE 

As shown in Section Ill, the fluid-solid interfacial energy exchange 

is described by the quantity Qw in the energy equation [Equation (3)]~ 

In turn, Q is defined by the relationship of Equation (4):. 
w 

-
Qw = AWQ * h (T

5 
- Tb) 

where AWQ is the ratio of heated surface area to total cell volume, h is 

the heat transf:r .coefficient, Ts is the surface temperature for the 

fuel rods, and Tb is the average fluid temperature. In SCORE-EVET, h is 
described by a linked· set of correlations similar to those in RELAP4[C- 33J. 
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The heat transfer correlations are linked together by defining heat 

transfer regimes as illustrated in Figure C-1. ·Each of the heat trans­
fer regimes is designated by a heat transfer mode number. For example, 

heat transfer Mode 1 corresponds to the subcooled forced convection heat 

transfer regime of lineA-Bin Figure C-1. 

Figure C-1 shows Regime A-B (labeled as subcooled forced convec­

tion, Mode 1) to be characterized by a coolant bulk temperature low 

enough so that boiling does not occur. If the surface temperature is 
less than saturation temperature, boiling is not possible and the 

Dittus-Boelter subcooled forced convection correlation[C- 34 ] is used. 

Point Bin Figure C-1 shows the beginning of the nucleate boiling 

regime. In some cases the coolant may still be subcooled, but the 

surface temperature may be high enough f.or some boiling to occur. When 

the surface temperature is greater than the saturation temperature, the 

regime on either side of point B is possible. For this condition, both 
the Dittus-Boelter correlation and the Thorn correlation[C-35] are eval­

uated and the. surface temperatures are calculated. The lower of the two 

surface temperatures is selected_with the corresponding heat trans.f.er 
mode number assigned. 

Regime B-C in Figure C-1 is defined by two modes: nucleate boiling 
(Mode 2) and forced convection vaporization (Mode 3). If the void . . 
fraction, a, is less than 0.80, the Thorn nucleate boiling correlation is 

used. For a void fraction above 0.90, the Schrock-Grassman forced 
con~ection vaporization correlation[C- 36] is used. For void fractions 

between 0.80 and 0.90, an interpolation is performed, based on void 

fraction, between the correlation limits to provide a smooth transition 

from nucleate boiling (Mode 2) to forced convection vaporization (Mode 3). 

The Schrock-Grassman correlation is applied until the quality (xe) 

reaches 0.950. At a quality above 0.999, the Dittus-Boelter correlation 

for single-phase forced convection to superheated steam· (Mode 8) ·is 

used. For quality between 0.950 and 0.999, an interpolation is performed, 

based on quality, to smooth the transition from forced convection vaporization 

(M_ode 3) to forced convection to superheated steam. (Mode 8). 
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The critical heat flux (CHF, shown as point C in Figure C-1) is 

evaluated at the fuel rod surface in each calculational cell for each 

time step. If the heat flux exceeds the calculated CHF, the correlations 
for the transition regime [Regime C-D of Figure C-1, (Mode 4)] and the 

stable film boiling regime [Regime D-E of Figure C-1, {Modes 5, 6, 7 

or 9)] are evaluated. 

The linked set of post-CHF correlations to be used is selected by 

specifying the parameter IFILMH in the input. The optional choices 

available are IFILMH equals 1, 2, 3, or 4. However, if IFILMH is input 
as blank or zero it will default to IFILMH equals 3. The post-CHF 

correlations are discussed in the following. 

If IFILMH equals 1 or 2, the Groeneveld[C-l 7] 5.9·or 5.7 correla­

tion, respectively, is selected for Mode 5~ The McDonough, Milich, 
and King correlation[C-l 6] (Mode 4) and the selected Groeneveld correlation 

(Mode 5) are evaluated. If the pressure is less than 500 psia, the 
Dougall-Rohsenow correlation[C-lS] (Mode 9) is also evaluated. The 

minimum heat flux calculated by the Groeneve-ld and Uougall-Rohsenow 

correlations is then chosen as the film boiling heat flux and compared 

to that calculated by the McDonough, Milich, and King correlation. The 

maximlJm of these two heat fluxes is selected and the selection giving 
the maximum heat flux determines the heat transfer mode. If_the pressure 

is greater th~n 500 psia,. the Dougall-Rohsenow cotrelation is not evaluated 

and the heat flux and heat transfer modes are determined by comparing 

the results of the selected Groeneveld correlation and the McDonough, 

Milich, and King correlation. These results determine the post-CHF heat 

flux and heat transfer mode if the mass flux is greater than or equal to 

200,000 lb~/ft2 -hr (high flow condition). If the mass flux 1s less than 

200,000 lbm/ft2-hr (low flow condition) then either the modified Bromley 
correlation[C-J3] (Mode 6) or the free-convection p·lus-radiation 

correlation[C- 33] (Mode 7) are eval~ated. If the void fraction is less 

than 0.6, then the modified Bromley correlation is used. If the void 

fraction is greater than or equal to 0.6, the free-convection-plus­

radiation correlation is used. The resulting heat flux is then compared 

to that chosen from the results of the Groeneveld, the McDonough, and King, 
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and the Oougall-Rohsenow correlations and the maximum chosen as the 

post-CHF heat flux and heat transfer mode. 

If IFILMH equals 3, the-McDonough, ·Milich, and King and the fJougall­

Rohsenow correlations are evaluated, and the maximum heat flux and heat 

transfer mode are selected. If the high flow condition exists, these 

results are the post-CHF heat flux and heat transfer mode. If the low 

flow conditions exist, the selected heat flux is compared, as previously 

described, to the heat flux calculated by either the modified Bromley or 
the free convection and radiation correlations, and the maximum is 

chosen. 

The Groeneveld and Dougall-Rohsenow correlations are not valid 
below a quality of 0. 100. Both correlations underpredict experimental 
data at low qualities. The data in this range indicate a tendency to 

rewet the surface with resulting heat transfer coefficients which are -
much higher than film boiling. Therefore, for calculated qualities of· 

less than 0.100 the Groeneveld and the Dougall-Rohsenow correlations ar.e 
evaluated with quality fixed at a value of 0. 100. 

If IF1LMH equals 4, the Condie-Bengsten correlation is evaluated 

and the heat transfer mode is set to 5. If the high flow conditions 

·exist, these results are the post-CHF heat flux and heat transfer mode. 

If the low flow conditions exist, the selected heat flux is compared, as 

previously described, to the heat flux calculated by either the modified 

Bromley or the free convection and radiation correlations. 

The pre-CHF, post-CHF,·and CHF heat transfer correlations are 
presented next. 

3.1 Pre-CHF Heat Transfer Correlations 

The heat transfer correlations describing the pre-CHF regimes and 

the experimental conditions for which the correlations were developed 

are presented in the following. 
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Mode 1 - Forced Convection in Subcooled Liquid 

Dittus and Boelter[C-34] 

h = 0.023 (~~;) (- ) G D 0.8 
~' hy , evaluated at (C-95) 

The data base is for turbulent flow of water in circular tubes and the 

fo1lowing parametric ranges: 

L/D > 60 

0 . .7 < Pr < 100 
Rc > 104. 

Mode 2- Nucleate Boiling 

Thom[C- 35 ] 

II 

(

6T eP/1260) 
2 

sat q = 0.072 

(C-96) 

The data base is for vertical upflow of water and the following para­
metric ranges: 

Round tube! 0.5-1n. d1arrleter; 60-in. lenyLtl 

Annulus: 0.7-in. 10, 0.9-in. 00, 12-in .. length 

Pressure: 750 to 2000 psia 

Mass Flux: 0.77 x 106 to 2.80 x 106 lbm/hr-ft2 

Heat flux: 6 2 t'o 0.5 x 10 Btu/ft -hr. 
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Mode 3 - Forced Convection Vaporization 

Schrock and Grossman[C- 36]. 

h = (2.50) (0.023) (o:~ ) (Pr,)
0

·
4 

[
GD. (l-x)~ 0 · 8 

x h~ e (-1-)0. 75 
~~ xtt · 

evaluated at Tb' where 

1 

xtt = ~rg (~;t 5 (~t 1 

( C-97) 

The data base is for water in round tubes and the following parametric 
_ranges: 

Diameter: 0.1162 to 0.4317 in. 

Length: 15 to 40 in. 

Pressure: 42 to 505 psia 

Mass fluxes: 0.175 x 106 to 3.28 x 106 lbm/ft2-hr 

Heat flux: 0.06 x 106 to 1.45 x 106 Btu/ft2-hr 

Exit quality: 0.05 to 0.57. 

3.2 Post-CHF Heat Transfer Correlations 

. The heat transfer correlations describing the post-CHF regimes 

and the experimental conditions are as follows. 

Transition Boiling 

If IFILMH equals 1, 2, or 3, the McDonough, Milich, and Kinq[C-l 6] 

correlation (Mode 4) is evaluated, which is: 

163 



II II 

q = qCHF - h(Tw - Tw,CHF) . (C-98) 

where h is dependent on pressure as follows: 

p h 
2 00 0 --=-=g 7:-::9:--. -=-2 
1200 1180.8 
800 1501.2 

The data base is for vertical upflow of water in round tubes and the 

following parametric ranges: 

Diameter: 0. 152 in. 

Length: 12.5 iri. 

Mass flux: 0.2 x 106 to 1.4 x 106 lbm/f~2 -hr 

Wall temperature: 

Pressl,lre: 800, 1200, and 2000 psia. 

Transition and Stable Film Boiling 

If IFILMH equals 4, the Condie-Bengsten correlation is 

evaluated for either the transition or the stable film boiling regimes, 
~nd the mode is set equal to 5. The correlation is 

h = 42011.23 Exp [-0.5 (Tw-Tsat)] 

1(0.2007 
+ 659.91 

- 16.04 Exp (Pr 
w 

u 3.6155 u [0.0483+0.7441Log (x +1 )] 
r r 1\e e e 

w 

00.2771 ( +1)10.8450 
hy Xe 

P/1000) 
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where 

Prw = 

Re = 
~ 

Prandtl number for vapor at the fuel rod surface temper­

ature and coolant pressure 

Reynolds number for the vapor at the mixture temperature 

and pressure. 

The parametric ranges are as follows: 

Quality: 

Pressure: 

Mass Flux: 

t~T: 

T : w 

RMS Error = 36% 

0.01 to 1.00 

200 to 3115 psia 

0.05 x 106 to 4.0 x 106 lbm/hr-ft2 

Stable Film Boiling 

If IFILMH equals 1 or 2, the Groencvcld[C-l?J correlation (Mode 5) 

is evaluated. The Groeneveld equation is 

(C-100) 

where 

0.4 
y = 1. 0 - 0.1 or 0. 1, whichever is greater 
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and where 

Prw = Prandtl number for vapor at the fuel rod surface temper­

ature and coolant pressure 

Reynolds number for the· vapor at the coolant temperature 

a.nd pressure. 

If IFI_LMH is equal to 0, the Groenev.eld 5.9 vP.rsion of Equation 

(C·lOO) is selected, for which 

a = 3 .. 270 x 10-3 

b = 0 ·~901: 

c = 1.320 

d = -1.500. 

If IFILMH is equal to 1, the Groeneveld 5.7 version of Equation 

(C-100) is selected, for which 

-2 a = 5.200 x 10 

b = 0.688 

c = l. 260 

d = 1.060. 

Both k and are evaluated a.t Tb' and Pr is evaluated at· Tw. g ]Jg 

The data base is for vertical and horizontal flow of water in round tubes 
and annuli and.the following parametric ranges: 
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where 

if 

and 

Diameter: 0.06 to 1.00 in. 

Pr~ssure: 500 to 3100 psia 

Mass flux: 0.2 x io6 to 3.0 x 106 lbm/hr-ft2 

Quality: 10 to 90% 

Heat flux: 35,000 to 700,000 Btu/ft2-hr 

Laminar Pool Film Boiling 

The modified BromleyfC- 33 ] correlation (Mode 6) is evaluated if 

The correlation is 

h = 0.62 (C-101) 

·' ·: .· 

L = 2n gca 
g ( i5 Q.- i5 g) 

g =acceleration of gra.vity (32.174 ft/sec 2), . . ~ . 

. 2 
gc =gravitational consta·nt (32.174 lbm-ft/lbf-sec ). 

F C t . til . d' . [C-33] . ree onvec 10n r us Ra 1at1on 

The free convection and radiation correlation (Mode 7) is evaluated 

JGxl ~ 0.2 x 106 lbm/hr-ft2 

CL ~ 0.6 
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The correlation ~s 

h = he + hr (C-102) 

where '(C-103) 

; 

and where F indicates the properties are evaluated at the film temperature 

TF = l (T + T ) 2 w sat 

-.. ,. h.. _: ;.: I r ._~:.. . ..... 

and where 

L3ga liT_·2 
~-'g Pg 

G r = ------""----=--"'-'---

- 2 
~g 

L = ~ 
2 

h = 0.23 r 

: ''. ' 

(C-104) 
.. , ·. 

(C-105) 
_·:;; 

where T , T ·t a-re in· 0 R, S is: the Stephan-B,o.l tzman consta·n·t., and s
9 w. sa . 

is the coefficient of thermal expansion for the· vapor·. 

The 

·· ··(C-ld6) 

evaluated at Tb. 
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The data base is for turbulent flow of steam in circular tubes[C- 38], 

and the following parametric ranges: 

Length: 36 in. 

Diameter: 0.5 in. 

L/D: > 26 

Pressure: 25 to. 75 p~ia 

Inlet temperature: ·. ' 

Wall temperature: :to 1800°F 

Heat flux: 2400 to 31,000 Btu/ft2-hr 

Low Pressure Flow Film Boiling 
. ·~· .. ,. ' 

The Dougal·l and Rohsenow[C-l 8]correlation (Mode 9) is evaluated 

when IFILMH = 1, 2, or 3 and is given by 

h = 0.023 ·(~) (Pr ) 0·
4 

Dhy g 
rG~:hy)(:. + :~ (l - x.)rs 

( C- 1 07) 

The data base is for vertical upflow of freon-113 in round tubes and the 

following parametric ranges: 

Diameter.: 0.408 and 0.108 in. 

Length: 15 in. 

Pressure: 2 to 9 psig 

Mass flux: 3.32 x 105 to 8.18 x 105 lbm/ft2-hr 
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Heat flux: 14,400 to 41,800 Btu/ft2-hr · 

Quality: up to 50% 

The equation is approximated in the coding by 

h = 0.023 (~) 
0.8 

{C-108) 

3.3. Critical Heat Flux torrelation~ . 

Fourteen options are available:· for. sele.cting ,CHF !:<?rrel_~tiQilS· The 

op.tions are selected by specifying the correlation flag J:CHF in the 

input data. If JCHF is blank or zero, a. vall!e of JCHF equal.to o. 
is automatically specified. 

The i n,l et entha 1 phy is used in some of the CHF c.or.rel Q.t i.ons a-nd it 

is. depend.ent on the flow d.i.rection. 

mi-ne<;! in t:he following manner: 
• L 

" 

The. in let e.nt,h.a 1 py, H.. .,. is d'eter-' l.n ... , . 

flow at Major Inlet Flow at Major Outl~t H. 
1n 

_,) ~.. r ,: ... 
. ~0 ;· H at norma 1 i·n let 

. ·, ... 
l' . 

~- : <0 <0 H at normal outlet 
', ·: ~~· : . . ;; -;.: . '. ' 

All other cases H of. core~ vo 1 ume. 

For the correlations, if the term 'H-· _;_·.H.· -is- -negativ·e,· i't is' set 
f HI 

to 0. 

A su~mary of the CHF correlations and the JCHF options are as follows. 

·. 
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JCHF = 0: 

Selects a linked set of three CHF correlations which cover the full 
range of pressure[C- 33] encountered during· a PWR LOCA. The correlations 

are linked based on the coolant pressure.· If the coolant pressure is 

within the range of validity for a correlation, then that correlation is 

used to calculate CHF. If the coolant pressure is between the ranges of 

validity for two of the correlations an interpolation based on pressure 

is performed to calculate CHF. The three CHF correlations are the 
B&W-2[C-l 9J, the Barnett[C- 20J, and.the Modified Barnett[C-2l] as 

described for JCHF equal to 2, 7, and 10, respectively. The correlation 
selection is based on the following pressure ranges: 

P ~ 1500 psia 

1500 > P > 1300 psia 

1300 ~ P > 1000 psia 

1000 > P > 725 psia 

725 ~ p 

B&W-2 

Interpolation between B&W-2 
and Barnett 

· Barnett 

Interpolation between Barnett 

and Modified Barnett 

Modified Barnett· 

For a pressure between 725 and 1000 lb/in. 2 or between 1300 and 1500 lb/in. 2, 

the two relevant correlations are evaluated at that pressure and the 

corresponding enthalpy, Hf. The two flux values are then weighted to 

give 

II 

qCHF .= 

(P - P) up qCHF + (P 
down . (C-109) p - p 

up down 

where P = pressure, and down and up represent the low and high ends of 

the interpolation range·, respectively. A minimum CHF of 90,000 Btu/ft2-

hr is set if the predicted value falls below th1s number. 
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If the axial mass flux, ~ , is less than 200,000 lbm/ft2-hr, CHF is· 
~ X 

interpolated, based on Gx, between the mi.nimum CHF and the calculated 

CHF, and the greater value of the minimum CHF or the interpolated CHF is 
chosen. 

II 

{JCHF 

7 

JCHF = 1: 

Selects the W3 correlation[C-22 ] given by 

= F {(2.02i- 0.4302 x l03P) + (0.1722 - 0.0984 x 1Q·- 3P) cw 

Exp [ XcHF(18.177 - 4.129 x 10- 3p~ [1.157 ·_ 0.869 xCHF] [~.1484 

+ o. 1729xCHF I xcHF I - 1. 596xcHF) ~~6 + 1. 037] ~· 2664 

+ 0.8357 Exp(-3.151 Dhe~ [0.8258 + 7. 940. x 10-\Hf - Hin)]} 

where the cold wall factor, F. is: . . cw 

F cw = (1 - ~~~) [3. 76 1.372 Exp (1.78 xCHF) 

4:732 

8.509 o0· 
107

] hy 

l72 

(
_P ) 0.14 
1000 

(C-110) 

(C.-11 'I) 



where 

P = pressure (lbf/in. 2) 

G = axial mass flux (lbm/hr-ft2) 
X 

Dhe =heated equivalent diameter (4AF/heated perimeter) (in.) 

H. = inl~t enthalpy (Btu/lbm) 
HI 

Hf = saturated liquid enthalpy (Btu/lbm) 

Dhy =hydraulic diameter (4AF/wetted.perimeter) (in.) 

The correlation is reported to be valid over the following ran~es: 

1000 ~ p ~ 2300 psia 

0.2 ~ Dhy ~ 0.7 in. 

~0.25 ~ XcHF ~ 0.15 

10: o < L < 144. o ·in . .... ~ .. 

JCHF = 2: 

Selects t~e B&W-2 CHF correlation[C-l 9] given by 

_ . {a. 8304 + o. 68479 (P-2ooo) } 
1081 G 1) 1000 

- ) X - {0. 7486 + 0.20729 (P-2000)} 
IG ·I 

x (C-112) 

II 

qCHF ( )[(. lQ6 = 1.15509 - 0. 407030hy 0. 3702 X 

- o. 152081 Gx I xcHF Hfg] ( o. 30545 x 10-5 
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where Dhy = hydraulic diamete~ (4AF/wetted perimeter) (i'n. ) 

-
(lbm/hr-ft

2
) G = mass flux 

X 

p = pressure 2 ( 1 bm/ in. ) 

The correlation does not include a cold· wall· factor a·nd is reported to 

be valid ov~r t.he following ranqe .. of conditions: 

Equivalent diameter: 0.2 to 0.5 in. 

Length: 72 in. 

Pressure: 2,000 to 2,400 psia 

Mass flux: 

Burnout qua 1 i ty: -0.03 to 0.20. 

JCHF - .~: 

Se.lects 

given by 

II 14.3 
qCHF 

the Babcock & W_ilcox high flow regime B2-.CHF. correla:tion[C-
23

] 

· . ~ .o~+0.417(P;~ggo)J · G 
{IGzl/0.867 x 106) . + 0· 133 ·1 1 ~·61 (llf- Hin)'_ 

= 
lOG 

( C- 113) 
-

flux ·(lbm/~r-ft2·) where G 
X = mass 

p . 2 
= pressure (lbf/in.) 

Hf = saturated 1 i qu fd entha 1 phy (Btu/lbm) 
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H. = inlet enthalpy (Btu/lbm) 1n 

L = test section length (in.) 

0he = heated equivalent diameter (4AF/heated 
perimeter) (in. ) 

The correlation is reported to be valid over the same region as the 
B&W-2 correlation. 

JCHF = 4: 

Selects the Babcock & Wilcox middle 
tion[C-23] given by 

flow regime B2M CHF correla-

II 

where 

G -o.2261 
0.82841--~··1 

1 o6 [u3S3 _ Exp ( 1. 17~6ii~005. 3 )] 
1 + f. 6028 _- Exp [1 . 084P-7252. 0)] 4L _ 

\ 1 ooo ( G ) 
I~IDh~Hfg 

. 10 

+ 2.6028 - Exp (
1 ~ 084P--2572. 0) Hf - Hi n 

1000 Hf 

-1 +-f2-. 6-0~28---E---.(-l ~-oo4P- 72 52 . 0 ) ]- 4 L r xp 1000 . ~---~----

(IGx I 0 H ) 

106 he fg -

G =mass flux (lbm/hr-ft2) 
X 

p = pressure (lbf/in. 2) 

Hf = saturated liquid enthalpy (Btu/lbm) 

H. = inlet enthalpy (Btu/lbm) 1 n 
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H·f·g = heat of vaporization (Btu/lbm) 

L = length of the test section (in.) 

o· . = heated: equi•valent diameter (:4AF/heated 
he 

perimeter) (in.). 

, The correla·tion is reported to. be vali.d over the following ranges: 

P ( ps.i a) 

2400 

2200 

2000 

1500 

0.404 ~ G/106 ~ 0.845 

. 6 
0.293 ~ G/10 ~ 1.096 

. 6 
0.513 ~ G/10 ~ 1.014 

6 . 
0.473 ~ G/10 ~ 2.023 

~Hin = Hf - Hin (Btu/lbm) 
' ... ~ . . 

36.8 < ~H. < 305.2 
= 1n = 

24.5~< ~H. < 317.1 == 1n = 

45.1 <~H. < 285.5 
= 1n = 

15.4 < ~H. < 284~0. =. 1-n = 

JCHF = 5·: 

Selec;ts· the Babcock & Wi·lcox high flow reg1me B6C CHF coneld-· 

ti on[C::- 23 lg·i ven· by· 

II 

wher·e 

[ 
P-.2000 

- . 0. 33 1 000 . 
G . } G 
1--x I l3.85· 
1 o6 

G 
7 ~ 246 1~61 

10 

-
G.· = mass 

X 

+ 0. 1 086·· j· X 6 J · (.Hf -
1 o. . . 

O:R212 + 0.36 lOOO . [
.. . p:..2ooo} 

. . · · + 0. 1 08&(6L ) 
· he· 

- '·• 

flux (lbm/ft2-hr} 

p = pressure (lbf/in.~) 

H· = saturated. liquid enthalpy, (Btu/lbm) f 

1:76. 

H. ) 
1n 

(G- ll5) 



H. 
1 n = inlet enthalpy ( Btu/1 bm) 

L = test section length (in.) 

Dhe = heated equivalent diameter ( 4AF/ heated 

perimeter) (in. ) . 

The correlation is reported to be valid over the same ranges as 

those for the B&W-2 correlation. 

JCHF = 6, 7, 8: 

Select the Barnett CHF correlation[C-20] for all rods in the cell 

at equal power. This correlation is given by 

II 

+ 

where 

-i; o. 192 [ 
6.7. 45 D0h · 8

68 1~6 1 1-0.744 Exp 
e r 10 . . ( -6· 5120

hyBr I ~~61) hf ~~~1000) 
-
G 0.212 

185.0 Dl. 415 1-x-1 + L hyBr 106 

-
G 

0. 2587 D 1. 261 1-x-1 
heBr 106 

-

0.817 

G 0.212 
185.0 Dl .415 1--x--1 + L 

hyBr 106 

DheBr = (D2 - D~)/Dr 0 

DhyBr = D - D 0 r 

Do = Dr(Dr + Dhe) 

Dr = rod diameter (in.) 
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Dh~ = heated equivalent diameter (4AF/heated 

perimeter) (in. ) 

Gx = mass flux (lbm/hr-ft2) 

Hfg = heat of vaporization (Btu/lbm) 

Hf = saturated liquid enthalpy (Btu/lbm) 
' ' 

Hin = inlet enthalpy . 

L = test section length. 

The correlation is reported to be val~d over the folloWing ranges: 

Equivalent diameters: 0.258 in. < 0he < 3.792 in. 

0.127 in. < Dhy < 0.875 in. 

Length: 24 to 180 in. 

Pressure: 1000 ps1 

Mass flux: ·6 p.l4 X 10 to 6.20 x 2 lbm/ft -hr 

In1et subcooling: u to 412 Btu/ll>ni. 

JCHF = 9: 

Selects the Macbeth[C-~4 ] bundle average CH~ correlation g1ven by 

- 0.57 -
00.83 G G 

II 67.6 he 12--1 .+ 0. 25 Dhe ,_X I 
(Hf - Hin) 

qCHF l o6 106 
= 

'1 06 -
47.3 0~~57 

G 0.27 ,_X_, 
+ L 

1 o6 
( C-117) 
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where 
II 2 
qCHF = Btu/hr-ft 

D = heated equivalent diameter (4AF I heated he 
perimeter) (in.~ 

~x =mass flux (lbm/hr-ft2) 

Hf = saturated liquid enthalpy (Stu/lbm) 

H. = inlet enthalpy (Btu/lbm) 
1 n 

L =test section length (in.). 

The correlation is reported to be valid over the following ranges: 

P = 1000 psia 

- 6 2 0.5 ~ G/10 ~ 4.0 lbm/hr-ft 

0.113 ~ Dhe ~ 0.902 in. 

0.079 ~ Dhy ~ 0.543 in. 

18.0 ~ L ~ 76.0 in . 

. ,JCHF=lO: 

Selects the Modified Barnett[C-2l] CHF correlation given b.Y 
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- 0.663 

11 :{73.21 00.0523 
qCHF heBr 

1 o6 

G 
1-x-1 
1 o6 +(1 - 0.315 Exp (-11.34DhyBr 

G · o. 587 
45 55 00.0817 1-x-1 + L 

· hyBr 106 

- 0. 691· G 
0. 104o1· 445 1-x I 

Hfg (P=lOO) heBr 1 o6 

+ 
Hfg - 0.506 G 

45 55 no.oal7 I__J':__I ,. · · hyBr 
1 o6 

( Hf - H. ) 
1n 

+ L 

where II 2 
qCHF "' Btu/ft -hr ,' ' 

o· = (D2 - D2)/D heBr 0 r r 

0hyBr = D - D 0 r 

Do = D .(D + Dh ) r r e 

nr = fuel rod diameter 

2 G rna!;!; flux (lbm/ft·-hr) 

Hrg = heat of vaporization (Btu/lbm) · 

Hf = saturated liquid enthalpy ( Btu/1 bm) 

H. 
10 

··- inlet enthalpy· (Btu/lurn) 

L = test section length (in. ) . 

The correlation 1s reported to be valid over the following .ranges: 

Rod diameter: ·o. 395 to 0. 543 in. 
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L~ngth: 32.9 to 174.8 in. 

Pressure: 150 to 725 psia 

Mass Flux: 0.03 x 106 to 1.7 x 106 lbm/ft2-hr 

Inlet subcooling: 6 to 373 Btu/lbm. 

JCHF = 1: 

Selects the Bowring[C-25] round tube CHF correlation given by 

II 

qCHF = 

( - 0he) Hfll 
G 

2.317 0.251~1 
. 10 -

G 
+3.092I~IF 

10 a 
0he 

-
G 417.6 0.25l __ x __ 10 F + L 
106 he 3 

-. G 
1 + 0.3471--x--1( 2-Pr) F

4 106 2 

where Pr = P/1000 

P = pressure (lbf/in2) 

and if Pr = 

Fl = 1 

F2 = 

F3 = 1 

-
G 

+ o. 251--\1 0he (Hf - H. ) 
10 1n 

(C-119) 
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·if Pr < 1 

if Pr > 1 

and where 

F = 1 4 

F1 - {Pr18 · 942 exp[20.89(1 Pr)] + 0.917}/(1.917) 
. . 

F2 = F1(1 + 0,309)/{Pr)· 316exp[2.444(1 - Pr)] + 0.309} 

F = {Pr17 · 023 exp[l6.658(1 - Pr)] + 0.667}/(1.667) 
3 

F4 -·F3 Pr1 .649 

F1 = Pr- 0· 368 exp[0.648(1 ~ Pr)] 

F2 = F1/{Pr- 0· 448 exp[0.245(1 - Pr)]} 

F = Pr0.219 
J 

II 2 
qCHF = Btu/hr-ft 

- ·. ? ·'' G =mass tlux (lbm/hr tt-) 

0 - hedLeu -equivalent diamete1· (4AL/heuted he .-
perimeter) (in.) 

· Hf = snturated liquid enthalpy (Btu/lbm) 

H. = inlet enthalpy (Btu/lbm) 1n 

L =test section length (in.). 
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The correlation is reported to be valid over the following ranges: 

JCHF = 13: 

34.0 ~ P ~ 2750 psia 

0~08 <. Dh < 1.76 in. - e-
6.0 < L < 144.0 in. 

0.1: G fl06 
< 13.7 lbm/hr-ft2 

= X = . 

Selects the GE transient[C-26] CHF correlation given by 
II 

qCHF _ -,Q6- o.84 xcHF (C-120) 

if IGxl ~ 678.115 kg/m2. 5 

or. 

if 

where 

II 

qCHF -,Q6 = 0.8 - XCHF 

- 2 I Gx I > 678. 115 kg/m · s . 

II 

qCHF = J/m2. ~ . 

G = mass flux (kg/m2~s) 
X · .. 

H = enthalpy (J/kg) 

Hf =saturated liquid enthalpy (J/kg) 

Hfq = heat of vaporization (J/kg). 
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SCORE-EVET uses th~ INEL environment~l subprdgrams for the calcula­

tion of steam and water prope~ties[C- 33 ] which ~re based oh the cell 

bulk pressure and internal energy. The p~ope_rties are calculated based 

on the following assumption. If the b,ulk pressur·e and internal energy 

are such that the bulk fiuid is subcooled or saturated liquid, then the 

bulk properties and liquid properties are equated to the subcooled or 

saturated liquid properties. If vapor is present, saturated vapor at 

the bulk pressure is assu·med. The thermodynamic equilibrium quality is 

assumed to be zero. 

if the bulk pressure and internal energy are such that the bulk.· 

fluid ·is saturated, then the bulk properties are equated to the mixed 

saturated 1 iquid and vapor properties where the thermodynam+c equil ib­

rium quality is 

(~-i2l) 

at the bulk pressure. The liquid and v·apor properti'es are. equated to. 

the saturated liquid and vapor ·p-ropertie·s, respectively. 

1 t the bulk pressure and i nterna ·1 energy are such that the bulk 

fluid is sbperheated or saturated vapor, then the bulk properties and 

vapor properties a·re equated to the sup·erheated or saturated ·vapor 

properties. If liquid is present. saturated iiquid at the "bulk pressure 

is assumec:L The t-hermodynamic equilibrium qlia'iity i,s ass.urrted. to be 1. 
_ .. 
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APPENDIX - D 

SUBROUTINE D~~CRIPTION 

A brief description of each of the SCORE-EVET program subroutines 
follows. The.subroutines are listeq.according to the routine name 
beginning with the main driver routine. 

VRM .. 

BETAKP 
BETAKT 
COMPU.· 

DATD 

DTIM 
FRICT. 

HEAD . 
HAMHFG 
HAMHF. 
HAMHG. 

HTCOEF .. 
LAMBDA 

MOVEN. 
MOXIN. 
MOXOUT 
MOXY . 
PCHF . 
POLATE 

POLCOF 

POL2 . 

Main driver routine, calls the computational and 
input-output routines. 
Calculates the saturated pressure given the temperature. 
Calculates the saturated temperature given the pressure. 
Calculates ~ater mixt~re, liquid, and vapor thermodynamic 
properties. 
Block data for the Baroczy two-phase friction multiplier 
correlation. 
Calculates the time step. 
Calculates the axial and transverse friction pressure 
gradients for a singl~ cell. 
Prints the page headings and number .. 
Calculates the Keenan and Keyes heat of vaporization. 
Calculates the Keenan and Keyes saturated liquid enthalpy. 
Calculates the Keenan and Keyes saturated vapor enthalpy. 

Links.and calls the heat transfer correlations. 
Dummy routine. Reserved for turbulent thermal coef­
ficient correlations. 
Moves arrays. 
Dummy routine. 
Dummy ruut·ine. 
Dummy routine. 
Lin·ks and calls 

Reserved for the SCORE-MOXY linkup. 
Resetved for.the SCORE-MOXY linkup. 
Reserved for the SCORE-MOXY linkup. 
the CHF correlati6ns. 

Performs one-dimensional interpolations. 

Calculates coefficients for the n-th derivative of 
polynomials. 

Performs two-dimensional interpolations. 
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PROFAC .... Dummy routine. Reserved for CH~ nonuniform heat 

QDOT . 
RODMOD 
SAL FA. 

SBWPAR ... 
SBWTRA 

SSCHF. 

SFR. 

SCON 

SSLIP. 

SSIG : 

SUBlD. 

SUMPOL 
STPMPX. 

flux factor correlations. 

Contains the heat transfer correlations. 
Calculates fuel rod heat cohduction. 
Contains the void-fraction correlations. 
Contains the axial· friction factor correlations~ 

Contains the .. transverse fricti~on factor csorrelations. 

Contains the CHF correlations~ 

Calculates the flow regime for. the Beattie two-phase 

friction multiplier correlation. 

Calculate~ the water liquid and vapo~ thermal 

conduct i v i·ti es. 
Contains the velocity·sliJ:> ratio correlations .. 

Calculates the. wa.ter surface te.n.ston. 

Identifies-and logs the subroutines cal.led·. 
Evaluates polynomials or thei~ nth derivative. 

Contains the axial two-phase friction m~ltiplier 

correlations. 
STPMTR .. ; .· Cohtains.the transverse two:-phase· friction multiplier 

TFFM . 

VISCOG 
VISCOL 
VRBD, . 

VREX 

VRFR 

VRI. 

VRIN 

VIRO 
VRIT 

VROB 

VRS. 
VRTAP. 

XMUTUB 

ZCLOK. 

ZTEDIT 

correlations. '· !. 

Calcu.lates the Baroczy two-phas-e· friction multi·plier. 
CdlculdLe::, Lll~ WdL~r· VdiJur· v·i::,cu::, i Ly. . .. 
Calculates the· water liquid viscos.ity. 
Calculates SCORE-EVET boundary conditions .. 

.·Performs the· SCORE-EVET explicit calculations. 

.... Ca·lcu1ates.the cell array :axial and transverse friction 
pressure gradients. 

Performs the SCORE-EVET energy calculations. 
Contr·o·ls the input of data· and ·its. printout. 

Contains· the printout of· calcu.lational results. 

Performs the SCORE-EVET·it~ration procedure. ·· 
Dummy routine. Reserved:: for cell obstacle calculations.·· 

Calculates initi·al values ~or the calculational arrays~ · 

, Controls the input and output of d·ata for restart tapes. 

Dummy routine. Reserved·for turbulent mixing correlations. 

Block data for subroutine timing and~imei editing. 

Edits the subroutine timers. 
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APPENDIX E 

SAMPLE PROBLEMS 

In this appendix, three sample problems are.presented which il­

lustrate the use of SCORE-EVET and some of the options available 
to the user. The first two problems are multichannel, multifuel-rod 

problems illustrating channel and fuel rod numbering when diagonal 

symmetry is used, and illustrating the specification of temporally and 

spatially varyi~g boundary conditions. The third problem illustrates 
the one-dimensional .representation of a multichannel geometry. 

l. SAMPLE PROBLEM NUMBER l: A 7 BY 7 BWR FUEL ASSEMBLY; 

STEADY STATE AND SLOWDOWN TRANSIENT 

Sample Problem Number l consists of a three-dimensional transient 
problem illustrating the use of the diagonal symmetry feature, the rod 
conduction model, and the time varying inlet and outlet boundary conditions. 
The problem simulates a 12-ft long, 7 by 7 BWR fuel assembly undergoing 
a blowdown transient. 

The geometry of the fuel assembly is shown in Figure E-1. The fuel 
assembly consists of 49 fuel rods, each 12-ft long and of 0.563-in. 

diameter, arranged in a 7 by 7 square matrix with a rod-to-rod pitch of 

0.738 in. (0.175-in. gap spacing). The rod bundle is contained within a 

canister 5.278-in. square. For calculational purposes, the fuel rod 

array is divided transversely into 49 calculational subchahnels with a 

fuel rod contained withiri each subchannel, and axially into three 

48-in. calculational intervals. The tr·ansve~se dimensions of the flow 

channels are shown in Figure E-1 and are listed in the following input 
printout. 

The fuel rod power conditions simulate a BWR operating at a steady 

state average power of 12 kW/ft with a transient power decay initiated 
at l second. The rod-to-average transverse power distribution is shown 
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Canister Wall 

r. 0.794 I 0.738 I 0.3691 0.738 I /. 0.563 o;!·a 

1

- 0.794 ... , 
... ... ... "4.. .. .... ·- -· 

. Pt =· ~'~.di-ill P~wer ~actor . 

R = Rod Number 

C = C::hannel Number 

F.ig .. E-1 Layout of the 7 by 7 .BWR Sarnpl_e Problem Number 
fuel rods.have been identically numbered). 
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in Figure E-1 and listed in Table E-1. The peak-to-average axial power 

distribution and the power-time distribution also are listed in the 

following input printout. 

BWR coolant conditions are simulated with an initial internal 

energy of 522.8 Btu/lbm, and axial v~locity of 6.962 ft/sec at the inlet 

and an initial pressure of 1043.0 psia at the outlet. A uniform trans­

verse distribution of these parameters is assumed. The problem is 

conducted holding the coolant conditions constant for 1 s~cond to 
provide steady state initialization, after which a transient is initi­

ated simulating BWR blowdown conditions. The inlet internal energy and 

axial velocity and the outlet pressure versus time conditions are 
listed in the followirig input printout. 

The input data required to perform the calculations are presented\ 
in Table E-1. Following the input printout the calculational results · 

are presented in the output printout. Because of the excessive length~ 

of the printed output, output are shown only for times of zero, one, 
and four seconds. 
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TABLE E-I 

SAMPLE PROBLEM 1 

BENEGETTI-KJ SEK-LORDS MOD 1 VEil ·? SCORE-EVi:T 
EXAMPLE 1t 3-0 7X7 EIIR :LUSTEkt UNIFOKM INLET VtLG-CIP, SS +TRANSIENT 

IUF = 
ICUTF = 
"JAOC = 1. 
NOCH = 2fl 
CHANNEL NOS = 1 
CHANNt.L NOS = 3~ 
16R = 3 
JeR = 7 
KBR = 7 
IRJO = 1 
NDIAG = l 
NROD = 2E 
"JZPTD = 15 
NZTOT = lO 
ALX = loOu 
ALY = l.O(J 
ALZ = lo.lu 
GX = -32.2 
GY = 0. 
GZ = o. 
CEP = o40H- 02 
IIGHTP = lo!:U 
OT = o30uE-C2 
BO = 1.2 u 
SACRIT = • E-0 0 
TFIN = 'lj. 0 li 
I DTFL G = 0 
LPR = 3 
NPRT = 1-0 l• 
NWPC = u 
NIIPP = 0 
IESFLG = 2 
NT.AP = G 
NIHO = lOLo 
.l'lEWTA'P = 0 
·N~st = 700 
·I,,:J.K PRI-NT LII1ITS 

2 3 4 !~ 6 
'+1 C2 -4'} 

·~R·E 1 

·········~·~····················~······· •••• 
**** ..... INPUT IS IN [~GLISH UNITS 

**** 
•••• 
**** 

***••••••·••~~•a~****************''******* 

7 9 10 H 12 13 14 ] 7 11\ 19 

1 '31 1 1 . 
"' 

1 

20 21 25 :26 27 28 33: ~4 



TABLE E-1 (continued) 

SCORE- E'lt. T BENE lJETT 1-K 1 SER-L ORDS MOD 1 VER 2 
EXAMPLE 1' 3-D 7X 7 (l~R CLUSTER, UNIFOR!1 INLET VELOCITY, ss + TRANSIF:I'JT 

X CELL DIMENSIONS 
• 530 00 '18.UO(J 4a.uoo 48. u 0 Q .soaoo 

y CELL D I HENS IONS 
• 79400· • 7940U .751'\0U • 7 38 0 ~ .738C!O • 7'1f\00 . • 7 ~~~ 0 0 .7940!) .79400 

z CELL DIMENSIONS 
• 794 O·O .79400 .7380(1 • 7 38(J ,) .7380!) .731'\!JQ • 738 () 0 .79400 .7940~ 

LOSS COEFF I CI E!'HS 
o •. o. 1). o • 

p ( 1) = • 104[+04 
SIECl) = 523. 
QUAL = o. 
uc 1) = 6·~96 

DI AHR D = • 56 3 
SPROD = • 7 38 

N PAVE = 12.~ 

0 CHANNEL 1 OH Y = • '+!: 45 0 DHE: = .86'271) A \IF = 5. 3 2'51 Al/0 = 2 .a o511 VOID = .60506 RODNUM= 1.0000 
__. CHANNEL 2. OHY = • 5< 60 u DHE. = • 76 213 AIIF = 4.37:34 Al/0 = 3.01811 VOID = .57510· ·RODNUH: 1.01!.00 

CHANNEL 3 CHY = • 52 60 (J DHC: = • 76 213 o\1/F = 4.3734 AI/Q = 3.0184 VOID = .57510 RODNUH= 1.0000 
CHANNEL 4 DHY = • 5< 6<1 0 OHE = • 76 213 AI/F = 4.3734 Al/0 = 3.01811 VOID = .57511) RODNUH: 1.0!)00 
CHANNEL 5 DHY = • 5< 60 u DHE = • 76 213 AIIF = 4.3734 Al/0 = 3.0184 VOID = .5751!) RODNUH: 1.0000 
CHANNEL 6 DHY = • 5<:6!) lJ OHE = • 76 213 AIIF = 4.3734 AI.IP = '3.0184 VOID = .57510 RODNUH= 1.0000 
CHANNE,L 7 OKY = • 4:.45 0 OHE = • 86 27 0 AIJF = 5.3251 AIIO = 2.80511 VOID = .60506 RODNUH: 1.0000 
CHANNEL 8 OHY = • 52 bO tJ DHE = • 76 213 A \IF = 4.3734 All(l = 3.0184 VOI.D = .57510 RODNUM: 1.0000 
CHANNE.L 9 DH Y = • 66 87 0 DHE = .E6870. A \IF = 3.2475 AIIO = 3.24 75 VOID = .542'10 RODNUM: 1.0000 
CHANNE.L 10 DHY = • 66 8 7 0 DHE = • E6 8 7 0 AIIF = 3.2475 A liP = 3.2 II 75 VOID = o542'l0 RODNUH: 1.0000 
CHANNEL 11 OHY = • bt. 87 0 OHE = • 66 8 7 0 AIIF = 3.2475 AIIO = 3.2475 VOID = .511290 RODNUH: 1.0000 
CHANNE.L 12 OHY = • 6&87 (j OHE = .66870 AWF = 3.2475 AIJP = :'1.2 4 75 VOID = .511290 ROONUM: 1.01300 
CHANNE.L 13 OHY = • 66 8 7 0 DHE = • 66 A 7 0 A \IF = 3.2475 A\IQ = 3.2475 VOID = .54290 RODNUM: 1.0000 



TABLE E-1 (continued) 

CHANNEL l'l CH Y ;: • 52 6U lJ DHE - .7621:3 A \IF : 11.3734 A\10 = 3.01A4 VOID = .57510 RODNU11= 1.0000 
CHANNEL 15 OHY = e526o)U OHE = • 76 213 AIIF 4.3734 .A\IQ = 3.0184 VOID = .5 7510 ROONUI1= 1.0000 
CHANNEL 16 DHY = • 661)7 0 OHE = • 66 8 7 0 A\I'F - 3.21175 A\IQ = ·3.-2475 VOID = • 542-9 0 ROONUM= 1.oooo 
CHANNEL 17 DHY = • 66 87 0 DHE = • 66 87 0 A \IF 3.2'175 AIIQ = 3.21175 110!0 = .54290 RODNUI1= 1.0000 
CHANNEL 18 DH Y = • 66 8 7 (J OHE = •. 66 8 7 0 A \IF 3.21175 AWQ = 3.21175 VOID = .511290 RODNUM= 1.0000 
CHANNEL 19 DH'I' = • 66 87 u DHE = .66 8 7 (J A \IF : 3.21175 AIIQ = 3.21175 II OlD = .511290 ROONUI1= l.DOOO 
CHANNEL 20 DHY = • 6b 87 0 DHE = • 66 8 7 0 AWF : 3.2117!5 AIIQ = 3.2475 VOID = .511290 RODNUI1= 1.0000 
CHANNEL 21 DHY = • 52 60" DHE = • 76 213 AIIF -: 11.37311 AIIQ = .3.o01AII VOID = .57510 RODNUI1= 1.0000 
CHANNEL 22 DH Y = • 52 60 ~ DHE = • 76 213 A \IF 11.37311 .A\IQ = 3.01811 VOID = .57510 ROONUM= 1.0000 
CHANNEL 23 DH,- = • (:6 8 7 L DHE = .• 66 8 7 0 Allf 3.2.1175 AWQ = 3.21175 IIOID = .511290 ROONUM: 1.0000 
CHANNEL 2'1 DHY = • 6b 1:!7 0 OHE = • 66 A 7 0 AIIF ·- 3.21175 AWQ = 3.21175 YOlO = .54290 RODNUI1: · 1.0000 
CHANNEL 25 DH Y = • 66•87 0 DHE = .668 7 0 AIIF 3.21175 A.\IQ = 3.21175 VOID = .511290 RODNUI1= 1.0000 
CHANNEL 26' DH'I' = • 66 8 7 0 DHE = • 66 8 7 0 · .AIIF 3.2'175 AWQ = 3.21175 VOID = .-511290 ·RODNUI1= 1o·O 0 0 0 

.. CHANNEL 27 CH 'I' = • 66871) DHE = • 66 8 70 AWF 3.21175 -A\IQ = 3.2117•5 II OlD = .511290 RODNU11: 1.0000 
CHANNEL 28 OHY = • 5260 u. OH£ ·- • 76•213 AWF : 11.37311 A\IQ = •3. 018.11 ·VOID = .57510 ROONUI1: 1•·oooo 
CHANNEL 29 DH Y = .52600 DHE = • 76 213 AWF 11 •. 37311 AWQ = 3.01811 II OlD = .57510 ROONI:JI1: 1.0000 
CHANf'<EL 30 DH Y = • 66 87 0 DHE = ,;66870 AIIF - 3.21175 AIIQ = 3.2'175 VOID = .511290 RODNUI'I= 1.0000 
CHANNEL 31 DH'I' = • 668 7 (l DHE = • 668 7L AIIF - 3.2l!75 AWQ .,: 3.21175 VOID = .54290 R00Nl:JI1= 1.0000 
CHANNEL ·32 DH 'I' = • 66 87 0 DHE ·- • 66 8 7 \i A \IF 3.2'175 .AWQ = -3.21175 VOID = .511290 RODNUI1= · l.OIJOO 

... CHANNEL 33 DHY = • 66 87 0 DHE = • 66 8 7 0 A.ll F - 3.21175 AWQ = 3.21175 VOID = .54290 ··RODNUI1= 1.0000 

N CHANNEL 3'1 CH 'I' = • 66 87 0 DHE = • 66 A 7 C A~'F 3. 2.1175 AIIQ = 3 •. 21175 VOID = .5·4290 ROONUI1: 1.0000 
0 CHANNEL 35 OHY = • 52 6':! ~ OHE = • 76 213 All F '1.37311 . ~ .. \10 = 3.01811 VOID = .• 57510 RODNUI1= 1.0000 
N CH ANN E.L 36 CHY = • 5l6') ~ OHt. = • 76 21.3 A \IF 11.37311 A\10 = 3.01811 .YOlO = .57510 ROD-NUI1: 1.0000 

CHANNEL 37 OHY = • 66 81 a DH[ = .• 66 il7 0 AII.F - 3.2475 AIIQ = 3.21175 \10!0 = .511290 RODNUI1= 1.0000 
CHANNEL 38 DH 'I' = • 66 8 7 0 ·a HE = • 66 8 7 0 A~'f ·- 3.2'17'3 AIIG = 3.2475 VOID = .511290 ·RODNUI1: 1.0000 
CHA.N.NEL 39 OH Y = .f,68N DHE = • 66 8 7 0 A \IF = 3 .• 2475 AIIQ = 3.21175 VOID = .511290 RODN.UM= 1.0000 
CHANNEL 11.0 DHY = • 66 87 (; ow: = • 66 8 7 0 ~\If -: 3 .• 2'175 A.\IQ = 3.21175 VO!O = .51129 0 ROON.UI1= 1.0000 
CHANNEL Ill OH Y = • 66 87 0 QHE = .66 8 7 0 AIIF - 3.211.75 A.\IQ = 3.21175 ·IIOID = .511290 RODNUI1= 1.0000 
CHANNEL '12 OH Y = • 52 6n li DHE = • 7621.3 .Aio'F = '1.373.4 A,WQ = 3 .• 018 4 VOID = .57510 RODNUI'I: 1.0000 
CHANNEL '+3 OHY = • 45 '15 c D.HE = .1:!6 2 7 0 A~'f = 5.325.1 A\IQ = 2. 8 0511 VOID = .~0506 ·RODNUM= 1o0000 
CHANNEL llll OHY = • 526:) ,, DHE. = .762P. AWf = II .·3 734 AI/Q ·= ·3 .• 01!14 V(l!O = .57510 R(lQNUM: 1.0000 
CHANNEL 45 OH Y = • 52 6 J ~ DHE. = .• ,76 213 AltF ·- 11.37311 .A\IQ = 3 .• 01AII -VOID = .57510 RODNUM= loDOOO 
CHANNEL 46 DHY = o 52 6v U DHE = • 76 2.13 Allf = 1!.3.TH AIIQ = 3.01811 VO.ID = .57510 RODNUI1= ·1.01100 
CHANNEL 117 DHY = • 521)!) u DH~ .- ·.7621·3 Alo'F ·- -4 •. 3 7-311 -AIIQ = 3o01R4 11010 = .57510 .ROONUM: 1.0000 
CHA.NNE L '18 OHY = • 52 60 IJ DHE = • 7~21"3 AUF = ·4. 37'34 A\IQ = 3o0184 VOID = .57510 RODNUIII= 1.0000 
CHANN.EL '19 CH Y. = • '15'15.; DHE = .862-70 A \IF : 5.3251 AIIQ = 2. 8 0511 .VOID = .60506 RODNU?1: 1.0000 

" 



TABLE E-I (continued) 

DIAFO = • 5 u7 
GAPT = • 8 il u:::- 02 
GAPH : 1000 
FUELK = 2. ou 
CLADK = 7. 00 
RHOCPF = 5.3. 0 
RHOCPC = .32. 0 
ROO NUMBER 1 NRC: 1 
ROO NUMBER 2 NRC= 2 
ROD NUMBER 3 NRC: :!. 
ROD NJMBC:R 4 NRC: 4 
ROO NJMBER 5 NRC: 5 
ROD NUMI:lER & NRC= 6 
ROD NUMBE.R 7 NRC: 7 
ROD N.JMBER .a NRC: 9 
ROO NJMBER 9 NRC: 10 
ROD NUMBER 10 NRC= 11 
ROD NJMBER 11 NRC= 12 
ROD N!JMBt:R 12 NRC= 13 
ROO NJMBER 13 NRC: 111 
ROO NUMBER 14 NRC= 17 

N ROO NUMBER 15 NRC: 18 
0 

ROD NUMBER 16 NRC= 19 w 
ROO NUMI:lE.R 17 NRC= 1:!0 
ROO N'JMBER 18 NRC: 21 
ROO NIJMBER 19 NRC= 25 
ROO NUMbER 20 NRC: 26 
ROO NUMBER 21" NRC= 27 
ROD NUMBER 22 NRC= 28 
ROD NUMBER 23 NRC: 3.3 
ROO NUMBER 211 NRC= 34 
ROO NUHBE.R 25 NRC: 35 
ROD NUMBER 26 NRC= ~1 

ROO NUMI:lER 27 NRC: ~2 
ROO NUMBER 28 NRC= ~9 



TABLE E-I (continued) 

SCORE-EYET BENEDETTI-KISER-LORDS MOD 1 VE~ 2 
EXAMPLE 1t 3-D 7X7 BWR CLUST.ERt UNIFO,RM INL-ET VELO:ITYct SS + TRANSIENT 

RADIAL POWER FACTORS--13Y CHANNEL IF l.R•JO = 0 ---.BY RO.O IF !ROD = 1 OR ~· 
1 .l 7 1.21 1.06 lo19 1.13 1.12 .930 l.Q 3 .9 20 1.13 
1 .o 1 ·1. J 3 .940 l.o02 o93Q .890 .sao 1. !'!5 .860 .sao 
• 88 0 1.00 •. 81-0 ~as o 1. 02 .92!) 1o14 1.10 

AXIAL POWER FACTORS FOR THE REAL CELLS 
• 7S 1 lo'l'+ • 7.81 

PO_WER-T IME IN PUT 
1 .il iJ o. 1.oo 1. 0 0 .940 1o10 .815 1.22 o558 1.43 
• 458 1.63 .~48 1oA1 .295 2.02 .123 3.C1 8o920E-02 4.01 

s. Q91.iE:-02 s.oo 7.590E-02 6.00 7.:540E-02 7.00 7.100E-12' s.oo 6o910E-02 11.0 
OEL TA T-TlME ,] NPUT 

1. ilv CJE-03 1. U .u U E -;; 2 1. OOOE-0 3 2. 0 0 OE -.0 2 2oOOOE-03 .18 0 2o000E-'l3 o3Ci0 1o000E-03 .400 
2o50uE-u3 • 9':l '+ 2.000[-04 1. 01 1.000!"-03 2.00 5.oooE-!14 5.(:0 1o000E-03 lloO 

u v \1 p s:E RHO TEMP 

N INLET BOUND A'\ Y FLAGS 3 
0 

1 6 3 A 6 

~ 
INLET BOUND A~ Y CONDIT lOWS Eo96200 o. o. 9. 522.AJO o. o • 

• NFTPU I = 10 
FACTORS· FOR INLET VELOCI rY. OR PFESSU~E AS A FUNCT I•ON OF TIME 

1o0000il0 a.oaouou J.(I~OC uO 1o000000 .759()1)0 1.sooooo .304000 2.JCJ'JOO .432000 2 .5ooaoo:. 
.367000 3.5(11) ~ilO .310Cu0 '+.OOOOuO .252000 5.000000 .222000 6.)0000 .227000 11.oooo-oo 

NFTPSI = 1 o. 
FACTORS F9R INTERNAL ENE ~GY AS r.. FUNCTI.ON OF TIME 

1 .• ooooou ·o.ooo l·uo 1ou•)UCOO 1.ooocoo 1.000100 1.500000 1.000200 2.JCOOOO. 1.000400 3.500000 
l'oO 00900 3.5oo L.o,o 1.oo1<:uu 4.ooouco 1.001900 5.000000 1.002800 6 .JCJOOO 1.003800 11. o oo ooo· 

u v 
"' 

p SIE RHO TEMP 

OUTLET. BOUNDARY FLAGS 6 1 3 E 6 6 

OUTLET BOUNDARY COt-! pi Tl :N.S o. o. o. 1043.JO o. / o. o. 

NFTPUO = 1CI 
FACTORS FQ~ OUTLET VEL OC HY OR Pt-,EssURE AS A FUN:TION OF TIME 

1.'ooOiJOO o.ooo 00,0 :c.OuO( C.O 1.000000 .'194000 1.500000 o983000 2 .D.!IOOOO .971200 2.500000 
e95C2ii0 3.5ouuuu .9'11:-oo '+ .• 6~0000 .9265•) 0 5.000000· .913000 6.000000 .911100 11.000000 

~: 



N 
0 
(J1 

TABLE E-1 (continued) 

TWO-PHASE FRICTION MODEL FLAG, ITPMOD = 0 

**** INPUT OF CRITICAL HEAT FLUX CORRELATION FLAGS **** 

JCHF = C NSW : 0 I HTDBG : :J IF ILMH : C IPOOLH : n IHTCAL : ~ 

**** ACTUAL FRICTION FACTOR FLAGS USED •••• 

IRECWS = 0 IIR EX : ;> IREY = 2 :RF:z = 2 
IFXLAM : 1 IF Yl AM : l 1 F ZL AM = 1 
I FX TUB = 3 IFYTUB = 3 IFZTUB = 3 
I FLTEI'I = 0 

•••• ACTUAL TW9-PHASE CORkt:L ATI ON FI:.AGS USEO ..... 
IALFA = 1 ITPRHO : 1 

I TPMLX = 5 ITPML Y = 5 1 TPML Z = 5 
ITPMTX = 5 ITPI'ITY = 5 ITPMTZ = 5 

**** ACTUAL HEAT TRANSFER FLAGS USED •••• 

JCHF : ~ IHTDBG = 0 IFILMH = 2 

MlNli'IUI'I Dli'IENSIONING FOR THE AURRAY) 51150 



-ABLE E-I (continued). 

SCORE-EIIET 
EXAI'IPLE 1, 3-C• 

8ENEDETTI-KI,~R-LOfDS ~OD + V~R f 
7X7 8WR CLUS ;:R, IJ~HFOR'I'I INLE V'ElOCl y, SS + TRANSIENT 

CYCLE . 0 TI l"f . ·0. IHRATIONS • 0 DELTA TillE . .30000E-02 POWER A:VERAGE • 12.000 KW/FT, 

K 1 ,J u v ~ PRESSURE DENSITY ENERGY TE11P QUAL 
FT /SEC FT/SEC FT/SEC PSI llli1/FT3 8TU/l811 DEG F 

1 1 1 6. 9620'0 o. o. 10lt9,45 47.1952 522.800 550.633 c. 
2 1 1 6.96200 o. a. 1049.45 47.1952 522.800 550.633 o. 
3 1 1 6.96200 o. o. 1049,80 47.1951t 522,800 550.682 o. 
It 1 1 6,96200 o. o. 101t9ol4 47 •. 1951 522.80C 550.590 o. 5 1 1 1:,96200 o. c. 10lt9o7l lt7. l95lt 522.800 550.670 o. 
6 1 1 b.96200 o. c. 10lt9,1t5 47.1952 522.800 550.633 o. 
7 1 1 6,96200 o. o. 1049.1t0 47.1952 522.800 550.627 o. 
8 1 1 bo96200 (.', o. 101t8.47 47o1Cllt8 522.800 550.500 o. 
9 1 1 6.96200 o. o. 101t8olt7 lt7o1948 522.800 5 ~o. 50o,. o. 
1 2 1 12.2046 Q, o. 10lt9olt5 26.9205 567.467 550.478 3,837677E-02 
2 2 1 12.2046 o. o, 1049.45 26.9Z05 567.467 550,478 J,837677E-02 
3 2 1 13.8667 o. o. 1049.80 23.693\1 5H,634' 550.5'19· 5ol01959E-OZ 
It 2' 1 12.4655 o. o. 1049.14 26.3570 568.533. 550,441 4.034737E-02 5 .. 2 1 13.6800 o. (t, 1049.71 24.0171 573.821 550.5.09 4, 959651E--g2 6 2 1 13.11Cl7 o. (), 1Clt9,1t5 25o01t28 571.380 . 550.lt77 4.532751E- 2 7 2 1 13.0263 o. o. 1049.40 25.2224 570.974 550.It72 lt,lt6l604E-:02 
8 2 1 10.2228 o. o. 1048olt7 32.1392 558,81t2 550.361t 2. 330643E-02· 9 2 1 10·. 2l28 o. o. 1048.47 3.2.1392 558.81t2 550.361t 2. 330643E-OZ 
1. 3 1 30.3573 o·.· o. 1048.12 10.8229- ~~~=g~g 550.322 .176006 2 3 1 30.3573 o. o. 10lt8o12 10.8229 550.322 .176006 

N 3 3 1 35.1087 o. o. 1048.41. 9.35820 665.191' 550.356 .212109 
0 4. 3 1 31.0831 o. o. 1047.87 10.5702 647.864 550.293 .1&H60 

"' 5 3 1 34.5722 ·a .• 2· 1048.34 9o5031t3 662.881 550.348 .208022 6 3 1 32,9h22 o. ... 1048.12 9', 96761 655.950 550.322 .19!1762 7 3- 1' 32.6938 0··. (), 10tt8.n8 10.0494 654.794 550.318 .193719 
8 3 1 24.6t.35 o. c ... 1C47, 31 n. 3215 620.327 5)0.228 .132707 9 3 1 24.61:35 o. c. 1047.31 13.3215 620.327 550.228. .132707 
1- 4 1 40.3331 o. o. 101t5o29 8.14601 686,713 549.991 .250877 2 4 1 40.3331 c. c. 10lt5.29 8.14601 686.713 549.991 .250877 3. 4 1. lt6.7775. o··· c. 101t5o48 7.02376 71lt.238 550,01·3 • 299659 

" 4 1 41,3C38 o. c. 1045.22 7·. 95ft 58 690.832 549,983 .258195 
5 4 1 46,0478 o. o. 10.45'.45 7_.13506 711.117 550.009 .294131 6 4 1 lt3,8585 o·. "· 1045.34 7. 49122 701.755 5't9.997 .277!145 7 4 1 . 43.4936 o • o. 10'45.32 7.55408 700.19lt 5lt9.995 o2H780 
8 4 1 32.5926 . o. c • 1044.90 ro.oso6 653.628 '}49,9lt6 .192279 
9 4 1 32.5926 Uo o. 1044.90 10.0806 653.628 5't9.9lt6 .192279 
l 5 l 40.3331 ·O, o. 10"3.00 5olt6912 728.606 5lt9,659 .3Z57lt8 
l 5 1 ~C.3331 o·, o. l&·:~:gg 5.46912 728.606 549.659 , 325H8 
3 5 1 1,6,7775 o. o. 4.68933 763.285 51!9.671 • 387210 4 5 l t,1,3038 o. o. 1043.00 5-.33896 733.801 549.673 ,334930 
5 5 1 lt6.0478 o·. o. 1043.00 4·. 76669 759.354 51t9.61l .380239. 6 5 1 .1,3,8585 o. 0 •. 10lt3o00 5. 0 llt8'4. 747.560 5lt9.672 .359327 
1 5 1 43.4Cl36 o. Ci. 1'043.00 5.05872 71t5.594 51t9o672 .355842 8 5 1 32.5926 o. o. 10it3·,oo 6,83979 686,928 5lt9.664 • 2:)1852 <; .5 1 32.5Cl26 O• c. 1043.00 6.83979 686.928 549.664 .251852 
1 1 2 6,96200 o. o. 101t9olt5 47.1952 522.800 550.633 o. 
2 t ,. 2 6,96200 o. o. 1049.45 47.1952 522.800 550.633 o. 
3 2 6,96200 o. o. 101t9.80 lt7ol95lt 522,800 550.682 o. 
It 1 2 6.96200 o. o •. 1049.14 47.1951 522.800 550.590 o._ 
5 l 2 6,96200 o. c. 1049.71 ftlo195lt 522.800 550.670 o. 6 1 2 6,96200 o. o. 1049olt5 47.1952 522.800 550.633 o. 7 1 2 6,96200 o. o. 101!9.40 47.1952 522.800 550.627 o. 8 1 2 6o9620C o. o. l01t8.~7 lt7.19lt8 522.800 550.500 o. 



TABLE E-1 (continued) 

SCORE-E.VET BENEDETTI-KISER-LORDS 110D 1 VER 2 
EXAI1PLE 1· 3-D 7X7 BWR CLUSTER, UNIFORII INLET VELOCITY, SS + TRANSIENT 

K 1 J u v w PRESSURE DENSITY ENERGY TEIIP QUAL FT /SEC FT/SEC FT/SEC PSI LBI1/FT3 BTU/LBII DEG F 9 1 2 6.962.00 o. o. 101t8,1t7 lt7.191t8 522.800 550.500 o. 1 2 2 12.2046 o. o. 101t9.1t5 26.9205 567.467 550.1t78 3,837677E-02 z 2 z 12.2046 o. o. 1049,45 26,9205 567.467 550.478 3, 837617E-OZ 3 z 2 13.8667 o. o. 1049.80 23.6937 574.634 550.519 5o101959E-02 
" 2 2 12,1t655 o. o. 101t9o14 26.3570 568.533 550o41t1 lt,034737E-02 5 2 2 13.6800 o. o. 1049 0 71 24.0171 573.821 550.509 It, 95965lE-02 6 z 2 13.1197 o. o. 1049.45 25,0428 571.380 550,417 It, 532751E-02 7 2 2 13.0263 o. o. 101t9olt0 25,2221t 570.974 550.472 4,461601tE-02 8 2 2 10.2228 o. o. 101t8olt7 32.1392 558.842 550.361t 2, 33061t3E-02 9 2 2 1C',2228 o. o. 101t8,47 32.1392 558o81t2 550.364 2, 3306't3E-02 1 3 2 30.3573 o. o. 101t8.12 10.8229 61tlt. 8 20 550.322 .176006 2 3 2 30.3573 o. o. 10lt8o12 10.8229 64lt.820 550.322 o17t>006 3 3 2 35.1087 o. o. 101t8o41 9.35820 665.191 550.356 .212109 It 3 2 31.0831 o. o. 101t7.87 10.5702 647o861t 550.293 ·181460 5 3 2 Ho5722 o. o. 101t8.34 9,5CH3 662.881 550.3lt8 .208022 6 3 2 32.9622 o. o. 1048.12 9.96761 655.950 550.322 .195762 7 3 2 32.6938 o. o. 1048,08 10.0491t 654.794 550.318 o193719 8 3 2 24.6635 o. o. lOH, 31 13.3215 620.327 55~.228 .132707 9 3 2 2lo,6635 o. o. 10lo7.31 13.3215 620.327 550.228 ·132707 1 4 2 40.3331 o. o. 101t5.29 8 ollt681 686.713 5olt9,991 .250877 2 " 2 40.3331 o. o. 101t5,29 8ol46 1 686.713 549.991 o250877 3 4 2 46.7775 o. o. 101t5,1t8 7.02376 714oZ38 550.013 .299659 N It 4 2 u. 3038 o. o. 101t5,22 7.951t58 690.832 51t9.983 o258195 0 5 4 2 46.0478 o. o. 101t5.45 7.13506 7llol17 550.009 • 294131 -.....J 6 4 2 43.8585 o. o. 10olt5. 34 7olt9122 701.755 549,997 o27751t5 7 4 2 43,1t936 o. o. 101t5,32 7.55408 700.194 549,995 o271t780 8 4 2 32.5926 o. o. 10olt4.90 10.0806 653.628 51t9,91t6 ol9Z279 9 4 2 32.5926 c. o. 1041to90 10.0!106 653.628 51t9o91t6 o192279 1 5 2 lo0o3331 o. o. 1043.00 5olt6912 728.606 51t9,659 o3257olt8 2 5 2 olt0.3331 o. o. 1 OH, 00 5.46912 728.606 51t9,659 • 325H8 3 5 2 ttc. 7775 o. o. 1043.00 4.66933 763.285 549.671 o387Z10 

" 5 2 41.3038 o. o. 101t3o00 5. 33896 733.801 5olt9.673 • 33't930 5 5 2 lt6,0478 o. c. l01t3.00 4o76669 759o351t 5lt9,671 • 3802 39 6 5 2 43.8585 o. o. 101t3.00 5o0llt81t 747.560 5olt9,672 • 359327 7 5 2 lt3.4936 o. c. 1043.00 5.05872 71t5,591t H9o672 o35581tZ 8 5 2 32.5926 o. o. 101t3.00 6o83979 686.928 549.661t o251852 9 5 2 32.5926 o. o. 1043.00 6.83979 686.928 51t9.661t o251852 1 1 3 6,96200 o. o. 101t9.80 47.1951t 522.800 558o682 o. 2 1 3 6,96200 o. o. 1049.80 lt7.1951t 522.800 55 .682 o. 3 1 3 6,96200 o. o. 101t9.02 lt7ol951 522.800 550.573 o. 4 1 3 6.96200 o. o. 101t8,52 lt7.1948 522.800 550.50olt o. 5 1 3 6,962CO o. G, 10lt9.48 lt7.1953 522.800 55Cio638 o. 6 1 3 6,96200 c. o. 10lt8,93 47,1950 522.800 550.561 o. 7 1 3 6.96200 o. o. 101t9,02 47.1951 522.800 550.573 o. 8 1 3 6.96200 o. o. 101t8.62 lt7,191t9 522.800 550.518 o. .9 1 3 6.96200 o. o. l01t8o6Z lt7,191t9 522.800 550.518 o. 1 2 3 13.8667 o. o. 101t9o80 23.6937 5H.634 5 50.519 5o101959E-02 z 2 3 13.8667 o. o. 101t9.80 23.6937 57olt.631t 550.519 5o101959E-02' 3 2 3 13.5512 o. o. 1049.02 Zlt,21t53 573.156 550.427 olt.85tl550E-02 

" 2 3 12.3775 o. o. 101t8.52 26,51t44 568.057 550.369 3.965621E-02 5 2 3 14.6172 o. 0~ 101t9.48 22.1t173 577.791 550.lt@l 5, 6 7039H-02 6 2 3 13.3379 o. o. 1048,93 21t,6331 57Z.229 5 5.0. 416 4.696193E-02 7 2 3 13.5512 c. o. 10olt9,02 24.2453 573.156 550.olt27 4o858550E-02 8 2 3 u. 3"'31 o. o. 1048,t-2 28 .•. 9650 563.652 550.380 3o18101t9E-02 9 2 3 11.3431 o. "· 10.48, 6 2· 28· •. 9650 563.652 550.380 3.181049E-02 



TABLE E-1 (continued) 

SCORE-EVET ~ENEDETTf-K:,ER-LORDS 1100 1 VER 2 
EXA11PLE 1• 3-D 7X7 BWR CLUS ERt UNIFORM INLET VELCCITt, :iS + TRANSIENT 

K J u v w PRESSURE DENSITY ENERGY TEI1P QUAL 
FT/SfC FT /SEC FT I SEC P~I LBH/FT3 BTU/LBH DEG F 

1 3 3 35 olOB 7 o. o. 1 '18.41 9.35820 665.191 550.356 .212109 
2 3 3 . 35.1087 o. o. 10'18.41 . ~=~~~f~ 665 .• 191 550.356 .212109 
3 3 3 34.1670 o. . 0. 10ft7. 77 661 .• 014 550.281 .204820 
4 . 3 3 30.7983 o. o; 10it7. 36 10.66H 646.533 550.233 .1H201 
5 ' 3 3 37.2273 o. o. 1048.14 8.82563 674,1H 550.325 · .ZZ8115 
6 3 3 33.5547 o. o. 10H.69 9. Hl59 :658,H1 ~~&:Hf .200162 
7 3 3 34.1670 o. o. 1047.77 9.61612 661.C·14 .204820 
8 3 3 27.~59"J ·a, o. 1047.44 11.7932 634.'002 550.2lt3 .156947 
9 3 3 27.8591 o. ilo 10"47. 44 -11.7932: 634.002 550.243 .156947 
1 4 3 46". 777~ c. o. . ,10.45. 48 7.02376 711t. 238 550.0.13 •. 2qq659 
2· 4 3 46.777~ . g: c. ·.10it5.48 7.02376 714.238 550.013 .299659 
3 4 3 45.472~ o. 101t5o.25 7.22531t 708.608 549.986 .289715 
4 4 3 ' 40. 895~· o. c. 10'15 •. Clt 8.03399 . 689 .• 0lt5 5lt9.962 .255058 
5. 4 3 lt9. 63H· C• • o. .1045.43 6.6l98lt 726.392 550.0011 .321224 
6 4 3 4lt.640" o. ·, o. 10'15.21 7. 36"001 705.,051 5lt9.981 .28'HU 
7 t, 3 45.472!i o. , G. 1045.25 7.22531, 708.b08 549.986 • 289715 
8 4 3 36.9228 .o. . &: 10lt5.01 8.898ltl 672.107 51t9.958 .225027 
9 4 3 36.9228 . o. 1045.01 8.8984) 672.107 5lt9.958 .225027 
1 5 3 46. 77H o. . g: 1043.00 lt.689B 763.285 549.671 .387210 2 5 3 lt6.7775 .o. 1043".00 4 .• 689 3~ 763;.285 5'19.671 .• 387210 3 5 3 45.lt72~ o. o. 10"lt3.CO 4.83457 75b.202 5lt9.690 • 37lt610 t, 5 3 lt0.895!t o. o. 101t3.00 5elt0006 731.757 5'19.690 • 330915 .N 5 5 3 49.6311! o. C· • 10lt3.00 ltelt1404 778.605 5lt9.690 .4lio333 

0 6 5 3 4lt.6lt0• o. . o. 10lt3.00 lte928lt4 751.121 H9.690 •. 366665 00 7 5 3 45 .472') o. o. 1043.00 4.83lt57 75f:.202 51t9.690 • 374610 
8 5 3 36 .922·~ o. o. 1043.00 6.0036 .. 710.212 549.674 .293107 9 5 3 36.922:~ .o. .0. 10lt3.00 6.0036 .. 710.212 5lt9.6H • 293107 1 1 4 6. 9620•J o. a. 1049.14 47.1951 ~22.80c 550.590 o. 
2 1 4 6. <l620•J o. o. 1049.}1t 47.1951 5zz·.8oo 550.590 o. 
3 1 It 6.9620J c .• .o. 1C48~52 lt7.1948 522.800 ·550.504 o. .4 1 4 6.9620J a~ o. 1Cit8.97 H.l950 52~.800 550.567 o. 
5 1 t, 6.96?.0: c. o. 10lt8<56 47.1949 5ZC:.800 558.510 o. 6 1 .. 6.11620: v. c. 10lt8.38 47.1948 52<:.800 55 .485 o • 7 1 4· 6.Q620: .' o. c. 1048.34 47.194:3 522.80C 550 .• 47"1 o. 8 1 .. 6.CI620: D • o. 10lt9.10 47.1951 522.800 550.581, o. 9 1 4 6.CI62CI:· ·o. o. 1049.10 47o1951 "522.800 550.584 o. 
1 2 .. 12.465~ ·0. . 0. 1049 .1lt 26.3570 5611.533 550. 4tt1 4.034737E-OZ 
2 ·2 4 12 olt65~· o. o. l049 .lit 26.3570 568.533 550.41t1 4.0347"37E.,.()Z 
3 2 It 12. 377~ o. o. 10lt8.5Z Z6.5441t 56!.057 550.369 3.9o56.2.1E-OZ 4 2 it 13.ltlt46 o. c. 1048.97 2lt.4376 57Z.693 550.422 4. 7773'71E-,()"2 
5 2 4 12.4843 o. o. 1048.56 26.317lt 568.521 550.37lt 4.01t6791tE-02 
6 2 t, 12.057Z o .• c. 1048.38 27.2497 561).667 550.353 3. 722102E-Ci"2 7 2 t, 11.950 .. o .• o. 1048.·34 27.1t932 56o.Z03 550.3'11 3. tilt09Z9E..-o·2 
8 2 " 1'2. 372::.. o. o. "1049.10 26.5561 568.126 550.436 3. "16 35 95E-:()·2 
9 2 4 12. 37.2·1 .o. o. 1049.10 26.5561 568.126 550.436 3.963595E.-.02 
1 3 4 31.0831 o. o .. · 10H.87 10.5702 61t1.861t 550.293 .181"68 2 3 4 31.0831 o. o.· 1047.87 10.5702 6lt1.864 "550.293 .111 lt6 
3 3 4 30.798) . o. o. . 1047.36 10.6679 b4~.533. 550.233 .179201 .. , 3 r; 33.8609 g~,. o. 10'11.73 9.70306 659.b98 550.277 .202491 . 5. 3 4 31.1047 o. 1047.40 10.562:9 647.849 550.238 .181530 
6 "3 4 Z9.87CJl o •.. c. 1047.25 10.9"161 6ltZ,583 550.220 .172215 
7 3 4 29.5.727 o. ·C • 10lt7.21 11.1101 6ltl.267 550.216 .169887 
8 3 It 30. 8·1'i 5 o. o. 10'11.83 10.6623 646.708 550.289 .179417 
9 3 .. 3C ;.814'5 o .• o. 10lt7.83 10.6623 6lt6.708 550.289 .17 9417 
1 4 It 41.30:B o. o. 101t5 •. 2Z 7.95lt58 690.832 549.983 .258195 



TABLE E-I (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS MOD 1 VER 2 
EXAMPLE 1. 3-D 7X7 BWR CLUSTER, UN I FORI" INLET VELOCITY, ss + TRANSIENT 

K J u v w PRESSURE DENSITY ENERGY TEMP QUAL FT/SEC FT/SEC FT/SEC PSI LBM/FT3 8TU/l8M DEG F z 4 4 41.3(\38 o. o. 1045.22 7,95458 690,832 549,983 .258195 3 4 4 40.8955 o. o. 1045.04 8o03399 689,045 549o962 o255C58 4 4 4 45.0564 o. Uo 1045.23 7o29205 706.830 549,983 .286564 5 4 4 41.3116 o. Co 1045.06 7.95306 690,823 549.964 .258208 6 4 4 3'1o64f>9 c. (!, 1044,99 8,28701 683.709 o;49,955 .245606 7 4 4 3'1.2307 "· o. 1044.•n 8.374'13 681,931 549.953 • 242lt56 8 4 4 40.9388 o. o. 1045.20 8o0255(1 689.272 549.981 .255431 9 4 4 40.9388 o. o. 1045.20 8.02550 689,272 549.981 .255431 1 5 4 41. 303!1 o. (!, 1043.00 5.33896 733.801 549.613 .334930 2 5 4 41.3038 o. o. 1043.00 5.33896 733,801 549.673 .334930 3 5 4 40,8955 o. o. 1043.00 5.40006 731.557 549.690 .330915 ' 5 4 45.0564 o. o. 10lt3.00 4.88105 753.961 5lt9.690 0 310637 5 5 4 41.3116 o. o. 1043.00 5.34327 733.797 549.690 , 3H887 6 5 4 39.6469 o. o. 1043.00 5.57790 7Zlto835 549.690 .318998 7 5 4 39.2307 o. o. 10't3,00 5.63980 722.595 549,690 • 315026 8 5 4 40o936tl o. o. 1043.00 5.38869 731.835 549.673 0 331445 9 5 4 40.9388 o. o. 1043.00 5.38869 731.835 549.673 .331H5 1 1 5 6,96200 o. o. 1049.71 47.1954 522.800 550.670 o. 2 1 5 6.96200 o. o. 1049,71 .47.1951o 522.800 550,670 o. 3 1 5 6.96200 o. o. 1049.48 47.1953 522 0 800 550.638 o. 4 1 5 6,96200 o. o. 1048.56 47.1949 522.800 550.510 o. 5 1 5 6.96200 o. o. 1048.25 47.1947 522.800 550.467 o. N b 1 5 6.96200 o. o. 1048.34 47.1948 522.800 550.479 o. 0 1 1 5 6,96200 o. o. 1048.34 47.1948 522.800 550.lt79 o. 1.0 e 1 5 6.96200 c. o. 1048.88 47.1950 522.'300 550.554 o. c; 1 5 6.9620:l o. o. 1048.88 47.1950 522.800 550.554 o. 1 2 5 13.6800 o. c. 1049 0 71 24.0171 573.821 550.509 4.959651E-02 .2 2 5 13.6800 c;. o. 1049.71 24.0171 573.821 550.509 4,959651E-02 3 2 5 1~ .6172 o. o. 1049.48 22.4773 577.791 550olo81 5.670391oE-02 4 2 5 12.4843 o. o. 1048.56 26.3174 568.521 550.374 4.046794E-02 5 2 5 11.7367 o. o. 1048.25 27.9931 565.276 550.331 3,1t78583E-OZ 6 2 5 11.9504 o. o. 1048 0 34 27.4932 566,203 550.3lt7 3.6409Z9E-OZ 1 2 5 11.9504 o. o. 1048, H 27.4932 566,203 550, H7 3,640929E-02 8 2 !I 11.9045 o. c. 1048.88 27.5991 566,092 550.411 3.6071l90E-02 9 2 5 11.9045 o. o, 1048,88 27.5991 566.092 550.411 3o607890E-02 1 3 5 3lt.5722 o. o. 1048.34 9. 50343 662.!181 550. H8 oZ08022 2 3 5 34.5722 o. v. 1048 0 34 9.50343 66Z,B81 550.348 .Z080ZZ 3 3 5 37.2273 o. o. 10lt8 .14 8.82563 674.179 550.325 0 228115 4 3 5 31.101t7 o. o. 1047.40 10.5629 61o7,8lt9 550.238 .1&1530 5 3 5 28.95Q7 o. o. 1047.14 ll.H52 638,634 550.207 o165Z29 6 3 5 29,5727 o. c. 1047.21 11oll01 6ltlo 267 550.216 .169887 1 3 5 29.5727 t'o J. 1047.21 llo1101 641.267 550.216 .169887 8 3 5 29.4717 o. o. 1047.65 11o1481 61,0,933 550.268 .169203 9 3 5 29. lt717 o. o. 1047.65 llo1481 640.933 550.268 .169203 1 4 5 46,Clt78 o. o. 1045.lt5 7.13506 711.117 550.009 .294131 2 " 5 46.0478 o. o. 1045.lt5 7.13506 711.117 550.009 ,Z94131 3 4 5 lt9o6318 o. o. 1045olt3 6.61984 726.392 550.008 .32122lt 4 " 5 lt1.3116 o. o. 1045.06 7.95306 690.823 549.964 .258208 5 4 5 38.3982 o. o. 104lto93 8.55650 678.374 549.949 .Z36155 6 4 5 39.2307 o. o. 101t4.97 8.31493 681.931 5t,9,953 .Zlt2456 1 4 5 39.2307 o. o. 1044.97 8,37493 6!11,931 51t9o953 oZ42456 8 4 5 39.1135 o. o. 10lt5 .12 8.40001 681.469 51t9,970 .241611 9 4 5 3Q,1l35 o. o. 1045.12 8.lt0001 681.469 549.970 .2H611 1 5 5 46.04713 o. o. 10lt3.00 lt.76669 759.354 549.671 • 380239 2 5 5 46.~lt7d o. o. 10lt3.00 lt.76669 759,35/o 549.671 .380239 . .; .;,&l~ 



TABLE E-I (continued) 

S~ORE-EVET BENEDETTI-KI~ER-LCRD~ MOD + \'E~ ) 

XAHPLE 1• 3-) 7X7 BWR CLUS ER, LNI ORM INLE VHOCI fr. ss + TRANSIENT 

K J ·U v lo PHS SURE DENSITY ENERGY TEMP (jUAL 
F TIS EC FT/SEC FT/SEC PSI LBM/FT3 BTU/LBM DEG F 

3 5 5 49.6~18 o. o. 1043.00 4,41404 778.605 549.690 o414333 
It 5 5 41.3111'> o. c. 1043.00 5.34327 733.797 549.690 .33 .. 887 
5 5 5 38.3982 o. o. 1043.00 5.76780 718.114 549.690 .307081 
6 5 5 39.2307 o. o. 10 .. 3.00 5.63980 722 0 595 549.690 .315026 
7 5 5 39.2307 o. o. 1043.00 5,63980 722.595 549.690 0 315026 
8 5 5 39ol135 o. o. 1043.00 5,65191 722.006 549.673 .314018 
9 5 5 39,1135 o. o. 1043.00 5.65191 722.006 549.673 .314018 
1 1 6 6.96200 o. o. 1049.45 47.1952 522.800 550.633 o. 
2 1 6 6,96200 o. o. 10 .. 9.45 47.1952 522.800 550.633 o. 
3 1 6 6,96200 o. o. 1048.93 47.1950 522.800 550.561 o. 
4 1 6 6,96200 o. o. 1048.38 47o194i! 522.800 550.485 o. 
5 1 6 6,96200 o. Uo 1046.34 47.1948 522.800 550.479 o. 
6 1 6 6.96200 o. o. 101t8.()3 47.1946 522.800 55Q,H6 o. 
7 1 6 6.96200 o. o. 1048 0 34 47.1948 522.800 550. 4H o. 
8 1 6 6.96200 o. o. 1048.96 47.1950 522.800 550.566 o. 
9 1 ,6 6.9620:1 o. o. 1048.96 47.1950 522.800 550.566 o. 
1 2 6 13.1197 o. o. 1049.45 25.0428 571.380 '550.477 ... 532751E-OZ z 2 6 13.1197 o. o. 1049.45 25.01o26 571.360 550.477 4.532751~-02 3 2 6 13.3379 o. o. 101o6.93 24of:331 572.229 550olol6 4.696193 -02 
4 2 6 12.0572 o. o. 10 .. 8.38 27.2497 566.667 550.353 3.72l102E-OZ 
5 2 6 11.9504 o. o. 1048.34 27.4932 566.203 550. H7 3.640929E-OZ 
6 2 6 llo2021o o. o. 1048.03 29.3289 562.959 550.311 3.07Z709E-02 
7 2 6 11.9504 o. o. 1048.34 27,1t932 5b6.203 550.347 3.640929E-02 N 8 2 6 12.0'H6 o. o. 104a.96 27.1722 566.906 550 ... 21 3, 750171E-02 __. 
9 2 6 12.0916 0 •. o. 10 .. 8.96 27.1722 566.906 550,H1 3. 750171E-02 C> 1 3 6 32.9622 o .. o. 1048.12 9,96761 655.950 550.322 .195762 
2 3 6 32.9622 o •. o. 104~.12 9.96761 655.950 550.322 .195762 
3 3 6 33.5547 o. o. 1047.69 9, H159 658.381 550.Z72 .200162 

" 3 6 29.8791 IJ. o. 1047.25 10.9961 642.583 55o.2zo· ·.172215 
5 3 6 29.5727 o. o. 1047.21 llell01 641.267 550.216 .169887 
6 3 6 27.1t270 o. o. 1046.96 llo 9792 632.051 550.186 .153587 
7 3 6 29.5727 o. o. 1047.21 llell01 641.267 550.216 .169887 
8 3 6 30.0089 o. o. lOH. 72 10.9466 643.243 550.276 .173289 
9 3 6 30.0089 o. o. 1047 0 72 10.9486 643.243 550.276 .173289 
1 It 6 43.8565 o. o. 101t5.H 7.49122 701.755 549.997 .277545 
2 " 6 ·4 3. 8 58 5 o. o. 101t5.31o 7.49122 701.755 H9.997 • 271545 
3 4 6 H.b404 o. o. 1045.21 7.36001 705,051 549,981 .283414 
4 4 6 39.6469 o. o. 1041t.99 8.29701 683.709 549.955 .245606 
5 4 6 39.2307 o. o. 101tlt.97 8.37493 681.931 H9,953 .24ZH6 
6 4 ~ 36.3166 o .. o. 10lolo.61t 9,0ft693 669,481 549.938 .220404 
7 4 6 39.2307 o. o. 104lo.97 6.3H93 661.931 549.953 .242456 
8 It 6 39.6437 o .. o. 1045.15 8.24608 684.590 549.975 .247139 
9 4 6 ~~:-:~~~ o. o. 10it5ol5 6.24608 684.590 549.975 .247139 
1 5 6 0. o. 1043.00 5.01464 747.560 549.672 • 359327 
2 5 6 lo3.8565 o. -o. 101t3.00 5.01484 747.560 549.672 .359327 
3 5 6 44.6404 o. o. 1043.00 4.928 .. 4 751.721 549.690 .366665 
4 5 b 39.6469 o. o. 10ft3.00 5.57790 7Zt;.835 549.690 .318998 
5 5 6 39. 2307' o. c. 1043.00 5.63980 722.595 549.690 .315026 
6 5 6 36.3166 o. 0. 1043.00 6.11462 706,911 549.690 .267220 
7 5 6 39.?.307 o. .0 0 1043.00 5.63960 722.595 549.690 .315026 
8 5 6 39.8437 o. o. 1043.00 5.54361 725.938 549.673 .320989 
9 5 6 39.8437 o. o. 10 .. 3.00 5.54361 725.936 549.673 • 320989 
1 1 7 6.9o2oa o. o. 10 .. 9.40 47.1952 522.800 550.627 o. 
2 1 7 6,96200 o. o. 1049.40 47.1952 522.800 550.627 o. 
3 1 7 6,96200 o. o. 1049.02 47.1951 522.800 550.573 o. 



TABLE E-I (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS P10D 1 VER 2 
EXA11PLt 1• 3-D 7X~ 8WR CLUSTER• UNIFORM INLET VELOCITY, SS + TRANSIENT 

K 1 J u v II PRESSURE DENSITY ENERGY TEP1P QUAL FT/SEC FT/SEC FT /SEC PSI l811/FT3 8TU/LBP1 DEG F 

" 1 7 b.9b200 o. o. 101t8 .3" lt7.191t8 522.800 550.1t79 0. ' 5 1 7 bo9b200 o. o.- 101t8.31t lt7.191t8 522.80(; 550.1t79 o. b 1 7 b.96200 o. o. 101t8 • 3ft it7.191t8 522.800 550.It79 o. 7 1 7 6.96200 o. o. 101t8o52 lt7.191t8 522.800 550.50it o. 8 1 7 6.91>200 o. o. 101t9.1t9 lt7.1953 522.800 550.639 o. 9 1 7 6.96200 o. o. 101t9olt9 lt7.1953 522.800 550.639 o. 1 2 7 13.0263 o. o. 101t9olt0 25.2221t 570. 971t 550.It72 lt.lt61601tE-02 2 2 7 l3o026'i o. o. 101t9.1t0 25.2221t 570.9H 5 50."' 2 ltoltbl601tE-02 3 2 7 13.5512 o. o. 1049.02 21t.21t53 573.156 550.1t27 lt.858550E-02 

" 2 7 11.9501t o. o. 1048.31t 27.1t932 566.203 550.3lt7 3oblt0929E-02 5 2 7 11. 950ft o. o. 101t8.H 27olt932 566.203 5 50. H7 3. 61t0929E-02 6 2 7 11.9501t o. o. 101tS.34 27.1t932 566.203 550. H7 3.61t0929E-02 7 2 7 12.3775 o. o. 101t8.52 26.5ltltlt 568.057 550.369 3.965b21E-02 8 2 7 13.2131 o. o. 101t9.1t9 21t.8658 571.787 550.1t83 lto603898E-02 9 2 7 13.2131 o. o. 101t9o49 21t.8658 571.787 550.It83 lto603898E-02 1 3 7 32.6938 o. o. 1048.08 10.0it91t 65it.791t 550.318 .193719 2 3 7 32.6938 o. o. 101t8.08 10.0it94 65ft. 79ft 550.318 .193719 3 3 7 34.1670 o. o. lOH. 77 9.611>12 bb1o014 550.281 o201t820 4 3 7 29.5727 o. o. 1047.21 11.1101 61t1o267 550.216 .169887 5 3 7 29.5727 o. ~. 1047.21 11oll01 641.21>7 550.216 .169887 6 3 7 29.5727 o. o. 1047.21 11.1101 61t1.267 550.216 .169887 7 3 7' 30.7983 o. o. 101t7.36 10.6679 61t6. 533 550.233 .179201 N 8 3 7 33.2305 o. o. 1048.1!> 9.88711 657.105 550.326 .197805 9 3 7 33.2305 o. o. 101t8olb 9.88711 657.105 550.326 .197805 1 " 7 43.4936 o. o. 1045.32 7.55408 700.194 549.995 .274780 2 4 7 43.4936 o. o. 101t5.32 7.55408 700.194 549.995 oZH780 3 4 7 45.4725 o. o. 101t5.25 7.22534 708.608 H9. 986 .289715 4 4 7 39.2307 o. o. 1041t.97 8.37493 681.931 549.953 o21t2456 5 " 7 39.2307 o. o. 1044.97 8.37493 681.931 549.953 o2421t56 6 4 7 39.2307 o. o. 101t4.97 8. 37493 bBl. 931 549.953 • 242456 7 4 7 40.8955 o. o. 101t5.04 8.03399 689.045 549.962 .255058 8 4 7 44.2234 o. o. 1045.36 7.42941 703.315 549.999 .280309 9 4 7 44.2234 o. o. 1045.36 7.42941 703.315 51t9.999 .280309 1 5 7 43.1t93b o. 0.; 1043.00 5.05872 745.594 549.672 .355842 2 5 1 43.4936 o. o. 1043.00 5.05872 71t5.;91t H9.672 • 355HZ 3 5 1 45.4725 o. o. 1043.00 4.83457 756.202 549.690 • 3H610 4 5 7 39.2307 o. o. 181t3o00 5.1>3980 722.595 549.690 .315026 5 5 7 39.2307 o. o. 1 u.oo 5.63980 722.595 549.690 .315026 6 5 7 39.2307 o. o. 1043.00 5.63980 722.595 549.690 .315026 1 5 7 lt0.8955 o. o. 10U.OO 5.40006 731.557 549.690 .330915 8 5 7 44.2234 o. o. 1043.00 4.97171 749.526 549.672 .362813 9 5 7 44.2234 o. o. 1043.00 4.97171 749.526 51t9o672 .362813 1 1 8 f:o9621JO o. o. 1048.47 47.1946 522.800 550.500 o. 2 1 8 6.96200 o. o. 101t8oit7 47ol91t8 522.800 550.500 o. 3 1 tl ~:~~~gg o. o. 101t8.62 47ol<llt9 522.800 550.518 o. 4 1 6 o. o. 1049.10 H.1951 522.800 550.584 o. 5 1 8 6.96200 o; o. 101t8.88 Ho1950 522.800 550.554 o. 6 1 R 6.96200 o·. o. 1048.96 lt7.1950 522.800 550.566 o. 7 1 8 6.91>200 o. o. 101t9.1t9 Hol9B 522.800 550.639 o. 8 1 6 #>.96200 o. o. 1049.16 47.1951 522.800 550.5<11t o. 9 1 8 6.96200 o. o. 1049.16 47.1951 522.800 550.5<14 o. 1 2 8 10.2228 o. o. 1048.H 32.1392 558.81t2 550.364 2. H06it3E-02 2 2 s 10.2228 o. o. 101t6.H 32.1392 556.81o2 550.36it z. HOt.it3E-OZ 3 2 8 11.3431 o. o. 10~8.62 28.9650 563.652 550.380 3o18101t9E-02 4 2 6 12.3721 o. o. 1049.10 26.5561 568.121> 550olt36 3.963595E-02 



TABLE E-1 (continued) 

SCORE-EVET BENE DE TT 1-K I ~ER·-L ORO S 1'100 1 VE ~ <: 
EXAMPLE 1· 3-D 7X7 BWR 1 CLUS ERt UNIFORM INLET VHO: [T'!i, ss + TRANSIENT 

!( J u v w PRESSURE DENSITY EN ERG,. TEIIP QUAL 
FTISEC FTISEC FT IS E'C PSI LBI'!/FT3 BTU/U.H DEG F 

5 z . 6 11.9045 o • o. 1046.66 21.5991 566.092 5!)0.~11 3.607690E-02 
6 z B 12~09111 o. o. 1048.911 27.1722 566.906 550.1t21 3o75(1171E-02 
1 2 6 13.2131 o. o. 1049,49 24.8658 571.787 550olt83 lto603898E-OZ 
8 2 6 11.6270 o. o. 101t9ol6 28.2577 5Mo95l 550.41tlt 3.398125E-02 
9 2 6 llo6270 o. o. 1049.16 26.2517 5Mo951 550."44 3.398125E-02 
1 3 8 21to6635 o. o. 1047.31 13o3Zl5 620.327 550.228 .132707 
2 3 8 2lto6635 o. o. 1047.31 13.3215 620.327 550.228 .132707 
3 3 8 27.8597 0~ o. 1047.44 llo 7932 6H.OOZ 550.21t3 .1569~7 
4 3 6 30.8145 o. o. 10H.83 10.6623 646.708 550.289 o179ltl7 
5 3 8 29.4717 o. il. 1047.65 llol481 640. 9}3 550.266 ol69Z03 
·6 3 6 30.0089 o. o. 1047.72 10.9466 6~3.243 5 so. 216 .113269 
7 3 8 33.2305 o. o. 1046.16 9.68711 657.lct5 550.326 .197805 
B 3 B ?.8.;6975 o. o. 1047.66 llolt469 637.616 550.295 ol63376 
9 3 6 28 .• 6975 o .• o. lglt7.86 llo ltlt89 637.6"6 550.295 o163376 
1 4 6 32.59211 o. o. 1 H.90 10.0806 653.6Z6 5~9.9~6 .192279 
l ,. 6 32.5926 o. o. 10lt4.90 10.0806 653o6Z8 549.91tll o19Z279 
3 4 8 311.9226 o. o. 10lt5.01 8.89641 672.107 5lt9o958 .225027 
4 4 ij lt0.9366 "· o. 1045.20 8.02550 689.21'2 51t9o981 o255lt31 
5 4 8 39.1135 o. o. 1045.12 8.40001 661o4b9 51t9,970 , 2H611 
6 4 !l 39.8437 o. o. 1045.15 6o2lt608 664.590 549.975 ,Zit71-39 
7 4 6 44.2234 o. o. 1045,36 7.42941 703.315 5lt9,999 oZ60309 
6 4 6 36.0761 o. o. 1045.18 6.62688 677 •. 063 549.978 o233786 

N 9 4 8 38.0761 0 '· o. 1045.18 8o62888 617 •. 0o3 549o978 .233786 
1 5 8 32.5926 o. o. 1043.00 6.63979 666.928 5~9.664 .251852 

N 2 5 6 32.5926 o. o. 1043.00 6.63979 686.928 51t9o66lt .251852 
3 5 8 36,9228 0 •· o. 1043.00 6.0036lt 710 •. 212 549.674 • 29 3107 
4 5 6 40.9388 o. o. 10H,OO 5.38869 731.8:!5 5lt9. 6 73 • 33l'tlt5 
5 5 8 39.1135 0 •· o.· 1043.00 5.65191 722.006 5lt9.673 o3llt018 
6 5 6 39.81t37 o. o. 10H.OO 5o5lt361 725.938 549.673 .320989 
7 5 8 44.2234 0 •· o. 10H.OO 4.97111 749.526 5lt9.67Z .362813 
8 5 8 38.0761 o. o. 1043.00 5.80890 716.450 5lt9o661 o30ltl95 
9 5 8 38.0761 0 •· o. 101o3.00 5. 80890 716.~50 549.661 .304195 
1 1 9 6.96200 o •. o. 1046.47 47o191t8 522.300 550.500 o. ·2 1 9 6.96200 o. o. 101t8olt7 lt7ol9lt8 522.300 550.500 o. 
3 1 9 Oo96200 o •. o. 1046.62 lt7.1949 522.300 550.518 o. ., 

1 9 bo9112CO 0 •· o. 1049,10 lt7o1951 522.3•:i0 550.58lt o. 
5 1 9 bo96200 o. o. 1Clt8,88 47.1950 522.B•:i0 550.554 o. 
6 1 9 bo96200 o. o. 1048.96 lt7o1950 s2z.aGo 550.566 o. 
7 1 9 b,96200 o •. o. 10lt9,t,9 lt7o1953 522.8 1)0 550,639 o. 
8 1 9 1>.96200 o. o. 10lt9o16 't7o1951 522.800 550o59lt o. 
9 1 9 6.96200 o. o. l049ol6 47.1951 522.8•;)0 550.59lt o. 
1 2 9 10.2228 o. o. 10lt8,47 32.1392 558.8~2 550. 36lt Zo33061t3E-02 
2 2 9 10.2228 o. ·o, 1048.1t1 32.1392 5 58. HZ 550.364 2~ 3306lt3E-02 
3 2 9 u. 3431 o. c. l01t8o62 28.9650 563.652 550.380 3o181Clt9E-02 

" 2 9 12.3721 o. o. 1049.10 26.5561 568.1~6 550.436 3.963595E-02 
5 z 9 11.9045 o. o. 1048.88 27.5991 566, D~2 550.411 3o607890E-02 
6 2 -9 12.0916 o. o. 10lt8,96 27.1722 566.9:16 550olt21 3. 750111E-g2 
7 2 q 13.2131 o·. . (). 1049.lt9 24.8656 571.737 550.483 lto603898E- 2 
8 2 9 11.6270 o. o. 1049,16 28.2577 56lt.951 55go4lt4 3o398125E-02 
9 2 9. llo6270 o. o. 1049.16 28.2577 564.951 55 • lt4lt 3o398125E-02 
1 3 9 24.11635 o .. ' c. 1047.31 13o3215 620.327 550.228 .132707 
2 3 9 21to6635 o. ' o. 1047.31 13.3215 620.327 550.228 o132707 
3 3 9 27.8597 o. o. 10itl. 44 11.7932 63lt.002 550.2lt3 .1569lt7 

" 3 9 30.8llt5 o. o. 1047.83 10.61123 646.708 550.289 .179417 
5 3 9 29.4717 o. o. 1047,65 llol481 lllt0o933 550.268 .169203 

:'. 



TABLE E-I (continued) 

SCO~E-EVtT BEHEDETTI-KISER-LORDS HOD 1 VER 2 
EHMPLE 1. 3-D 7X7 BW~ CLUSTER, UNIFORI1: INLET VEL DC ITY, ss + TRANSIENT 

~. J u v li PRESSURE DENSITY ENERGY TEMP QUAL 
FT/SEC FTISEC FT/SH PSI LBI1/FT3 BTU/L811 DEG f 

6 3 9 30.008" o. o. 1047.72 10.9486 643.243 550.276 .173289 
7 3 9 33.2305 o. o. 1048.16 9,88711 657.10~ 550.326 .197805 
f: 3 9 28.6975 o. o. 1047.88 11.4489 637.676 550.295 .163376 
9 3 9 28.6975 o. c. 1047.88 11.4489 637.676 550.295 .163376 
1 4 9 H.592b o. o. 101tlt.90 10.0806 653.628 549,946 .192279 
2 4 9 3Z. 59?.b o. o. 1044.90 10.0806 653.628 51t9,946 .192279 
3 4 9 36.9228 o. o. 1045.01 8.891141 672.107 51t9.958 .ZZ5CI27 
4 4 9 40,9388 o. o. 101t5.2C 8.02550 669.272 549.981 .255431 
5 4 9 39.1135 o. o. 1045.12 8,1t0001 6111.469 549.970 • Zltl611 
6 4 9' 39.8431 o. o. u~~:u 8.24608 684.590 51t9,975 .247139 
~ 4 Q 4.;.zzH o. o. 7o't2941 703.315 549.999 .280309 
8 4 9 38.0761 o. o. 1045.18 11.62888 671.063 549,978 .233786 
q 4 9 3;~.0761 c. o. 1045.18 11.62888 671.063 549,978 .233786 

z 5 9 32.5926 o. o. 1043.00 6.83979 686.928 5 49.664 oZ5185Z 
5 9 32.5926 o. o. 1043.00 6.83979 686.926 549.664 .Z5165Z 

3 5 9 36.92 2:3 o. c. 1043.00 6.00364 710.212 549.674 • 293107 .. 5 9 40.938:3 o. o. 1043.00 5.38669 731.635 51t9.673 • 331445 
5 5 9 39.1135 o. o. 1043.00 5.65191 722.006 549.673 .314018 
6 5 Q 39,8437 o. o. 1043.00 5.54361 725.'H6 51t9,673 • 320989 
1 5 9 H.ZZH o. o. 1043.00 4,97171 749.526 549.672 .362613 

N 
8 5 9 B.076L o. o. 1043.00 5.80890 716.450 549.661 .304195· 
9 5 9 39.076l o. o. 1043.00 5.60890 716.450 549.661 • 304195 

w 



TA3LE E-1 (continued) 

SCORE-EVET B6NEDETT1-<1SER-LORDS KOD t VER 2 
EXA~PLE 1, 3-D H7 BWR CLJSTER, UNIFORK lNLE VE~OCIH, SS +TRANSIENT 

~ 

1 z 
3 
4 
5 
b 
7 
e 
9 

ox 
INCHES 
.50000 
48.000 
lt8,000 
48 .• 000 
.5tJCOO o. 
o. o. 
o. 

DY DZ 
lNCHES INCHES 
• 79400 .79400 
.79400 .H400 
• 73800 .73800 
• 7 38 00 .73800 
.73800 .73800 
.73800 .73800 
• 73800 • 7 3800 
• 79400 .79400 
• 79400 .79400 

X y 
INCHES INCHES o. o. 
lt8.000 .HitOO 
96.000 1.5320 
1tolt.CO z.z1oo 
llo4.50 3oOOSO o. 3.H60 o • lt.lt840 o. 5o27f.O o. 6.0720 

z 
INCHES 
o • 
.79400 
1.5320 
z.2100 
3.0080 
3.7460 
lt.481t0 
5.Z76G 
6.0720 



TABLE E-1 (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS MOD 1 . VE R 2 
EXAMPLE 1, 3-D 7X7 BWR CLUSTER, UNIFORM INLET VELOCITY, ss + TRANSIENT 

•••CHANNEL 1 CYCLE c TIMET c. ITER 0 DELTA TIME .30000E-02 POwER AVEF.AGE 12.000 KWIFT, 
X u PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX FT/SEC PSI L8M/FT3 8TU/L8M DEG F L811/FT2•SEC 8TU/FT2.HR. 
1 b.9b2000 1049.4~2 47.19524 522.8000 550.b335 o. 328.5733 o. 
2 12.201t59 1049.452 26.92053 5b7.1obbb 5!lO.It779 3. 8 3767b8E-02 328.5540 253844.7 3 30.35733 1048.121 10.82289 blt4.B199 550. 322't .17bCOblt 328.5540 468036.3 4 40.33315 101t5.288 8.146005 6flb.7l27 549.9909 .2508775 328.5540 253841t.7 5 40.33315 1043.000 5.4b9l23 7211.b05b 549.b594 .3257485 220.58b9 o. 

•••CHANNEL 2 CYCLE 0 TIMET o. ITER 0 DELTA TIME .30000E-02 POWER AVERAGE 12.000 KW/FT. 
X u PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX FT/SEC PSI L8M/FT3 8TUILBM DEG F LBI1tFT2•sec 8TU/FT2,HR, 
1 bo9b2000 1049.804 47.19539 522.8000 550.6821 o. 32~.5743 o. 
2 13o8bb75 1049,804 23.b93bb 57't.b344 550 .• 5191 5.1019594E-02 328.551t(l 2b2523.2 
3 35.10868 1048.409 9.358200 b65.1908 550.35b1 .2121092 328.5540 lt84037.6 4 4b. 77749 1045.481 7.0237b4 7l't.2377 550.0134 .299b594 328.5540 2b2523.2 
5 It b. 77749 1043.000 4.b89327 7b3.28't6 549.b707 .3872096 219.35!>0 o. 

N •••CHANNEL 3 CYCLE c TIMET (1. ITH 0 DELTA TI11E .30000E-02 POwER AVERAGE 12.000 Kw/FT. 
(.J1 X u PRESSURE DENS lTY ENERGY TE11P QUAL MASS FLUX HE AT FLUX FTISEC PSI L811/FT3 8TU/L811 DEG F L811/FT2•SEC 8TUIFT2.HR, 

1 bo9b2000 1049.139 47.19511 522.8000 550.5901 o. 328.5723 o. 
2 12.4b555 1049.139 26.35b9b 568.5330 5 50."" 14 4.0347374E-02 328.5540 229979.0 3 31.0830b 1047.867 10.57020 b47.8b35 550.2927 .18l't601 328. 55't0 424032.9 4 41.3()378 1045.219 7.954575 b90.8320 549.9827 .2581952 328,551t0 229979.0 
5 ltl.l03 78 1C43.0CO 5.338955 733.8005 549.6727 • 3349302 220.5190 o. 

•••CHANNEL 4 CYCLE 0 TIMET o. ITER 0 DELTA TIME .30000E-02 POWER AVERAGE 12.000 KW/FT. 
X 

F¥ /SEC 
PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX PSI LBM/FT3 BTUIL8M DEG F L8M/FT2•SEC 8TU/FT2.HR. 

1 bo962000 1049.715 47.19535 522.8000 550.b697 o. 328.5Hl o. 
2 13.b8003 1049.715 24.01705 513.8209" 550.5087 4,959b511E-02 328.5540 258183.9 3 34.5721b 1048.337 9.503429 bbZ.8805 550.347b .2080222 328.551t0 lt1b031,C 4 ltb,G4782 1045.446 7.l350b1 711.1170 550.0093 .2941306 328.55't0 258183.9 5 4bo04782 1043.0(10 4.7bbb94 759.3535 549.b710 .3802391 219.1t959 o. 

••*CHANNEL ·5 CYCLE 0 TlMET o. l TER 0 DELTA TIHE .30000E-02 POWER AVERAGE 12.000 KW/FT. 
X u PRESSURE DENSITY ENERGY TEMP QUAL 11ASS FLUX HEAT FLUX 

F TIS EC PSI L8M/FT3 8TUIL8M DEG F LBI1/FT2•SEC BTUIFT2.HR. 
1 6.9(>2000 1049.448 47.19524 522.8000 550.6328 o. 328.5733 o. z 13.119b8 1049.44.8 25.04283 571.3803 550.4775 4e5327506E-02 328.55't0 245lbb.3 3 32. 9b21 7 1048.120 9o9b7b08 b55o949b 550.3222 o1957620 328.5540 lt52035.1 

" 43.85852 1045.341 7.491224 70i.75't8 51t9.9970 • 2 7751t47 328.551t0 2't5lb6.3 5 43.8!>852 1043.:>00 5.0llt840 747.5b00 H9.b1l8 .3593273 219.9435 o. 



TABLE E-I (continued) 

SCORE-EVET 8ENEOETT~-KI¥ER-LuROS MOO 1 HR 2 
EXAMPLE 1, 3-0 7X7 8WR LUS ER, UNIFORM INLET VELOCITY, ss ... TRANSIENT 

•••CHANNEL 6 CYCLE c TIMET G~ ITER 0 DELTA TrHE • 300vOE-·l2 POir'ER AVERAGE 12.000 KW/FT, 

X u PRESSURE DENSITY HIE <:;Y TEMP QUAL MAS~· flUX HEAT FLUX 
FT/SEC PSI L8H/FT3 8 TU /L8 M DEG F L8P1iFT2•SEC 8TU/FT2.HR, 

1 6.962000 1049o't04 47.19522 522.8000 550.6266 o. 32i8. 5731 o. 
2 13.02626. 1049.'>()4 25.2224<t 510.9736 550.1t723 4,46lb03oE·02 3218-5540 242996.6 
3 32.69378 1048.~4 10.04943 654.7945 550.3180 .1937187 328.5~40 448034.8 
4 43.49360 1045 .l-24 7.554078 7QO.l91t4 549.9950 .271t7604 32:8 .. 5540 242996.t: 
5 43.49360 1043,Qr00 5.056722 7'15 ,59lt4 549,6719 .35581",20 220.0220 c. 

... CHANNEL 7 CYCLE 0 TIMET c. IHR 0 OEL TA TIME • 30000E-JZ PO .. ER AVERAGE 12.000 Kw/FT. 

X u PliES SURE DENSITY Er.ERGY TEMP QUH HA:S~ FLUX· HEAT FLUX 
fT /SEC PSI UlM/FT3 BlU/lBH DEG F L B<M •n 2•sEc 8TU/FT2.HR. 

1 6.962000 1048 .... 7't 47.191tbZ 522.8000 5 5t. 4996 o. 3Z:8.57Ci4 o. 
2 1(1.222~4 104~ ... 74 32.13922 5~8.81t1() 550.3637 2. 3306432 E-02 328.551t() 201774.0 
3 24.66347 1047. H3 13.32143 6(0, 32 70 550.2279 .1327070 328.5540 372028.9 
It 32.59259 1044,·~05 10,08064 6~3.6276" 549.91t59 .1922794 328.5540 201774.0 
5 32.59259 104 3. ,)00 6.1:139787 6e6.9ZBZ 549,6639 o2518H6 222.9264 o. 

N •••CHAN"'EL 9• CYCLE 0 TIMET o. ITER ·) DELTA HME • 300QOE-o2 POoER AVERAGE 12.000 KWHT, 

0'1 X u PI< E S S•.R E DENSITY Et;ER.GY TEMP QUAL MAS; FLUX HEAT FLUX 
F TIS EC PSI LBM/FT3 8TUfl8H DEG F L81'1HT2•SEC 8TU/FT2.Hil., 

1 6.962000· 1049, Jl8 47.19506 5<:2. 8000 550.5733 o. 328.5720 o. 
2 13.55124- 1049, as 24.24531 5i'3o15bl 550.4271 4e8585500E.-OZ 328.551t() 223470.1 
3 34.16701. 1047.~68 9.616118 bbl. 0143 550.2810 .2048204 328.5540 412032.0 
4 45.47245o 1045.~45 7.225342 7(18.6081 549.9856 .2897150 328.5540 s~3470.1 5 4~.47245- 1043.::00 4.834566 H6,2019 549,69113 • 3 746096 219.8396. 

... CHANNEL 10 OCLE 0 T:HET c. I rt R 0 DELTA TIME , 30000E-i02 POIIER AVERAGE 12.000 Kili/FT, 
)C u PRE~S-'RE DENSITY E11E RG't' HHP QUAL HAS5 FLUX HEAT FLUX 

FT/SEC PSI LBH/FT3 B>UILU D~G F l81\tfT2•SEC BTU/FT2eHR. 
1 6.962000 1048.~1.7 47.19.464 5~2.8000 550.5038 o. 328.'H05 o. 
2 12.37751 1048.~17 26.54444 5b8 .. 05 74 550.3685 3,9656Z06E-02 3Ho 551t0 199604.4 
3 30.79830 1047.::.59 10.66793 6'tb.5328 5'>0.2332 .1792013 H8.5540 368028.6 
4 40.89548 1045 ,(•41 8.033994 6~~-04lt6 51",9,9617 .2550~80 3~.6. 5540 199604.lt 
5 40.89548 1,04 3. (•00 5o400C62 7Jl.5569 549.6902 .3309146 220.8381 o. 

... ~HANNEL 11 CYCL~ 0 T:HE.T. o. ITER 0 DELTA HME .30000E-OZ P()loiEII AVERAGE 12.000 KW/FT, 
)( u PRESSURE DENSITY EIIEAGY TEI'IP QUAL 11AS-5 FLUX HEAT FLUX 

FT/SEC PSI L8H/FT3 BTUILBM OEG F l81t/FT2•SEC BTU/FTZ.HR. 
1 6.962000 1049,481 1t7o19525 522.8000 550.6376 o. 328.5734 o. 
2 14.61711 1049.~81 22.lt7726 517.7913 550.4812 5.670391t2E-02 328;, 5540 Zlt5166. 3 
3 37.2272E 104B,llt3 8. 8256 30 614.1792 550.3249 .2281152 3Z6.5540 452035.1 
4 49.63175 1045.-lt32 6.619835 7l6o3922 550.0075 .3212239 HS.551t0 245166.3 
5 t,9,6311!J. 1043.000 4olt11t01tl 118.6051 51t9.6902 .4143325 219.0766 o. 



TABLE E-1 (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS MOO l Vt:R'2 
EHIIPLE l. 3-0 7X7 BWP. CLUSTER, UNIFORM INLET VELOCITY, ss + TRANSIENT 

•••CHANNEL 12 CYCLf 0 TIMET c. ITER 0 DElTA TIME o30000E-02 POWER AVERAGE 12.000 KW/FT. 

X u PRESSURE DENSITY EN~RGY TEMP QUAL IUSS FlUX HEAT FlUX 
FT/SEC PSI LBM/FT3 BTU/LBM DEG F LBI1/FT2•SEC BTU/FTZ.HR. 

1 6.962000 10'8.926 Hol9502 522.800() 550.5605 o. 329.5717 o. 
2 13.33793 1048,926 21t.63306 572.2290 550.4161, 1to696193H-C2 328.551t0 219130.9 
3 33.551t71 10'7.691t 9.791591 658.3813 550.2723 .2001620 328.551t0 lt01t031 ... 

" 'tit • 61t0itl 10'5.208 7.36(;013 705.0512 51,9. 9813 o28Hl35 328.551tC 219130.9 
5 t,t,,61t0itl 10"3.000 lt.9281t35 751.7211 51t9.6903 • 3666651 22o.ooH o • 

•••CHANNEL 13 CYCLE 0 TIMET o. ITER 0 DElTA TIME • 30000E-02 POWER AVERAGE 12.000 KW/FT. 

X u PRESSURE DENSUY ENERGY TEMP QUAL MASS FLUX HEAT FLUX 
FT /SEC PSI LBM/FT3 8TU/LSM DEG F LBI1/FT2•SEC 8TUIFT2,HR, 

1 b.9620CO 10'::j.018 ... 1.19506 522.tiOiJO 550.5733 o. 328.5720 o. 
2 13.5!1124 10'9.018 24.24~·31 573.1561 550,4"271 4.858~!;00t-02 32:j,5~1t0 2 2 31t70 ol 
3 34.16701 10'7.768 9, oHlle 661.0143 55v.281C .201tE204 32'3.5!:><t0 ltl2032 .o .. 45,47245 10~5.245 7.22~342 708 .bOEn 549.9856 .28971~0 328.5;40 l2347C.l 
5 45.47245 1~43.0('0 t,,834?M 75b. 21,)19 51t9.691)3 .3746096 219.8396 o. 

N •••CHANML 14 CYCLi:: v TIMET. c. !Tt:R 0 DELTA TIME .3(;000~-02 POwE><. AVE:RAC.E 12.CUu KW/FT. 

-.J X u PRESSURE DEN:>IIY I:NtRI>Y TEMP QUAL MASS FLUX HEAT FLUX 
FT/SEC PSI LBH/FT3 BTUILBM DEG F LaM/FT2•SH BTU/FT2.HR, 

1 6.962000 101t8.617 lt7,191t88 522.8000 550.5182 o. 326.5708 o. 
2 .11.34314 1048.617 26.96499 563.6520 550.3804 3 o1810Jo91E-02 328.5~1tC 2C3943.6 
3 27.85968 101t7.438 11.79317 63tt .0015 550.2425 o15691t70 326.5540 376029.2 
4 36,92280 .1045.011 6.1!98406 672.1065 5lt9.9583 .2250267 328.5540 203943.6 
5 36.92280 1043.000 6.003638 7lG.2116 549.6741 .2931065 221.6711 o. 

... CHANNEL 17 CYCLE 0 T I He T o. ITER 0 DELTA TIME .30000E-OZ POWER AVERAGE 12.00() KW/FT, 

:x u PRESSURE 'DENSITY ENE:RGY TEMP QUAL 11ASS FLUX HEAT FLUX 
FT/SEC PSI L8H/FT3 iiTU/LBM DEG F L61'1/FT2•SEC BTU/FT2,HR. 

1 6.962000 1048.972 47.19504 522.8000 550.5669 o. 328.5118 o. z 13.44459 1048.972 2'to43764 572.6926 550,4218 4o7773713E-02 328.5540 221300.5 
3 33.86087 1047.731 9.7u3058 659.6976 550.2766 .2024912 328.5540 lt(l8031.7 
·4 45.05644 1045.227 7.292055 706.8297 549.9835 .2865643 328. 551t0 221300.5 
5 lt5.0561tlt 104.3. 000 to.il81051 753.9615 51t9.6903 .3706373 219.9228 ·o • 

•••CHANNEL 18 ,CYCLE. 0 TIMET o. ITER 0 DELTA TIME .30000E-02 POWER AVERAGE 12.000 KW/FT, 

X u PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX 
F TIS EC PSI LBM/FT3 BTUILBM DEG F LBPI/FT2•SEC 8 T U IF T 2 • HR , 

1 6,962000 104-8.562 't7o191t86 522.8DOO 550.5101 o. 328.5706 o. 
2 12,48H7 1048,562 26.31745 566,5209 550.3738 4o01t67936E-02 328.5540 201774.(, 
3 31.101t66 1047.396 10.56286 6H.81t93 550.2375 .1815301 328.551t0 372028.9 

" ltl.31164 101t5.059 7.953U62 690,8B3 549.9639 .2582085 328.5540 2017H. 0 
5 41.31161t l01t:3.000 5. 343266 733.7974 549.6902 .3348868 220. 73'11 o. 

> 



TABLE E-1 (continued) 

SCORE-EVET BENEDETTI-KitER-LORDS MOD f VE~ 2 
EXAMPLE l• 3-0 7X7 BWP CtUS ER, UNIFORM INLE YELOC ITY, ss + TRANSIENT 

•••CHANNEL 19 CYCLE 0 HMET o. 1 TER 0 DELTA TIHE .30000E-02 POWER AVERAGE 12.000 KWIFT. 
X u PRESSURE DENS IT'll ENE F:G Y TEMP QUAl 1M ASS FLUX HEAT FLUX 

FT/SEC P31 LBH/FT! IHUllBM DEG F LBMIFT2*SEC BTU/FT2oHR. 
1 6.962000 1 48.)82 47ol91t1tl 5~2.8001) 550.4852 o. 328.5701 o. 
2 12.05717 1048.)82 27.249t:8 5~6.6669 550.3527 3.7221022E-02 328. 55-1.(1 193095.5 
3 29.87911 101t7. z 49 10.99bll 61t2.5832 550.2202 .1722HZ lZB. 55-ItO H6027.6 
It 39o61t689 1044.985 B.2670C6 633.7093 549.9552 • 2456065. 328.55-ltO 193095.5 
5 3Q.61t689 1043.000 5. !i7 79C 2 l'Z4.8353 549.6901 .3189978 221.14-65 o. 

u•CHANNEL 20 CYCLE 0 TiMET o. ITER 0 DElTA TIHE .300~0E-02 POWER AVERAGE 12.000 K.WIFT • 
X u PRESSURE DENSIH E'IEI!GY TEMP QUAL russ FLUX HEAT fLUX 

FTISEC PSI LBM/FT;. EfU!LBI\ DEG F LBH/FT2•SEC BT.U I F T 2 • HR • 
1 6.962000 10toB.B7 47.19476 !22.8.;)00' 550.4790 o. 328.5699 o. 
2 11.95031 1048.337 27.4930:2 ~f>6. 2034 550.H75 3.64Ci92CJ4E-02 328.554(1 190qjt5.9 
3 29.5726" 10H.~l2' llolH06 E.oftl, 2667 550.2159 .1696866 328.5~40 352027.3 4 39.23061) 1044 .·~6 t tlo3749G:9 681.9307 549.9530 .2424560 328.5540 190925.9 
5 39.2306b 1043.·)00 5.639803 IZ2,'Hit8 51t9. 6901 .3150255 221.2532 o. 

•••CriANNEL 21 CYCLE () TUIET o. ITER 0 DELTA T.l HE o30QOOE-02 POWER AVERAGE 12.000 KWIF.T .• 
N 

PRES~JRE. DENSlT~ ENE <GY TEMP QUAL MASS FLUX HEAT FLUX __. ( u 
00 FT /SEC PSI L8H/FTJ fHUHBII DEG f L811/Ft2•SEC BTU/FT2.HR. 

1 6.962000 1049,:>95- 47.19509 ~2. ~000 550.581t0 o. 328.5l22 o. z 12.37207 1049,;)95- 26.556:!2 5o6t1.1263 550.4363 3.9635952E-02 328.5~40 227809 ... 
3 30.8145) 1047,S3Z 10.66210 e:i46.7084 550,28a5 .179H72 328,5~48 ~~~~&~:~ " 40.93877 1045.202 8,02~499 r.89.Z116 549,9807 .25~4311 328.5~/t 
5 40.93877 1043.000 5.388694 "3Lo8348 549o6728 o3314449 220.6C65 o. 

•••CHANNEL 25 CYCLE 0 TIMET o. ITER 0 DELTA ll11E o30000E-02 POWE~. AVERAGE 12 .ooo KWIFT • 
X u PRESSURE DENS IT( ENERGY TEIIP QUAL MASS FLUX HEAT FLUX 

FT/SEC PSI lBM/FT:I eTU/L8M DEG F LBH/FT2•SEC BTU/FT 2 • HR. 
1 6,96200:> 1048.248 47.19473 nz.aooo 550.4667 o. 328.5697 o. 
2 11.7367:3 10itB.24e 27.993•J7 :65 .. 2764 55().3370 3 I 4 7858 HE-02 328.5540 186586,7 
3 28.95913 1041.13<; 11.34521 t38.,6336 550,20H ol652291t 328.5540 344026.7 
4 38.39816 1041t.'93C· 8.5565)3 t7tl .• 3736 549,91tB7 .2361B2 3Z8.5HO 1A6586,7 
5 3!1.39816 H43.00C 5.767an H8ol136 51t9,6900 .3070810 221.4730 o • 

U•CHANNEL 26 CYCLE (. Tl11ET o. ITER 0 DElTA TIME • 30000E-02 POWEI': AVERAGE 12.000 K\1/fT, 
X u PRES$-URE DENS ITt ~NERGY TE11P QUAl HASS FLUX HEAT FLUX 

F TIS EC PSI LB11/FT3 :TU1/LBI1 DEG F LBI11FT2•SEC BTU/FT2oHR, 
1 6.962000 1C48,33i 47.19476 :·22. 80uo 550.H90 a. 328,5e.99 o. 
2 u. 95031 101t8,33i' 27.49322 :66 .• 2034 550.347!i 3,640929/tE-02 328.5S40 . ~~~gB:~ 3 29.57267 1047.212 llollO:l6 ~4l .• Z667 550.2159 .1698866 328.5540 
4 39.23066 1044,.961 B. 371t929 581..9307 549.9530 .242'1560 328.5HO 190925.9 
5 39.23066 1043.000 5.639803 :22. 591t8 549.6901 .3150255 221.2532 a. 



TABLE E-I (continued)' 

SCORE-EVET BENEDETTI-KISER-LORDS IIOD 1 VER 2 
EXAMPLE 1· 3-0 7X7 3WR CLUSTER• UNIFORM INLET VELOCITY, ss + TRANSIENT 

•••CHANNEL Z7 CYCLE 0 TIMET o. ITER 0 DELTA TII!E .30000E-02 POWER AVERAGE 12.000 KW/FT. 

X u PRESSURE DENSITY ENERGY TEMP QUAL IUSS FLUX HEAT FLUX 
FTISEC PSI LBM/FT3 BTU/LBM D EG F LBM/FT2•SEC BTU/fT2,HR, 

1 6.962000 l.Oit8,337 lt7o19't7t 522.800D 5 50. 't790 o. 328.5699 o. 
2 11.95037 101t8.337 27.49322 5b6.2034 550, H75 3.640929H-02 328.551t0 190925.9 
3 29.57267 1047.212 llol100E· 6H, 2667 550.2159 .1698866 328.551t0 352027.3 
It 39.23066 101t't,967 &.374429 61!1.9307 5't9.9530 .2lt24560 32Be55lt0 190925.9 
5 39.23066 1043.000 5.63980;. 722.591t8 5119.6901 .315;}255 221.2532 o. 

•••CHL\NNEL ~8 CYCLE 0 TIMET o. ITER 0 DELTA TillE .30000E-02 POWER AVERAGE 12.000 KW/FT, 

X u iPRESSURE DENS I fY ENERGY TEMP QUAL MASS FLUX HEAT FLUX 
FTISEC PSI LBM/FT3 BTUILBM D EG F LBM/FT2•SEC BTU/fT2,HR, 

1 6.9620·)0 1048.677 47.195DO 522.6000 550,5539 o. 328.5716 o. 
2 llo90lt51 10lt8,1877 27.59911 5bb.0925 550.4107 3.6078900E-02 3Z8,5~1t0 216961o3 
3 29,1t7170 10lt7 ,,b52 llollt8H b40.9326 55(1,2675 .1692029 328.55lt0 1,00031.1 
It 39.11351 1045.115 t!,40C.Oll 681. 4b91t 549,H05 .21t16106 328.55110 Zl6961.3 
5 39.11351 101t3.000 5.651905 7Z2.0062 549,673lt • 3llt0181t 221.0659 o. 

N •••CHANNEL 33 C YC L t 0 TIMET c. ITER 0 DELTA TIME o30000E-02 POWER AVEUGE 12.000 K w/F T, 
1.0 X u PRESSURE DENSITY ENERGY TEMP QUAL MASS fLU)( HEAT FLUX 

FT/SEC PSI L8M/FT3 BTU/LBII DEG F LBII/FT2•SEC BTU/ FT 2, HR, 
1 6.962000 1048.026 47.1946J 5Z2. 8000 550.4364 o. 328.5690 o. 
2 11. 2(J241 1048.021> 29.32881) 562.9568 550.3112 3.0727090E-02 328.551t0 175738.6 
3 27.42b<H 1041>.956 11.97923 1>32.0510 550.1860 ,[535873 328.5540 3Zlt025. 2 
4 36.31665 1044.831! 9.0lt6926 669.'t808 549.9379 .220403:5 328.55lt0 175738.6 
5 3b.31b65 1043.000 6.11462? 706.9105 549.b699 .2872198 222.0626 o. 

•••CHANNEL 34 OCLE 0 TIIIET o. ITER 0 DELTA TIME ,30000E-02 POWER AVERAGE 12.000 KW/fT, 

X u PRESSURE DENSITY ENERGY TEIIP OUAL MASS FLUX HEAT FLUX 
FT/SEC PSI L8M/FT3 BTUIL8M DEG F L8M/FTZ•SEC BTUIFT2,HR, 

1 6.962000 1048,337 47.1947~ 522.8000 550.4790 o. 328.5699 o. z 11.95037 1046.337 27.4932Z 566.20 3lt 550.3475 3.b<lt0929ltE-02 3Z8,55lt0 190925.9 
3 29.57267 1047.212 11.110u~ 641.2667 550.2159 .1698866 328,55lt0 352027.3 

" 39.23066 1044.967 8.374929 681.9307 549,9530 .2lt24560 328.5~lt0 190925.9 
5 39.23061> 1043.000 5.639603 722. 594tl 549,6901 .3150255 221.2532 o. 

••*CI'ANNEL 35 CYCLE 0 TillE T o. ITER 0 DELTA TillE .30000E-02 POWER AVERAGE 12.000 KW/FT, 

X u PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HE AT FLUX 
FT/SEC PSI L81\/FT3 8TUILSM DEG F L81'1/FT2•SEC BTUIFT2,HR, 

1 6o9620CO 1048 •. 964 47.1950•3 522.6000 550.5659 o. 328.5718 o. 
2 12.09156 1048.96lt 27.17217 566.9060 550.4209 3. 7501711E-02 328.55<110 221300.5 
3 30.00889 10lt7.721t 10.94!!56 643.2<t29 550.2759 .1732885 328.5540 lt0t1031.7 
4 39.84365 1045.150 8.246082 684.5903 549.97't6 .2471388 328.5540 221300.5 
5 39,8U65 10lt3.000 5.5436117 7.25 .•n 11 549.6732 .320~890 220.8776 o. 



TABLE E-1 (continued) 

SCORE-EVET BENEDETTI-Kl~~~-LGRDS -~OD 1 ,'ER 2 
EXA~PLE 1, 3;_D 7K7 BWR C~UST Ri UNIFORM INLET VE. OC ITY, ss + TRANSIENT 

••oi<CHANNEL 41 CYCLE 0 TIMET c. 1 rER j DELTA TIHE .30000E-02 POWER AVERAGE 12.000 KW/FT. 
)( u PP.ESSIJRE DENSITY H.ER:C>Y TEMP OUAL HASS FLUX HEAT FLUX 

FT/SEC PSI LBH/FT3 BrUfLBI1 DEG F LBH/FTl*SEC BTU/FTZ.HR. 
1 6.962000. 101t8.H7. lt7. 19484 5 ~-2. 8000 550.5038 o. 3l8.57Q5 o. 
2 12.37751 1048,H7 26.5444~ 556 .057't 550.3685 3.9656ZObE-02 328.55't0 19960it.4 
3 30.79830 1047.359 10.66793 6;6.53Zl! 550.2332 .1792013 328.55't0 3118028.6 
4 40. 8951t8 1045 .•J41 8.033994 6:9.0448 549.9617 .2550580 328.55't0 19960ltolt 
5 40.8951t8 1043o•JOO 5.400()62 7:-1. 5569 51o9.6902 .3309146 220.831!1 o. 

***CHANNEL 42 CYCLE 0 T lHET o. ITER •) DELTA TII'IE .30000E-02 POWER AVERAGE 12.000 KW/FT. 
X u PRESSIJRE DENSITY. e;·~E R6Y TEI'IP OUo\L f'IASS FLUX HEAT FLUX 

FT/SEC PSI_ LBH/FT3 81UfLBM OEG F LB~'~IFn•sec 8 TU/FT2 • HR. 
l 6.962000 101t9.193 lt7.19~26 5 ~-2. 8000 550.6389 o. 328.57Jlt o. z 13.21309 1049.193 Zit. 8657'1 5il.787l 550.4827 4.-b038983E-02 H8.5~'t0 247335.9 
3 33.23055 1C48.L!I6 9.!167l0ii 6: 7 .1.)48 550.3265 .1978052 328.55<t0 456035.lt 

" 44.2231t4 104,5.359 7.42940'1 N3.3l52 549.9991 .280308~ . 328. 55't0 2H335. 9 
5 44.22344 1043.00Co 4.971711 7-09.52:56 549.6717 .3628l26 219.86•2 o. 

N ***CHANNEL 49 CYCLE 0 TI HET o. 1 TER 0 DELTA Tli'IE .30000E-02 POWER AVERAGE 12:.000 KW/FT. 
N 

PRESSURE DENSITY H."fR.(;Y TE11P HASS HEAT FLUX 0 X u OUo\L FLUX 
FTISEC PSI LBI'I/FT3 BIU/t.BI'I OEG F L811/FTz•sEc BTU I FT Z. HR • 

1 6.962000 1C.49.L62 47•19512 5.:2.8000 550.5931 o. 328.5n~t o. 
2 11.62705 1Cit9. L62 28.25773 5·:4.'9509 550.4442 3. 3981251E-02 328.55<t0 238657.1t 
3 28.69753 l!'-47.363 ll.41o886 b; 7 o•b76Z 550.2~46 .1b33757 3Z8.55<t0 44003lt. z 
It 36.07610 1C45.176 Bo628tH9 bH.Ob32 ''>49. 9777 .2337855 328.55 .. 0 238657.1t 
5 38.07610 1043.•)00 5.808895 U6olt502 51t9.b608 • 301tlq51t 221.1801 o. 



TABLE E-1 (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS MOO 1 V~R 2 
EkAMPLE l• 3-0 7X7 BW~ CLUSTER• UNIFORM INLET VELOCITY• SS + TRANSIENT 

FUEL ROO l TEMPEUTURE DISTRIBUTIGN I DEGREES F .) WHICH IS IN CHANNELISI 1· 0•· o. o. 
• • • • • • • • • •· • • • • • • • • • • • • • • R A 0 I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVeL o.ooooo IN .0950b IN .15300 IN .242b3 IN .25350 IN .2b150 IN .2B150 IN MODE 

1 228E,.9 2009.7 1bbCI.5 1284.2 CIOb.b bZ8.9 5bb.3 2 
2 375<:.1 3237.5 2blO.l ltlCICi.7 1203.5 bCil.5 57b.O z 
3 230C•.4 2021. 3 1bt!l.O l2Ci5.7 CilB.l b40.4 577 .s z 

FUEL ROO z TE11PE~ATURE DISTRIBUTION I DEGREES F WHICH IS IN CHANNELl S I 2. o. o. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R o\ lJ I A L p 0 s I T I 0 N s •••••••••••••••••••••••.••••••••• 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL O.OCOC•O IN' .OCI50b IN .15300 IN .242b3 IN • 2 5 350 IN .2bl50 IN .28150 IN II ODE 

1 234E.O 205Ci.4 1707.5 130Ci.O Ci18.5 b31.3 5bb.6 z 
2 504~.1 4511.Ci 38b3.1 312 8. 4 2408.3 1876.8 l75Ci.4 9 
3 23bc.5 2073.6 1721.'1 132 3. 4 932.9 b45.7 581.0 2 

N 
N __. FUEL ROO 3 TEMPEIIATURE DISTRIBUTION IO:GREES F WHICH IS IN CHANNELISI 3. o. o. o. 

• • ,· • • • • • • • • • • • • • • • • • • • • • R ... 0 I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL ;:uEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ocoao IN .0950b IN ·.15 300 IN .242b3 IN • 25350 IN .2bl50 IN .28150 HI II ODE 

1 212t.l 1873.2 15b5.0 1215.Ci 673.8 b2 2. z· 5b5.5 2 
2 345!;.8 298Ci.5 2421.2 1777.5 ll4b.8 ba2.9 578.3 2 
3 2131.0 1884.1 1575.8 l22b.8 884.7 b33ol 5 7b. 3 z 

FUEL ROO 4 TEMPERATURE DISTRIBUTION IO:OGRE~S F WHICH IS IN CHANNELISI 4. o. o. o. 
•••••••••••••••••••••••• k l 0 1 A L ·p 0 s I T I 0 N s •••••••••••••• ~················· AXIAL FUEL FUEL =uEL FUEL FUEL CLADDING CLADDING HEAT TRANS 

LEVEL O.OC·OCO. IN .OCI50b IN .15300 IN .Z42b3 IN .25350 IN .2b150 IN • 28150 IN II ODE 

1 2318.5 2034.b 1b68.5 l29b.b 'H2.5 b30.1 5bb ... 2 
2 4Ci84o.2 44b0.7 3822 •. 7 3100.1 2392.0 1671. 2 1753.8 ._ 
3 2332.4 2048.5 1702.5 lHO.b q2b.5 blt4.1 580.4 2 

FUE!L ROD 5 TEMPERATURE DISTRIBUTION ID':GRHS F WHICH IS IN CHANNELIS I 5. o, o. o. 
•••• •· ••••••••••••••••••• R. l 0 L A L I' 0 s I T I 0 N s •••••••••••••••••••••••• ~ ••••••• 

AXIAL FUEL FUEL fUEL FUEL FUEL . CLADDING LAODING HEAT TUNS 
LEVEL o.ooooo IN .OCI50b IN .1~ 300 Ul .242b3 IN • 25 350 IN .2bl50 IN .Z8150 IN ~!ODE 

1 222Q.7 1CibO.l 1b31.5 125q.4 aq4.7 62b.5 56b.C z 
2 3f:55.7 3158.6 2552.7 18bb.b 1H4.Z bCIC1.1 586.2 z 
3 2242.3 1972.7 1b44e1 1212.0 907.3 b39.l 578.6 2 



N 
N 
N 

TABLE E-I (continued) 

SCO~E-EV~T BENEDETTI-KISER-LORDS MOD 1 VE~ 2 
EXAMPLE 1• 3-D 7X7 RWR CLUSTER, UNIFORM INLET VELU:ITY, SS + TRANSIENT 

FUEL 

FUEL 

FUEL 

FUEL 

FUEL 

ROD 6 

AXIAL 
LEVEL 

1 
2 
3 

ROD 7 

AXIAL 
LEVEL 

1 
2 
3 

ROD 8 

AXIAL 
LEVEL 

1 
2 
3 

ROO 9 

AXIAL 
LEVEL 

1 
2 
3 

ROD 10 

AXIAL 
LEVEL 

1 
2 
3 

TEMPERATURE IH STR I BUll ON I DE·:JREES F 

••••••••••• ~ •••••••••••• R. A ll I A L 
FUEL FUEL FJEL 

0 •. ooooo IN • 095 06 IN .15 300 IN 

2214.9 l947.'i 1622.0 
3627.2 3134.~ 253't.O 
2227.3 1960,1 16 34. 4 

TEMPERATURE :ISTRIBU.TION ICtGRE:ES F 

• • • • • • • • • • • • • • .. • • • • .~. • • • • R A. D I· A L 
FUEL FuEL· FUEL 

o.ooooo IN • 09506 'IN .15300 IN 

193::..7 l711.3 l4U.4 
3094,0 2684.·~ 2186.2 
1 Q·3 7. 3 l715,·o 1445.0 

TEMPERATURE OISTRIBUriON I DEGREES ~ 

• • • • • • • ' • • • • • • • • • • • • • • • • R A D 'I 'A L 
FUEL. FUEL FUEL 

o.ocooo [·N .·09501> IN .15 300 IN 

2081.7 '183/6,::> ' 15 36.4 
3386.8, 2933.7 2381.4 
209-'t,O "'· '1848.3 1541le8 

TEM.PERATURE HSTRIBUTION IDi:GREES F 

• • ~ ·• • • • • • • • • • • • • • • • • • • • • R ll D I A l 
FU~L FUEL FUEL 

·o. ooo'oo IN .0950a IN -15300 rr-, 
1916,9 l6q9 ··4 ' 1431.9· 
3072.3 266 7.6 2174.3 
1928.5 1709.·0 lit ltl. 4 

rEMPERATURE OISTRIBLTION IOO:GREES f 

•••••••••• t• ••••••••••••• R. ' ·D I A l 
=uEL 
.15300 Ill 

FUFL FUEL o.bcooo IN .0950f IN 

2229.7 
4750.2 
2243.8 

19b0.1 
lt253.1 
1974.2 

16 31. 5 
3647.2 
161t5,6 

• 

I 

~HlCti IS iN CHANNEUSI 6, o. Oi o. 
p 0 s I T I 0 N s •..•. ..•.....................••. 

FUEL FUEL CLADDING CLADDING 
.l4263 IN .25350 IN .26150 IN .Z8HO IN 

1253.1 891.7 625.9 565.9 
1853.9 lltH.4 697.3 58t.,8 
l265,5 904o1 638.2 578.3 

WH I: H· IS IN CHANNELCSl 7. ;,, o. o. 
p 0 s I T I 0 N s ••••••••••••••••••••••••••• · •.••• 

FUEL FUEL CLADDING CLADDING 
.24263 IN .25350 IN .26150 IN e28HO IN 

1135.1 834,9 ·6llt,2 56-..4 
11>21.5• 1068.1 ·~61.1 56~.4 
1138.7 838.6 &17.8 56~.1 

\o'Hl·C H IS IN CHANNEL lSI q, o. o. o, 
F 0 s I .T I 0 N S··~••••••••••·····•••••••••••••••• FUEL FUEL CLADDING CLAD)ING 

.2't263 .IN .25350 IN .,26150 IN • 281-50 IN 

1197.2 864.8 620.4 565. i 
1756.C 1143.1 •!192 .4 590.7 
1209,f 871.1 -632.7 5n.6 

IIH ~C H I,S IN CHANNEL ( S I 10, o, o, o. 
p 0 S .I 1 I 0 N s ••••••..••••.••••....••••••. ,.i~. 

FUEL FUEL CLADDING CLADDING 
• 2 42 63 IN .25350 IN oZ615.0 IN ·.28150 IN 

1.128,9 8 32 .o ' 61.3. 6 5blt.lt 
1615.~ 1068.2 665.6 51!1t,9 
1138.5' 841.5 '623.2 5H,9 

~H[CH IS IN CHANNELISI 11, o, o, o, 
P 0 S I T l 0 N S•••••••••••••••••••••••••••••••• 

FUEL FUEL CLADDING CLACDING 
.21t263 IH .25350 IN .26150 IN .28150 IN 

1259 ... 
2961.1 
1213.5 

894.7 
2288.7 

908.8 

626.5 
1794.2 

61t0.6 

5f·6o0 
16E·Z· 6 

5&0.1 

HEAT TRANS 
MODE 

2 
2 
2 

HEAT TRANS 
M.ODE 

2 
2 
2 

HEAT TRANS 
II ODE 

l ~ : .,. 

2 
2 
2 

HEAT TRANS 
1100E 

2 
2 
2 

HEAT TRANS 
II ODE 

2 
9 
3 



TABLE E-1 (continued) 

SCORE-EVET RE~EDETTI-KISER-LORDS HOU 1 VER 2 
EX.HPLE 1, 3-0 7X7 BWP CLUSTER, UNIFORM INLET VELOCITY, SS + TRANSIENT 

FUEL ROD 11 TEPIPEPATURE DISTRIBUTION ID~GREi:S F I lotHCH IS IN CHANNELCSl 12• Ot O, o, 
• • • • • ,. • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N FOeL·········cLlooiN6'''''ctlooiNG AXIAL FUEL FUEL fUEL FUEL 

LEVEL o.ocooo IN ,09506 IN • 15 300 IN I Zlt2 63 IN .25350 IN .26150 IN .28150 IN 
HEAT TRANS 

1100E 

1 2052.1 1811.2 1517.4 11tllt,8 858.Q 6l9ol ~-65 .1 
2 3329·.8 2885.5 231t<t,O 1130.7 1129.7 667.7 58ii.O 
3 2064.0 1823.0 1529.3 1196.7 870.7 631.0 _576.9 

' 

2 
z z 

FUEL ROD 12 TEPIPER.ATURt DISTRIBUTION IDEGRElS F ~·HI C H IS IN CHANNELCSI 13. o. o, o, 
• • • • • • • • • • • • • • • • • • • • • • • • R .. D I A L p 0 s I T I 0 N s ••••••••••••••••••••••••• 41 •••••• 

AXIAL FUH FUEL fUtL FUEL FUEL CLADDING CLADDING 
LEVEL o.ooooo IN ,09506 IN .15300 Itt .Zit263 IN .25350 IN .26150 IN .28150 IN 

HEAT TRANS 
PI ODE 

1 2081.7 1836.0 15 36.4 1197.2 861t.~ 62C,It 565,Z 
2 3386,8 2933.7 2381.4 1756.0 1143.1 692,1t 590.7 

N 
3 2094.0 1848.3 1548.8 1209.6 87.7.1 632.7 577.6 

z 
2 
2 

N 
w 

FUEIL ROO 13 HMPER:ATURE DISTRIBUTION I DEGREES F wHICH IS IN CHANNEL IS I lit• o. o. o. 

• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s 1 T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEL FUEL FUt:L CLADDING CLADDING 
LEVEL 0.0(:00(1 IN .09506 IN .15 3(10 IN .24263 IN .25350 IN .26150 IN .Z8150 IN 

HEAT TRANS 
PI ODE 

1 1948.5 1724.2 1450.9 llltlo3 837.9 6llt,8 564.5 
2 3121.2 2707.7 22(13.7 1633.0 1073.6 6b2.Z 569.5 
3 1955.9 1731.1 1458.3 1148.7 845.4 622.3 572.0 

z 
2 
2 

FUEL ROD 14 TEPIPEIHTURE DISTR.IBUTION ID:GREES F WHICH IS IN CHANNEl lSI 17. o, o, o,-
•••••••••••••••••••••••• k ~ 0 I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUH FUEL =uEL FUEL FUEL CLAODING CLADDING 
LEVEL o.oooco IN .09506 IN .15 300 IN .24263 IN .25350 IN .26150 IN .28150 IN 

HEAT TRANS 
1100E 

1 206t.9 1823.6 1526o9 1191.0 861.3 619.7 565.2 
2 335E, 3 2909.6 2362.7 l71t3. 4 1U6oft 6qo.o 589.1t 
3 207<;. 0 1835.7 15 39. 0 1203.1 873.9 631.8 577.3 

2 
2 
2 

FUEL ROD 15 TE11PEHTURE DISTRIBUTION I DEGREES F wHICH IS IN CHANNEL($) 18. o. o, o. 
•••••••••••••••••••••••• k 1\ D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUfL FUEL FUEL FUH FUEL CLADDING CLADDING 
LEVEL o.oooco IN .09506 IN .1:> 300 IN .21t263 IN ~25350 IN . .26150 IN .28150 IN 

HEAT TRANS 
II ODE 

1 19 3 :; .• 1 1111.8 l441.1t 1135.1 635.() 6llt,Z 561to4 z 
2 310].0 2691.9 2193,3 162 8. 6 1075.2 668,2 576,1t 
3 194!,5 1721.7 1451.2 1144.9 81t4.-:l 621t,l 57to.3 

2 
2 



TABLE E-: (continued) 

SCORE-EVET BENEDETTl-KlSER-LORDS MOO 1 VER 2 
EXAMPLE 11 3-D 7X7 BWR :LUSTER• UNIFORM INLET VELCCITY1 SS + TRANSIENT 

FUEL ROD 16 TEMPERATURE (•ISTRIBU!ION tDt:GREES F • wHICH IS IN CHANNELl St 19, o, o. o. 
• • • • • • • • • • • .. • • • • • • • • • • '·' R A D· I A L p 0 s I T I 0 N S. • • • • • • • • • • • • • • • • • • • • • • • • • • • • •. • • • 

A x"l A L FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL a.ooooo IN .09506 IN .15300 IN .2't263 IN .25350 IN .2!1150 IN .28150 IN 

HEAT TUNS 
IIOOE 

1 1B7C..5 1662.1 1it03. 3. 1110.2. BZJ,·J !Ill, B 56~.1 
2 2986.1 Z59it, ·) 2117.4 1577.0 lOH,ft !1~7.9 57(1.1 

2 
2 

3 1883.2 l 6 70. ~ 1412.1 1119.(); 8 31.7 !iZO.~ 572.9 z 

FUEL ROD 17 1fi1PHATURE OlSTRI8UriCN I 0 EGR EE"S F I 1o HI C H IS IN CHANN!:LISl 20. o. o. (), 

••••••••••• I •••••••••••• R A D I A L p 0 s I T I 0 N s .................................. 
HEA"T AXIAL FUEL FUEL FUil FUEL FUEL CLADDING CLADDING TRANS 

LEVEL C·.OGOCC "IN' .09506 IN .15300 !N1 olit263 IN .25350 IN o2bl50 IN ,28150 IN II ODE 

1 185<1.7 16 to9. r 1393.8 llOit. 0 aza.;, f>llol 564.0 2 
2 2957.7 2570.:. 2098.8 156it.lo lOitO.B b55.7 568.8 2 
3 1868.1 1658.~ lio02 .3 1112.5· 826.4 bl9.6 572.5 2 

N 
N 
.+::> 

FUEL ROD 16 TEMPERATURE OISTRIBUUON I DEGREES F .HICH ·IS [N CHANNELCSI 21• o. o. o • 

••••• : •••••••.•••••••••••• R. A D 1 A L. ·O S., I T [ 0 N s . •..•.....••.•...•......•.....•• 
AXIAL FUEL FUEL FUEL FUEL FUEL CLolDDING CLADDING HEA·T TRAN:S 
LEVEL c.ooooo IN .09506 IN .15 300 [~ , 2.it263 IN .25350 IN .26150 IN .26150 IN MODE 

l 2111.3 1860.3 1555.5 l.Z09. 7: 870.8 b21.6 565,t, 2 
2 3427.2 Z965.3 2402.3 1764.7 1139.9 b80oio 576.8 2 
3 2121.9 18 7lo; 1566.1 1220.3 881.4 b3Zo2 5 76 .o 2 

FUEL ROD 19 lEI'IP ERA TUR E OISTRIBUUON I DEGREES F ~·HI C H IS IN CHA.NNELI S I 25; o. o. o. 

••••:•••••••·••••••••••••R A D 1 A L. F 0 s 1 T I 0 N s •••••••••••••••••••••••••••••••• 
AJI.IA L FUEL FUEL FUCL ·FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL c-.ooooo IN .09506 IN .15 3CO IN ,l4263 [N .25350 IN • Zbl50 IN .28150 IN MODE 

1 l 1e3o.1 162". 9 13H,S 1091.6 81to.O b09,9 563.9 z 
2 2903.2 2524.9 2063.8 151tlo6 1029.8 653.5 568,6 z 
3 1837.9 1632.1 1382.6 1099olt 821.9 617.7 571 .• 7 2 

FUEL ROD 20 lE11PERATURE DISTRIBUTION I DEGREES F lo!HIC H IS IN CHANNELCSI 26, o, o. o. .......................... ~ A D l A L. F· 0· s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN ,(19506 IN .15300 lN olit263 IN .25350 IN .2bl50 IN .2t1150 IN "ODE 

1 1859.7 1649.1 1393.8 uo~o.o 820.0 611.1 561to0 z 
l 2957.7 Z570,b 2098.~ 156it.lt 1040.8 b55.7 568,8 2 
3 1868.1 165 8.;! 1402.3 1112.5 !)28.1t 619.6 5 72.5 z 



TABLE E-I (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS MOO L· VER Z 
EXAMPLE 1, 3-D 7X7 BWR CLUSTER, UNIFORM INLET VELOCITY, SS + TRANSIENT 

FUEL ROO 21 TEMPERATURE DISTRIBUTION ID~C-RHS F I WHICH IS IN CHANNELl S I 27, o, o, o, 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL fUEL FUEL FUEL CLADDING CLADDING 
lEVEL o.ooooo IN .0950b IN .15 300 IN .Z42b3 IN .25350 lN .ZbUO IN .28150 IN 

HEAT TRANS 
MODE 

1 1859.7 1b49.7 1393.8 110 4. 0 azo.o bllol 5b4o0 
2 2 957.7 Z510ob <.098. 8 15b4.4 101t0.8 655.7 568.8 
3 1868.1 lb58.2 1402.3 1llZ. 5 828.4 619.6 572.5 

2 
2 
2 

FUEL ROD 22 TEMPERATURE !DISTRIBUTION ID~GREES F WHICH IS IN CHANNELISI z a, o, o, o, 

• • • • • • • • • • • • • • • • • • • • • • • • R A 0 I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL fUEL FUH FUEL CLADDING CLADDING 
LEVEL o.ooooo IN .09506 IN • ~5300 lN • 2 lolb3 IN .25350 IN .26150 IN .28150 IN 

HEAT TRANS 
110DE 

1 2037.3 1798.7 1507.9 1178.6 855.9 618.5 5b5.0 
2 3281o.7 281olo.8 Z308.7 1701.5 1106." 6bB.8 570.1 
3 201t6o5 1808.0 :511.2 1187.8 8b5.1 b27.8 5H.2 

2 
2 
2 

N 
N 
U1 FUEL ROD 23 TEMP. E R t.TUR E 0 IS TRI BUTI ON IOECOREES f WHICH IS IN CHANNEL lSI 33, o, o, o, 

• • • • • • • • • • • • • • • • • • • • • • • • R A 0 I A L p ci s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CL•ODING 
LEVEL o.ooooo IN .09506 IN .15300 IN .Z42b3 IN .25350 IN .26150 IN ·28150 IN 

HEAT TRANS 
MOOt: 

1 1756.·0 15bZ.8 1327.2 1060.5 799.1 606.8 563.1o 
2 2766.9 21t10.6 197bo3 llo81o.lo lOOZ.It b48.0 568.0 
3 1762.3 15b9.i) l3 33. 5 1066.7 805.3 613.0 569.7 

2 
2 
2 

FUEL ROO Zit TE11PERATURE DISTRIBUTION I DEGREES F IIHICH IS IN CHANNEUSI 31o, o, o, o. 

• • • • • • • • • • • • • • • • • • • • • • • • R A 0 I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEL. FUEL FUEL CLADDING CLADDING 
LEVEL o.ocooo IN .09506 IN .15300 IN .24263 IN .25350 IN .26150 IN .28150 IN 

HEAT TRANS 
MODE 

1 1859.7 lb49.7 L393.8 1104.0 8ZO.o bllol 5blto0 
2 2957.7 Z510ob .~098.6 15bloo4 l01t0.8 b55.7 5b8. 8 
3 1668.1 lb58.2 L 4 02. 3 1112.5 828olt b19.6 572.5 

2 
2 
2 

FUEL ROO 25 TEMPERATURE DISTRIBUTION IOE.;REES F WHICH IS IN CHANNEUSI 35, o, o, o, 

•••••••••••••••••••••••• R: A D 1 A L p 0 s I T. I 0 N s ••• • .•••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FIJEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooc IN .0950b IN ol5 300 IN .Z42b3 IN .25350 IN • 2b150 IN .28150 IN HODE 

l 20bb.9 1823.b l52bo9 1191.0 8bl.8 bl9.7 5b5.Z 2 
2 3341.2 2892.5 Z31t5.b 1726.2 lH~:~ 672.9 572.2 2 
3 207b.7 1833.4 i 5 3b. 7 1200.8 b29.5 575 .. 0 2 



N 
N 
0'1 

TABLE E-1 (~ontinued) 

SCDRE-EVET BENEDETTI-KISER-LDRDS MOD 1 VER 2 
EXAMPLE 1, 3-D 7X7 BWR C_USTER, UNIFORM INLET VELOEiTY, SS + TRANSIENT 

FUEL ROD 26 TEMPERATURE DISTRIBUTION !DEGREES F ~ ~HlCH IS IN CHANNELISI 41• 0• o, o, 

• • • • • • • • • • • • • • • • • • • .. • • • • R A D I A L p 0 s I T I 0 N s I I I I I I I I I I I I I I I I I I I I I I I I o I I I • I I I 

AXIAL =uEL F lJEL FUEL FUEL FUEL CLbDVING ( _Al)C lNG 
LEVEL o.ooooo IN • cq5ob IN .15300 IN .24263 JN .25350 IN .zt.l50 Hl •. ~815 0 IN 

l rqrs.q l6qq,4 l't3l.q ll28.q 832.0 613.6 56~ ... 
2 3072.3 2667.t 2174.3 1615.7 1068.2 665.6 571; .q 
3 lqz8.5 noq.c 141ol. 4 1138.5 841.5 623.2 57~.q 

FUEL ROD 27 TEMPERATURE li>ISlRIBUllON !DEGREES F • "rHCH IS :N CHANNELISI 42, O, o, o, ......................... ~ A D I A L p J s I T I 0 
AX lAL FUEL FUEL FUEL FUEL 
LEVEL o.ooooo IN • (•q506 IN .15300 IN .24263 .:N 

N s ............. ~················ .. . FUEL CLADDING :LAOOING 
.25350 IN .26150 IN .281;0 IN 

1 22'o4o5 1q1z.~ 16H.u l265.b 
.2 3661t.Z !-182. i 257lo5 l8H. 3 

3 2257.3 )q85.c. 1653.8 1276.4 

6q7.b 627.1 -566.1 
12oo.q 102.0 59q,5 
qro.5 b3q.q 51s.q 

FUEL ROD 28 TEMPERATURE DISTRIBUHON I DEGREES f wHICH IS IN CHANNELCSI 4q, 1), o. Q, 

••• I ••••••• ~ ••••••••••• • ·R A 0 I A L p 0 s I T I 0 N S • • • • • • • • • • • • •. • • • • • • • • •• • .. •, .. • • • AXIAL FUEL FUEL FUel FUEL FUEL CLADDING ~LADDING 
LEVEL o.ooooo IN .oq5o6 IN .15300 IN -.24263 IN .25350 IN .26150 IN .. Z81SO IN 

l 21~5.3 :q22.Q 1b03.0 lZ40.7 885.7 oZ~.6 '65.7 
2 3551.2 3073.1 2483.5 1815.b 1161.0 o7q.b 571.1 
3 219'o.6 :q32 ... 1612.5 1250.3 sq5,2 b34. 2 !175. 3 

.. 

HEAT TRANS 
110DE 

2 z 
2 

HEAT TRANS 
MODE 

2 
2 z 

HEAT TUNS 
110DE 

2 
2 
2 



,,, '. 

TABLE E-1 (continued) 

SCORE-EVET BE~EDETfi-KISER-LORDS HOD 1 VER 2 
EXAMPLE 1• 3-D 7X7 BWR CLUSTER, UNIFORM INLET VELOCITY, ss + TRANSIENT 

***CHANNEL 1 CYCLE bOO TIMET 1.003b ITER 4 DELTA TIME o20000E-03 POWER AVERAGE 11.975 Kill/FT. 
.( u PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX F T I SEC PSI LBH/FT3 I!TUILBH DEG F LBI1/FT2*SEC BTU/FT2,HR, l b,949920 1047,493 lt7,191t38 522, BOOit 550.3708 o. 327.9972 o. ) 11.81116 101t7,1t93 26.35115 5b8o2828 550.21t91 lto0307170E-02 311.237b 253307.2 3 29.58011t 101tb,lt51t 10o23101t b51o91tl7 55Do1275 o1889802 302ob355 'tb701t5o2 .. 39o't391b 101t4,4't0 7.549224 701).0752 51.9.8915 • 2 7lt 7218 297,7351 253307.2 
:~ 39.'t391b 10't2,955 it. 86H13 71t8. 20 88 549.6555 .3604635 191.9667 o. 

** •·:HANN E L 2 CYCLE bOO TIMET 1.0036 ITER 4 DELTA TIME o200COE-03 POWER AVERAGE 11.9H Kill/FT. 
( u PRESSURE DENSITY ENE:RGY TEMP QUAL MASS FLUX HEAT FLUX fT./SEC PSI LBH/FT3 BTUilBH DEG F LBM/FT2*SEC BTU I FT 2 , HR , l 6,94~920 1047,'t93 lt7.1943B 522.80uit 550.3708 o. 327.9972 o. ) 13.01227 1047,1t93 24.08214 513.2997 550.2't'H 1to9210544E-02 313.. 3633 2b19b7o2 a 32.01t695 1Cit6,1t51t 9.361316 661t.6722 550.127~ .2115651 300.001b 483012.b ... lt2o't9565 101tlt,ltlt0 7.040C8b 713. ltll28 5't9.8915 .2981t930 299,1H4 2b19b7.2 5 lt2o49585 1042.955 lt,718856 7b2. 2933 5't9.b555 .3851t208 200.5318 o. 

N 
•••·:HANN£:L 3 CYCLE bOO TIHtl 1.C03b ITER .. DELTA TIME .2ooooe-o3 POWER AVERAGE 11.975 KW/FTo 

N ( u PRESSURE DENSITY ENERGY TEIIP QUAL IIASS FLUX HEAT FLUX -....! FTISEC PSI L311/FT3 BTUILBM DEG F LBII/FT2*SEC BTU I FT Z, HR , :1. &.9't9920 101t7. lt93 lt7.19't38 522,800't 550.3108 o. 327.9972 o. 2 12.57125 101t7,'t93 25, 71t701 5b9.5322 550.2491 lto2521t497E-02 323.b720 229492.0 3 3lo23133 101tbolt5't 10.18112 b52.bl31t 550.1275 .1901719 317.9701 o\23135.0 ... 't'lo 54391 1044.4't0 7.55170b 700.0143 549.8915 .274b138 ·313.72H 2291t92.0 5 'tl. 54391 10't2,955 4.922289 71t7.4151 549.6555 .3590557 204.4911 o. 

***CHANNEL 4 CYCLE bOO TI liE T 1ol.i\J3b I TEll. It DELTA TIME o20000E-03 POWER AVERAGE 11.975 KW/FT o 
I( u PRESSURE DENSITY ENERGY TEIIP QUAL IIASS FlUX HEAT FLUX FT IS EC PSI LBHIFT3 BTU/LBM DEG F LBH/FT2*SEC BTU/FT2.HR. 1 bo949920 1047.493 47.19438 522.8004 550.3708 o. 327.9972 o. 2 13.10693 1047.493 2't. 088 35 573.2847 ' 550.2't91 4o9183897E-02 315. 72't't 257637.2 3 32.21101 1046.'tH 9. 40!11:S46 6b3.9631 550.1275 .2103072 3(12.9718 475028.9 .. 42.70910 104-4,440 7.05't710 713.0706 549,6915 .29771>23 301.30C3 257b31.2 5 42.70910 101,·2.955 lto703573 762.1781 5't9o6555 .3852174 200.13854 o. 

***CHANNEL 5 CYCLE bOO TIMET lo003b ITER .. DELTA TillE .2ooooE-03 POJiER AVERAGE 11.975 Kw/FTo 
X. u PRESSURE DENSITY ENERGY TEMP QUAL IIASS flUX HEAT FLUX FTISEC PSI LBII/FT3 BTUILBII D EG F LBII/FT2*SEC BTU/FT2oHRo 1 bo9't9920 1047,493 't7o191t38 522.8004 550.3708 o. 327,9972 o. 2 12.83749 1047.493 2'to 86277 ,71.4704 ~50. Zlt91 It. 5 9b't0b5E-02 319.1756 21titbo\7o1 3 3lob8818 104b.454 9.759159 b58. 5.672 550.1275 .2007343 309.2~00 451077.8. 4 42.05507 1041,,440 7.299blt2 706.4140 51t9.8915 .2859602 3ub .• 9t! 70 2't'ob47ol 5 42.05507 1042,955 4o8't0125 754o2bi)7 5't9o6555 o37118b1 203.5518 o. 



TABLE E-1 (continued) 

SCORE ... EVET BENEDETT1-KI,ER-LORDS MOD 1 VtR z 
EXA·IIPLE .1, 3-D 7X7 BWR CL.L:S ER~ UIIIIFORI'I INLET VELJC ITY, ss t TRANSIENT 

•••CHANNEL 6 CYCL'E 6C.O TU1ET 1.110.36 ITER It DELTA 'TIME , 20CPJOE-03 POWER AVERAGE 11.975 KW/FT, 

X u PRE';SU~E DENSITY ENERGY TtMP OUAL MASS FLUX HEAT FLUX 
FT/SEC PSI L8M/FT3 BTLJilBI1 DEG F LBMIF Tz•sEc BTU/FT2.HR, 

1 6. 9lt'l.920 10ltT ;lt<;•3 lt7.191t38 5ZZ:,t!Oult 550.3708 o. 3Z7,Q972 o. 
2 1Z.H620 1 Olt r ·" c;o 3 25.52b99 570.01119 5~0.2lt91 lt.33580HE-02 317. :'lltCI 2lt21t82ol 
3 30.81868 10lto],lt~lt 10o07l00 65"t.ll9l 550.1275 ol9Z81t30 31Co3750 ltlt7086e0 
It lt0oll6332 10lt ... 4'·0 7.627377 69.8.17 56 5lt9,8915 .27l3539 311.&799 242lt8Zel 
5 lt0.86332 l0lt~.9~5 5.183750. H-2.2322 5lt9,6555 , H986io8 211.&252 o. 

•••CHANNH 1 CYCLE 6CH1 TIMET 1.0036 !TER It DELTA TIME .zcoooe-03 POWER AVERAGE 11.975 KW./FT. 

X u =P·REiiSUP.E DENSITY ENERGY TEMP OUAL MASS FLUX HEAT FLUX 
FT/SEC PSI L8MIFT3 BTU/LBM DEG F LBM/FT2•SEC 8TU/FT2.HR. 

1 6.9~t9no 104~olt93 47.19438 n2. aoo4 550.3708 o. 327.9972 o. 
2 10.31680 10ltlolt93 3lo01626 560.2739 550.2492 2.6094237E-OZ 319.91186 201H6o7 3 26.57152 l04~olt!olt ·l2olt5763 627.lt505 550.1275 .llt55309 331,1)183 37l24lo1 It 35.50586 10lt~.lt~O 9e3llt056 66lt .9lt71 5lt9o8915 o2llltlt07 330.7036 201H6. 7 5 35.50586 101t~, 9!i 5 6.170lt80 702.4436 5lt9o6555 o2N350lt 219. 'Jtl62 o. 

•N ••teHA"'NEL 9 CYCLE 600 TIMET lo003b ITER 4 DELTA TIME ,2•JOOOE-03 Pow:R AVERAGE llo975 KW/FTo 
'N 

u PRE~: SURE DENSITY Ei'ERGY TEMP OUAL MASS FLUX HEAT fLUX {X) X 
FT/SEC PSI LBM/FT3 B1U/L3M DEG F LBMt=Tz•sEc 8 T U I fT 2 , HR , 

1 6,949<HO 104·7. 493 47.19438 52Z:.tl004 550.3108 o. 327.~'172 c. 
2 l3.60C10 ·1047.493 24.41800 51'2.4~83 550.2491 Ito 1788342E-02' 332. ;)872 222996.9 
3 33.52152 1046,4 H 9.751117 b~8.6856 550.1275 .200COH5 326. !'1723 411159.5 4 44.41tC007 104 .... 4-10 7.329479 705.6334 549,!1915 .281t5764 3Z5. 7885 222996.9 
5 !tlt,lt4<i07 104.~.955 4.907840 7~2.5813 549,b555 .3682083 218.11.489 o. 

... CHANNEL 10 CYCLE 6Ju TIMET 1.0036 ITER 4 DELTA. TIME o20000E-03 POWER AVERAGE 11.975 IC.111/f T • 
X .U PRF.:iSUH DENSlTY E11ERGY TEMP OUAL MASS FLUX HEAT FLUX FT/SEC PS[ L811/FT3 8TU/LBM UEG F LBM/FT2•SEC BTU/FT2.HR. 
1 b,949920 ro~or.4~3 47.19lt38 5Z2. 6004 550.3708 o. 327.9972 o. 
2 13.29564 1047.493 25.71381 5e.9.602b 550.2491 4o26'o9351E-02 341.6815 199181.7 
3 32.973b6 '10'oo.lt54 10.40975 b't9.5892 550.1275 o18'o8068 343.2475 3672lt9o2 
4 43.80737 101t-ito4"t(i 7.741636 695,4674 549,8915 .2665524 339.1407 199181.7 
5 lt3. 80?37 104~.955 5,073~25 7~1.345b 549.b555 .3432980 222.2~78 o. 

•••CHANNEL 11 CYCLE 600 TIMET 1o0036 'ITER 4 DELTA TIME .2ooooE-03 PO~ER AVERAGE u. 975 KW/FTo 
X u PRE·iSURE DENSITY ENEitGY TEMP OUAL MASS FLUX HEAT FLUX 

FT/SEC PSD L8M/FT3· BTUILBII DEG F L8HfFT2•SEC BTU/FT2.HR. 
1 6.949920 10H, 4·93 47.19438 5-H.BOO't 550.3708 o. 327.9972 o. 
2 13.96910 101i7o4'93 .23.359~4 H5.1021 550.2491 5.2409084E-OZ 326.3118 Zlt4647o1 
3 3lt. 0'10:.52 10~5.454 9.320912 b-!15.3213 550olZ7!: .2127167 317.8107. 4!H077.8 
4 lt5.05178 10C,!t,439 7~129849 710.979<;1 549.891!; .29(00555 321.2124 2446(07.1 
5 45.05178 10L2,QI55 4.9387!17 7:ib.638'o 549.6555 .315391i2 222.50ll o. 

\ 

'P 



TABLE E-I {continued) 

SCORE-E VE:T B~NEDETTI-KISER-LORDS HOD 1 VE R 2 
E:<AMPLE 1· 3-D 7~7 BWR CLUSTER, UNIFO~I1 INLET VELOC Ify, ss + TRANSIENT 

•••CHANNEL 12 CYC L: 600 TIMET 1.0036 ITER " DELTA TII1E .20000E-03 POWER AVERAGE 11.975 KW/FTo 

X u PR:SSURE DENSITY ENERGY TE11P QUAL 11ASS FLUX HEAT FLUX 
FT/SEC PSI LBI1/FT3 8TU/LBI1 DEG F LBI1/FT2•SEC BTU/FT2oHR. 

l 6.9it992\) 10~7.493 't7.H436 522.8001t 550.3708 o. 327.9972 o. 
2 l3.51t347 10H.493 Zlt.7C·B 10 571.8231 550.21t91 lt.659l011E-02 334.6335 218666.9 
3 33.32533 1046.454 9.93£441 656.0610 ,50.1275 .1962882 331.0019 lt03175.8 
4 44.13236 1o~"·""o 7.50~066 701.0667 549.8915 .2764797 331.3928 218666.9 
5 "".132 36 10~2.955 5.c,e~69C H6.07Zit 549.6555 .3566711 221t.41t35 o. 

•••CHANNEL 13 .CYCLE 600 TI HE T 1.0036 ITER " DELTA TillE .2oocoE-03 POWER AVERAGE 11.975 KW/FT • 

X u PR:SSURE DENSHY ENERGY TEI1P QUAL 11ASS FLUX HEAT FLUX 
F T I SEC PSI L811/FT3 8TU/LBI1 DEG F LBI1/FT2•SEC 8TU/FT2.HR. 

1 6.9't99ZO 1047.493 H.1~1t31:1 522.8004 550.3708 o. 327.9972 o. 
2 13.22392 10lt7.1t93 25.0~505 571.0820 550.21t91 It. 52Ht17ZE-02 331.0615 222996.9 
3 32. b2404 1046.454 lO.Ot92'1 654.1427 550.1275 .1928849 326.5011 4lll59. 5 

\4 43o!76it6 1044.439 7.69~162 696.5593 549.8915 .266't882 HZ.21t98 222996.9 
5 43.l76it6 1042.955 5.32!030. 738.9759 Slt9.6555 .3440914 22'1. H32 o. 

N 
N •••CHANNEL 14 CYCL: .bOO TI11ET 1.0036 ITER " DELTA TillE .20000E-03 POWER AVERAGE 11.975 KW/FT. 
\.0 

X u PRESSURE DENSITY ENERGY TEMP OUAL MASS FLUX H~AT FLUX 
FT/SEC PSI LBI1/FT3 BTU/LBI1 DEG F LBH/FT2•SEC 8 U/FT2.HR. 

1 6. 'l't99ZO 1047.493 't7.1<;43tl 5ZZ.8001t 550.3108 o. 327.9972 o. 
2 11.39758 1047.493 26.6~810 564.0135 550.21t92 3. 2 730695E-02 326.5190 203511.7 
3 28.90202 1046.1t51t 11.51369 636.6766 550.1275 .1618987 332.7691 315232.9 
It 38.4!1518 101tlt.41t0 8.65'i578 676.3038 51t9.8915 .2325758 333.2651t 203511.7 
5 3tlo't8518 1042.955 5.805462 11,.9310 51t9.6555 .3032529 223.4242 o. 

•••CHANNEL 17 CYCLE 600 TIMET 1.0036 ITER 4 DELTA TIHE .20000E-03 POWER AVERAGE 11.975 KW /F T • 

X u PRESSURE DENSITY ENERGY TEHP OU.AL 11ASS FLUX HEAT FLUX 
FT /SEC PSI L811/FT3 BTUIL811 DEG F L811/FT2•SEC 8TU/FT2.HR. 

1 6.9~t99ZO 1047.493 't7.1'i43tl 522.8004 550.3708 o. 327.9'172 o. 
2 13.460 98 1047.493 24.93C85 571.3163 5 50.2491 lt.5690567E-02 335.5937 220831.9 
3 33.14771 1046.1t54 10.12225 653.411t3 550.1275 .1915928 335.5293 lt07167.6 

" lt3.90071t 1041t.41t0 7.68'i076 696.7032 549.8915 .268HH 337.5561 2208 31.9 
5 lt3.<10071t 1042.95~ 5.255905 739.9921 Slt«.b555 .3lt5891tO 230.7381 o. 

. •••CHANNEL 18 CYCLE 600 TIHET 1.0036 ITER 4 DELTA TillE .20000E-03 POWER AVERAGE 11.975 KII'/FT. 

X u PRESSURE DENSITY ENERGY TEI1P QUAL 11ASS FLUX HEAT FLUX 
FT/SEC PSI l811/FT3 8TU/L811 . D EG F L811/FT2•SEC 8TU/FT2.HR. 

1 6.949920 1047.493 't7.1'i436 522. 8001t 550.3708 o. 327.9972 o. 
2 13.20Zit3 1C47.1t9~ 25.91725 569.1742 550.2491 lt.l889226E-02 342.1705 201346.7 
3 32.64021t 1046.lt54 10.57887 647.1t362 550.1275 .1609871 345.297(; 371Zitl.l 
4 lt3.261Z2 1041t.HO 7.98'0632 68q.5;59 549.!1915 .2566034 H5.b412 201346.7 
5 43.26122 1042.955 5.40C390 132.2 7 57 51t9.6555 • 3322197 233.6275 o • 

\' ~-· ~ 



I ABLE E-I (continued) 

S.C OR E-E VET BENEDETTI-~ISER-LOP.DS HOD 1 V~R 2 
EXAI'.PLE 1, 3-D 7X7 BWR CLUSTER, UNIFORM INLET VEL'JC HYo ss + TRANSIENT 

... CHANNEl 19 CYCLE bOO TI.1ET 1o003b I TE~ ft. DELTA T I 'IE .20000E-03 i'l!lloo'ER lVERAGE 11.975 KW/FT • 

X u PRESSUF:E )ENSITY EN:R(.Y TEHP QUAL H~SS FLJX HEAT FLUX 
FT/SEC PSI .8H/FT3 8TJ/LB" DEG F LBII/H 2•sEc 8 TU/ FT 2 • HR • 

1 bo949920 1047.1ooQ3 l't7o191o38 52~.800/o 550.3708 o. 327.~972 o. 
2 12.86589 1047. 4'"3 :!6.78517 H,:r ... 2oo 550.2491 3. 8 776C09E-OZ 34,..o6l5D 192686.6 
3 32.00367 104bolt~lo llo005l8 otoZ.30Z7 550.1275 o1718799 352 •. 2062 355273.7 
4 42olo7201o 101o4oloo"'0 3.29869/o 663.3321 51o9.8915 o21o50368 352.462~ 192686.6 
5 42 .4720/o 1042.955 5.592201: 72 .. .3615 51o9.6555 o3181938 23l.512olo o. 

•••CHANNEL 20 C YC L ,:; 600 TIMET 1o0036 'ITER .. DELTA TU1E .20000E-03 PJ\oiER .AVERAGE u. 975 KW/FTo 

X u PRESSUII.E ilENS I TY ENI: RGY TEMP QUAL HA)S FLUX HEAT FLUX 
FT/SEC PSI L811/FT3 8TUIL81'1 DEG F l8'1/FTZ•SEC BTU/FT2.HR. 

1 6.949HO 1047.4B ... 7.19436 5Z.Z.I30C4 550.3706 o. 327.9972 o. 
2 12.67962 1047.~H 27.02045 5bb. 96 ~.s 5 50 .ztt91 3.7966!)21E-02 342.6091. 190521.6 
3 3lob4366 104b.~~4 11.07972 61o1.H~·7 550.1275 .1703595 J50.bOZ9 351261.9 
4 4~.01645 1044.~39 S.351ol65 682 •. !H3 549.8915 .24305111 351.01Zit · 1905Zlo6 
5 42.01645 1042.~·55 ·5.628609 7zz.·HE;9 549.6555 • 315HH Bb.491t2 o. 

N ... C-iANNtL 21 CYCLE e.:>o TLHET 1.0036 Ili:R .. DELTA TDME .2ooooe-o3 PO~ER AVERAGE 11.975 KW/FT. 
w 

PRESSURE DENSITY EHR:iY TEMP QUAL MAS: FLUX 0 X u HEAT FLUX 
FT/SEC PSI L811/FT3 81U fl81'1 DEG F L8111FTc•SEC BTU/FTZeHR. 

1 6o91t9920 1047.''H 47.19438 522 • !IOOlt 550.3706 o. 327.9912 o. 
2 11.95402 1047.4'93 26.824'91 5f7.34Z~ 550.2492 3.86382tlbE-02 32-'0o 66~·4 227326.9 
3 29.88080 1046 ... 54 10.708C2 6C5o83:'E 550.1275 el781H5 31'9. 9643 419143.1 
4 39ob8004 1044 ..... 0 8.126890 6t6oll9:'~ 54'9.8915 .2513~·60 32:2. ltH3 227326.9 
5 H.6t1004 1042.<i55 5.5't5755 7C7.95:"Co 549.6555 .3245645 22:0. 05~·8 o. 

•••CHANNEL 25 CYCLE e..oo UHET 1o0036 1-E.R • DELTA TI.HE .2ooooe-a3 POWER AVERAGE 11.975 KWIFTo 

X u PRESSURE DENSITY EMRGY TEMP QUAL MASS FLUX HEAT FLUX 
FT/SEC PSI l8M/FT3 8iU/L811 DEG F LBM.'FT z•sEc 8TUIFT2.HR. 

1 6.949920 1047 ... 93 47ol943a 5&:2.:800~ 550.3708 o. 327.99:'2 o. 
2 12.64648 1047 .... 93 27. 4llt65 56o6 •. 211l 55C.2491 3o661tl393E-02 31o6.6988 186191o6 
3 3lo 56965 1C·ft6o"i·54 llo 33135 6:&8 .~35q 550.1275 .1653747 H7 .• 72t>7 31t3298.Z 
It ftlo 91786 1044 ... 40 8.51t9994 6 .. 8. 37:~z 549.8915 • 2362't84 3~8.39"5 186191.6 
5 H. 91786· 1C42. ·~55 5.768639 7:.1:1.111!1 51t9o6555 • 3071220 2H .80'10 o. 

•••CHANNEL 26 CYCLE ::oo T: MET 1o0036 UtR ~ DELTA TIHE oZOOOOE-03 I'O•o'ER AVERAGE 11.975 KW/fTo 
)C u PRESS.RE DENSITY El<tRGY TEHP QUAL IlLS) fLUX HEAT FLUX 

FT/SEC PSI L8M/FT3 B'iUfLB'I OEG F U.141FT ~·sec 8TU/FT2 • HR • 
l 6.949920 1047.~93 47.19438 5!2o80iH 550.3708 o. 3Z7.99l2 o. 
2 12o509lt8 1047.~93 27.46643 5•)bo120l 550.2491 3o6470l55E-02 H3. 5908 190521.6 
3 31.26747 1046.~·54 11.38105 b~S.095.) 550.1275 ol61t416Z 355.85~8 351281.9 
4 41.50845 1044oCft0 6.649275 6l6.1t963 549.8915 .2329171 359.0130 190521.6 
5 41.)0845 101o2.955 5.9174~7 7l4o896~ 549.65)5 o3014lb0 2 .. 5.62~1 o. 



TI\BLE E-1 (continued) 

SCORE-EVE T BENEDETTI-KISER-LORDS 1100 l VtR 2 
EXAMPLE l, 3-D 7X7 BW~ CLUSTER, UNIFORM INLET VELOCITY, ss + TRAt<ISIENT 

•••CHANNEL 27 CYCLE 600 TIMET 1.0036 ITER 4 DELTA TI11E .2ooooe-o3 POWER ·AVERAGE 11.975 KW/FT. 
X u PRESSURE DENSITW ENERGY TEMP OUAL MASS FLUX HEAT FLUX FT/SEC PSI LBM/Fll 8TUIL8M DEG F LBMtFT2•sEc 8TUIFT2.HR. l 6.949920 1047.493 47.194Jb 522.6004 5 50. 3108 o. 327.9972 o. 
2 1lo47f>27 lOH, 493 27.31!809 !lf>6o2668 550.21t91 3.6729485E-02 H1.7012 190521.6 3 31.22565 1046.454 11.2tJU6 639. 1743 . 550.1275 .1663298 .152. 2958 351281.9 4 'tio47251 1044.439 8.5498'11 678. 3181 549.891!:• .2362536 354.5633 190521.6 5 41.47251 1042.955 5.8114Z6 717.5820 549.6555 .3061774 241.2632 o • 

•••CHANNEL 28 CYCLE· 600 TIMET 1 .• 0036 ITER 4 DELTA TIME • 2000DE-03 POWER AVE~AGE 11.975 KW/FT. 
X u PRESSURE DENS IT":' ENtRGY TEMP OUAL MASS FLUX HEAT FLUX FT/SEC PSI LBM/FT3 IHU/LBM DEG F L8MIFT2•SEC 8TU/FT2.HR. 1 6.949'120 1047.493 47ol94Jtj 522.!!004 550.3708 o. 327.9972 o. 2 11.83760 1047,493 27.360o0 566.3183 550.2492 3. 68208 4lE-02 323.8838 216501.8 3 29.66799 1046.454 10.98032 642.5911 550.1275 ·1723915 325.7641 399183.9 4 39.44902 1044.440 8.2783'16 683.7467 549.8915 .2457718 326.5726 216501.8 5 39.44902 1042.955 5.576368 724.9022 549.6555 .3191521 219.9822 o. 

•••CHANNEL 33 CYCLE 600 TIMET 1.0036 ITER 
N 

4 DELTA TIME .20000E-03 POWER AVERAGE 11.975 KWIFT. 
w X u PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX --' FT/SEC PSI LBM/FT3 8TU/LBI1 DEG F LBM/FTZ•SEC 8TU/FTZ.HR. 1 6.91t9920 1Cit7.493 lt7.19438 522.8004 550.3708 o. 327.9972 o. 2 12.22011 1047,493 28.49651 564. 2141 550.2491 3.3193067E-02 348.2306 175366.5 

3 30.76470 1046.454 11.87738 632.94!!3 550.1275 e155281t4 365.4040 323339.ii 4 40.92071 1044.440 8.954003 670.9894 549.8915 .2231535 366.4041 175366.5 5 40.92011 1042.955 6,(r3(;6ZB 709.0305 549,6555 .2910227. 246.7776 o • 

••teiHANNEL 34 CYCLE 600 TIMET 1.0036 ITER "4 DELTA TIME • 20000E-03 POWER AVEIIAGE 11.975 KW/FT. 
X u PRESSURE DENSITY ENERGY TEMP QUAL P1ASS FLUX · HEAT FLUX FT /SEC PSI LBI1/FT3 8TU/L8M DEG F LBM/FTZ•SEC 8 T U I FT 2 • HR • l 6.949920 1047.493 47.19438 522. 800'1 550.3708 o. 327.9972 o. 2 12.48519 1047.493 27.35916 566.3198 550.2492 3e6823638E-02 341.5917 190521.6 

I 3 31.24593 1046. 451t 11.265.37 639.3605 ,50.1275 .1666602 351.9971 3512111.9 4 41.50557 1044.439 8 .5308-il 678.7427 549,8915 .2369000 3 54. 077tt 190521.6 5 41.50~57 1042,955 5.796309 7ltl.l21t9 549.6555 • 3071398 240.5791 o • 

•••CHANNEL 35 CYCLE bOO Tl ~ET 1.0036 ITER 4 DELTA TIME • 2ooooe-o3 POWER AVEiiAGE 11.975 Kw/FT, 
)( u PRESSURE DENSITY ENEP.GY TEMP QUAL MASS FLUX HEAT FLUX FT /SEC PSI L8ti/F T3 BTU/LBM DEG F LBM/FT2•SEC BTU I FT 2 • HR • 1 6,949920 1047.493 47.19438 522.8004 550.3708 o. 327.9972 o. l 12.00881 1047.493 26.90605 567.1808 5 50. 2't92 3o835l482E-02 323.1335 220831.9 3 29.99554 1046.454 10.7601)1 645.1980 550.127~ e1770161t 322.7704 407167.6 

" 39.86604 1044.440 8.10420tJ 687;3794 549.8915. .2522125 323.0826 220831.9 5 39.86604 1042.955 5.1t47t!02 729.5608 549.6555 ·3274087 217.1823 o. 



TABLE E-I (continued) 

SCORE-EVET BENEDETTi-KISER-lORDS HOD 1 VER 2 
EXAMPLE 1• 3-D 7X7 BWR CLUSTER•. UNIFORM INLET V :LOC lTY• ss + TRANSIENT 

•••CHANNEL lt1 CYCLE bOO TIME I 1o0036 ITER It DELTA TIME .zooooE-03 POWER AVERAGE 11.975 KW/FTo 

X IJ PRES)URE DHSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX 
F T I SEC PSI LB~,/FT3 BTU/LIIH OEG F LBM/FTZ•SEC BTU/ FT z.HR. 

1 bo 1H9920 101t7olt93 lt7.191t38 52Z:o8001t 550.3108 o. 327.9972 o. 
2 12.80336 101t7olt93 26o361t21t 568.2160 550.21t92 lt,0188bHE-02 337.8068 199181.7 .. 3 31.87433 104b.454 10.72213 blt5.6562 550.1275 .1778328 H1.H99 367H9.2 
It lt2.3063l 101tlt.4H 8,(199780 6U.4738 51t9,8915 .2523199 31t2.b1l8 199181.7 
5 lt2.30b31 1042.955 5.t.7682b 729.2894 549,b555 .326"nb9 231. 7t)43 o. 

U•CHANNEL lt2 CYCLE bOO TI MEl 1.0036 ITER 4 DELTA TIME .20000E-03 Pawn AVERAGE 11.975 KW If T, 

X u PRESSURE D~:1SITY 'ENERGY TEMP QUAL MASS =Lux HEAT FLUX 
FT/SEC PSI LBII/FT3 BTL ILB, DEG F LBH/HZ•SEC BTU/FTZ.HR, 

1 bo949920 10H.It93 47.191t31J 522o8001t 550.3108 o. 327.9H2 o. z 12,1t6829 lOH.It93 Z5.331t30 57C·.HOO 550.21t92 1t.ltlOC012E-02 3l5.B151t 246812.1 
3 3J. 8 7941 104b.lt51t 9.'i64ll7 ·bj~ .6123 550.1275 .1951t922 307.6960 455069.7 
It lt0,91t271 l01t4.440 7.~·56917 b99.8tlb5 549,8915 .2743872 309.1t:J07 Zlt61112.1 
5 40.94271 1042:.955 5d't97l7 71t4.160b 51t9,6555 .3532822 llO • & r. 311 o. 

N •••CHANNEL 49 CYCLE 600 iiMET 1.0036 ITER " DELTA TillE .200CCIE-03 POWER AVERAGE 11.975 KW/FT. w 
N X u PRES~URE DE !IS I TY. ENERGY TEMP QUAL f'IASS FLUX HEAT FLUX 

FT/SEC PSI L8H/FT3 8TUIL8H DEG F L8M/FT2•SEC 8 T U I FT 2 • HR • 
1 6.91t9920 lOio7.493 lo7.191t38 522. 6()04 550.3108 o. 327.9'H2 o. 
2 11.29912 10H,ft93 27.67671 565.7326 550.21t92 3.5781390E-02 312. 722ft 236152.0 
3 26.520]6 101t6 .lt51t 10.86056 643.9991 550.1275 .171t8694 309. 7?13 lt39102.3 , 38.0it300 104lt.440 e.:>69721 668.1174 51t9,8915 .2535211 306.9961t 238152.0 
5 3BoO't3~0 1042.955 5.l78884 73Zol358 549,6555 .332.1527 2oo.~21to o. 

• I 



TABLE E-I (continued) 

SCORE-EVET B~NEDETTI-KISER-LOROS MOO 1 VER l 
EXAMPLE 1• 3-D 7X7 8WR CLUSTER, UNIFORM INLET VELOCITY• SS + TRANSIENT 

FUH ROO 1 TEMPERATURE DISTRIBUTION I DEGREES F I WHICH IS IN CHANNEL lSI 1· o, o, o. 
•••••••••••••••••••••••• R. A D I A L p 0 s I T I 0 N s . .......•....•..•.....•......... 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .O'l50b IN .15300 HI .Z42b3 IN .25350 IN o£bl50 IN .28150 IN MODE 

1 2285.0 2006.4 1b66.'l 1282.4 'l05.6 bl6.5 5bb.O 2 
2 3755.3 3241.7 2615.7 1'l0bo8 1212.0 701.1 585.'l 2 
3 229'l.7 2021.1 1b8l.b 12'l7.1 'l20. 3 b43.2 580.7 2 

FUEL ROD 2 TEMPERATURE DISTRIBUTION I )I:GREES F WHICH IS IN CHANNEL lSI 2· o; o. o. 
• • • • • • • • • • • • • • • • • • • • • .• • • R A D I A L p 0 s I T I 0 N s . .•.•.•..•.•.••.•••••••......... 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING Hf:AT TRANS 
LEVEL o.oocoo IN oO'l50b IN .15300 IN .242b3 IN .25350 IN • 26150 IN .28150 IN HODE 

1 23H.C 2056.0 171)4.8 1307.2 'l17.5 b30.9 5bb.3 2 
2 5121.0 45tl'lo'l 3'l42.5 3209.3 2490.!1 19b2o4 1843.3 9 
3 2 3t 0. 8 2072.7 172lob 132 3. 9 93lt.2 647.7 583.0 2 

N 
w 
w 

FUEL ROD 3 TEMPERATURE DISTRIBUTION DEGREES F WHICH IS IN CHANNEl lSI 3, o. o. o, 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s . .••.•••.....•••.•.•.••..••••••• 

A X I.\L FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ocr.oo IN .O'l506 IN .15300 IN .Z42b3 IN .25350 IN .2b150 IN .2815(1 IN MODE 

1 21i:2.b 1870.3 1562.7 1214.3 8 72.9 621.9 565.3 2 
2 34~5.2 2989.9 2422.7 1 78 0. 5 1151.0 b88.2 583.8 2 
3 21~.4.9 18tl2o6 1575.0 1226o6 885.3 b34.2 577 .b 2 

FUEL ROO 4 TEMPE RATUH DISTRIBUTION I DEGREES F WHICH IS IN CHANNELISI 4, o. o. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s ••••••••••••••••••• ~ •••••••••••• 

AKIIIL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo Itt .O'l506 IN .15300 IN • Zlt263 IN .25350 IN .26150 IN .28150 IN MODE 

1 2314.5 2031.2 1685.9 1294.8 'lll.6 629.7 566.2 2 
2 50:>'l.7 4517.3 38 eo. o 3159.6 2452o'l 1933.3 1816.1 9 
3 2BO. 7 2047.4 1702.0 1311.0 'l27.7 blt5.'l 582.3 2 

FUEL ROD 5 TEHPEPATU~~ DIS TRI8UTION !DEGREES F WHICH IS IN CHANNELISI 5, o. o, o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s . ............................... 

AXIAL FUU. FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo Ill .09506 IN .15300 lN .24263 IN • 2 5 350 IN .26150 IN .28150 IN "ODE 

l 22Z5o'l 1956o'l 1629.0 1257.7 893.7 62bol 565.8 2 
2 3652.8 3156.8 2552.2 1867.5 1196.5 703.0 5'llo8 2 
3 2240.3 1971.2 161t3.3 127 2 •. o 908.1 640.1t 580.1 2 



TABLE E-I (continued) 

SCORE-EVET BENEOETTI-KISER-LO~DS ~OD 1 VER z 
EXAMPLE 1. 3-0 7X7 3W~ CLUSTER, J'IIFORM INLET VELOC:TYo 55 + TRANSIENT 

FUEL ROO 6 TEI!IPERATURE 0 I HRIBUT lDN IDEG~.EES F ) WrtlCrt IS IIi CHANNELISI 6, o. o. o. 
• • • • • • • • • • • • • • • • .. • • • • ·• • • R A D I A L ? 0 5 I T I 0 N s .....•..•••......•....•••.•..•.• 

AXIAL FUEL =uEL FUEL FUEL FUEL CLADDING CUIODING HEAT TRANS 
LEVEL o.ooooo IN • 09506 IN .15300 IN o21t263 Ir-. .25350 IN .26150 IN .21!150 IN MODE 

1 2211.2 19-'.4.5 1619.5 1251.5 890.8 625.5 ~65.7 z 
l 3621.1 3129.5 253u.z 1851.6 1186.5 697.4 !i87.1 2 
3 Z22lt. 6 195!1.0 16 32.9 l261to9 901t,2 638.9 579.1 2 

FUEL ROD 7 TEP1PERATURE DISTRIBUHON IDEGKEES F ~HICH IS IH CHANNELISI 7. o. o, o. 
• • • • • • • • • • • • • ·• • • • • • • ~ • • • R A 0 I A L p :] s I T l 0 N s . .............•..........•...... 

AXIAL FUEL FUEL FUH FUEL FUEL CLACDING -C L•.DD ING HEAT TRANS 
LEVEL o.aoooo IN .09506 IN .15300 IN .24263 IN .25350 IN .26150 IN .2-:150 IN I'IODE 

1 1930.7 1709.3 l't39.4 ll33o8 8H.3 6llt,O '• ~64. 3 . 2 
2 3088,5 2t:80.3 2182,7 1619.2 1066.9 6t>0.8 :.69.2 2 
3 1936.6 1715.2 l't45.3 1139.7 840.2 6)9.<1 ~ 70.3 2 

N 
w 
~ FUEL ROD 8 TEMPERATURE D~STAIBUTION !DEGREES F ) W:HCH IS IN CHANNEL lSI 9, o, o, o. 

• • ~ • " • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T 1 0 N s I I I I I I I I I I I I I I • I •• I I I I I .. I •I I I • •• I 

AXIAL FU L FUEL FUH IFIJEL FUEL CLADDING CL .. ODlNG HEAT TRANS 
LEV!:L o.ooooo IN .0~506 IN .15 300 IN .24263 Ill .25350 IN .26150 IN .Zt150 IN MODE 

1 2076.3 le33.1 1534.2 1195.7 86lt .o- 620.1 ~65.1 2 
2 3379.0 2'126.9 2 3 75. e 1751. 7 1140.1 690.3 !>88.9 2 
3 2090,7 lE45.5 1':1 46. t 1208.2 8 76.4 632.5 !>77.~ 2 

FUEL ROO 9 TEfiPERATURE DLSH.IBUTION IOEG~EES f I i/HIICH IS IN CHANNEL lSI 10, o. o, o. 
•••••••••••••·•••••••••••R A 0 I A L p 10 s I T [ 0 N s . •.•..•••...•...••••••..•...••••• 

AXIAL FUEL FUE:L FUtL ·fUEL FUEL CLADDING CL_.DDlNG HEAT TRANS 
LEVEL o.ooooo IN .09506 IN .15300 IN .Z4263 I~ .25350 [N .26li.50 IN .2;!1150 IN MODE 

1 1915.9 1696.9 H29,9 1127.6 831.3 613.4 ~>64. 2 2 
2 3069.7 2665.9 2173.7 1616.2 1069.9 6tl8o2 :H7 .6 z 
3 1925.3 1?06.3 11t39.3 Ll37.0 8lt0.7 622.8 :-H3. 7 z 

FUEL ROD 10 TEMPEHTURE O[STP.IBUT;QN IDEGRHS f WHICH IS I"' CHANNHIS I 11. o. o. c. 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s . ••...•.•••••••.•.•.••••••....••• 

AXIAL FUEL FUH 
~N 

FUEL FUEL fUEL CLADDING cuDorNG HEAT TUNS 
LEVEL o.ooooc IN .0~506 .1~ 300 IH .24263 IN .·25350 [N .26150 IN .23150 IN MODE 

1 2225.9 1'156.'1 1629.0 1257.7 893.7 626.1 :l65.8 z z 4814.4 4)18 ... 3713.8 3029.1 2358.1 1864.6 1ii'53 ... 9 
3 2240,7 1971.7 1643.!1 1272.4 908.5 6lo0, 9 580.5 z 



TABLE E-l (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS HOD 1 VER 2 
EXA~PLf 11 3-D 7X7 BWR CLUSTER• UNIFORM INL~T VELOCITY, SS + TRANSIENT 

FUEL ROD ll TEI'IPEPHURE DISTRIBUTION IDEGRlES F ) IIIHCH IS IN CHANNEUSI 12· o. o. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s ................................. 

AXIAL FUEl. FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
lEVEL o.OODOC IN .09506 IN • 15 300 lN .21t2b3 IN .25350 IN .26150 IN • 21!150 IN I'IODE 

1 2048.6 1808.3 1515.3 1183.3 858.1 616.9 564.9 2 
2 3321.9 2878.5 ~336.1 1126.1 1126.4 685.3 51l5.9 2 
3 2060.3 1819.9 1526.8 ll91t. 9 869.6 630.1t 576.5 2 

FUEL ROD 12 TEMPERATURE DISTRIBUTION IDE.;REES F WHICH IS IN CHANNEUSI 13• o, o, o. 

• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L ? 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEl FUEL FUEL CLADOING CLADDING HEAT TUNS 
LEVEL o.ocooc IN • OC/5 06 IN .l5300 IN .21t263 IN .25350 IN • 26150 IN .21:1150 IN I.OOE 

1 2078.3 1833.1 l~31t.2 1lCI5. 7. ll61t.O 620.1 565.1 2 
2 3375.0 2n2.9 2371.6 1747.7 1136.1 686.3 581t.CI 2 
3 2090.0 1841t.8 1545.9 120 7." 8.75. 7 631.7 576.7 2 

N 
w 
U"l FUEL ROD 13 TEMPERA. TlJRE DISTRIBUTION IDE:;REES F wHICH IS IN CHANNEl lSI lit• o. o. o. 

• • • • •' • • • • ' • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEl FJEL FUEL FUEL CLADDING ·cLADDING HEAT TRANS 
LEVEl O.t'COOQ IN oi.C/506 IN ol5 300 1N .21t263 IN .25350 IN .26150 IN .2a15o IN I'IOOE 

l. 1945.4 17Z1.7 1'tltll.'i 1HO.O 837.2 6l't.6 564.1t 2 
2 3115 .. 7 2703.1 22CiC.1 1630.6 1072.1t 661.9 56CI.3 2 
3 1953.2 172CI • 5 l45o.7 1147.8 81t5.0 622.1t 572.2 2 

FUEl. ROO lit TEI'IPER•TURE DISTRIBUTION IDEGRHS F I WHICH IS IN CHANNEl lSI 17, o. o •.. o. 

• • • • • •. • • • • " • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEl FUEl FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooc IN .OCI506 IN • .15 300 IN .24263 IN .25350 IN .26150 IN .28150 IN HODE 

l 2063.6 1820.7 1524.7 1169.5 861.0' 61CI.5 565.0 2 
2 3346.7 28CI8.CI 2353.2 1735.2 112CI.5 681t.O 583.6 2 
3 2C!71t .8 183l.CI 1535.CI 1200. 7 872.2 630.7 576.2 2 

FUEL ROO 15 TEMPERATURE DISTRIBUTION IOt.<;RHS F WHICH IS IN CHANNELISI 18, o, o, o, 

• • • • • • • • ••• • • • • • • • • • • • • • R A D 1 A L p 0 s I T I 0 N s ................................. 
AXIAL FUEL FUEL FUEL FUEl FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .OC/506 IN .15300 IN .H2t>3 I.N .25350 IN .26150 IN .28150 IN I'IODE 

1 1CI30.7 170CI.3 14 39 ... 1133.8 1!34.3 bllt.O 56it.3 z 
2 3tCI4,CI 2686.7 2189.1 1 62 5. b 1073~" 667.3 575.7 2 
3 193CI.7 1718.3 1446.1t 1142.8 843.2 623.(; 5 73.3 2 



TABLE E-I (continued) 

SCORE-EVET BENEDETTI-KISER-LmRDS ~OD 1 iER 2 
EXAMPLE 1, 3-D 7X7 RWR CLUS:ER, ~NIFORM INLET VElOCITY, SS + TRANSIENT 

FUEL ROD 16 TEMPERA TUllE DJSTilBUT:O"' IDEc;REES F I Wf- [C H IS I:-1 CHANNEL lSI 19, o. "o, o. 
• • • • • • • • • • • • .. • • • • • • • • • • • R A D I A l p (j s I T I 0 N S • , • • • • • • • • • • • • , • • • • • • • • • • • • • • • • • AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING .CLADDING 

LEVEL o.ooooo IN • 09506 :N ol5 300 IN .24263 IN .25350 IN .26150 IN .2BHO IN 
HEAT TRANS 

HOOE 
l 187lo6 1659.7 l40lo4 1109.0 822.3 611.5 56to.o 
2 2981),7 2590.0 2113. d 1574.5 1046.1 657olt 569.8 
3 1879.3 1o67.5 lltC9. 2 1116.7 B 30 o1 619.3 571.8 

2 
2 
2 

FUEL ROD 17 TEMPERATURE DiS T'H 8UTI ON I DEGREES F IIHICH IS IN CHANNEL< 51 20. o, o. o, 

• • • • • • • • • • • • .. • • • • • • • • • • • R A 0 I A L p (I s 1 T I 0 N s •••••••••••••••••••••••.••••••••• 
AXIAL FUEL FUH FuEL FUEL FUEL CLADDING CLADDING 
LEVEL o.ooooo IN .0~506 (N .15300 IN .24263 IN .25350 IN • 26150 IN .28150 IN 

HEAT TRANS 
HODE 

1 1856.8 1·~lt7.3 B92o0 1102.8 819.4 610.9 563.9 2 2952.5 2566.3 Zu95.to 1562.2 1039.7 655olt 566,7 
3 1864.4 1!>54 .9 . 1399.5 1110.4 826,9 618.5 5 71.5 

2 
2 
2 

N 
w 
en FUEL ROO 18 TEIIPERATURE o~sr;n sun oN I DEGREES F I· WttJCH IS [N CHANNEL< SJ z 1. o. o. o. 

••••••••••••··••••••••••••R A D I 4 L p 0 s I T I 0 N s •••••••••••••••••••••• •· ••••••••• AXIAL FUEL FUEL FU~L FUEL FUEL CLADDING CLADDING 
LEVEL o.ooooo IN .0~506 IN .) 5 300 IN .24263 [N .25350 IN .26150 IN .28150 IN 

HEAT TRANS 
HODE 

1 21{;7.8 1857.9 1553.2 1208.1 870.0 6Zl. 3 565.2 z H20.5 2959.6. 2397otl 1761.6 1138.1 679.5 5 76.1 3 2118.7 1868. 7' 1564.0 1218.9 8tl0.8 632.1 576.0 
z 
z 
2. 

FUEL ROO 19 TEMPERATURE CLSTRIBUTlON I DEGREES F WHiCH IS IN CHANNELISI 25. o. o. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL FUEL FIJEL FUEL CLADDING CLADDING 
LEVE.L o.otooc IN .0<1506 IN ol5 30G IN .Zit26~ DN • 25 350 IN .26150 IN .28150 IN 

HEAT UANS 
HODE 

1 1827.3 1622.5- 1373.0 11>90.to 813.t, 609.7 563.8 z 2898.2 2520.7 2060.5 1539,t, 10C:8,8 653.2 568.5 3 1834.1 1629.31 1379.8 1097.1 820.2 616.5 5 70.6 

2 
2 
z 

FUEl ROD 20 TEMPERATURE USTRlBUTION IDECO~E:ES F WH:CH IS IN CHANNELISI 26. o. o. o. 
••••••••••••••••••••••••R A D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL ':UEL F lJEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS LEVEL o.ooooo IN .<;;9506 IN ·1' 300 IN o21o263 IN .25350 IN o2f:150 IN .28150 IN KODE 
1 1856.8 16lt7, 3 1392.0 1102.8 819 ... f:10.9 563.9 2 2 2952.5 2566.3 2095,4 1562.2 1039,7 b55,t, 5&8.7 z 3 1863.7 l65to.z 1398.8 l109.6 826.2 617.8 570.8 2 



TABLE E-1 (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS MOD 1 VcR 2 
E~AMPLE 1• ~-D 7X7 BW~ CLUSTER, UNIFORM INLET VELOCITY, SS + TRANSIENT 

FUEL ROD 21 TEI'IPEP.ATURE DISTRIBUTICN IDHREES F I oiHICH IS IN CHANNEL lSI 27, o, o, o. 
• • • • "• • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL 'FUEL FUEL FUEL · CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .oq5o6 IN .15300 IN .24263 IN .25350 IN o26BO IN .28150 IN HODE 

1 1856,8 16H.~ 1~92.0 1102.8 819.4 1!:10.9 563,9 2 
2 295Z,5 2566.3 2095.4 1562.2 10 39.7 E:55.1t 56B. 7 2 
3 186'1.0 1654.5 1399.1 1109.9 t126o5 618.1 571.1 2 

FUEL ROD 22 TEMPERATURE DIS TIU BUT! ON CO:EGREES F '"HICH IS IN CHANNEL lSI 28, o, o, o, 

• • • • • • • • • • • • • • • • • • • • • • • • R A 0 1 A l ? 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL ifUcL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ocooo IN .09506 IK .15300 IN .24263 IN o25350 IN o2H50 IN .28BO IN MODE 

1 203'1.0 1796.0 15 05. 8 1177.1 B55.1 t:1B.2 561t.8 2 
2 3280.~ 2B41.3 2306.3 1700.4 1106.6 1!:69,9 571.4 2 
3 204),6 1B05.6 1515.4 1186.7 86 ... 7 t-27. 8 571tolt 2 

N 
w 
-....! FUEL ROD l3 TEMPERATURE DISTRIBUTION IDEGKEES F I i11HICH IS IN CHANNELl S I 3~, o, o. o, 

• • • • • • • • • • • • • • • • • • • • • • • • R .A D 1 A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ococo IN • 09506 IN .15300 IN .Zolt263 IN .25350 IN .26150 IN .2B150 IN "DOE 

1 1753.4 1560.6 1325.~ 1059.4 798.5 606,6 563.1t 2 
2 276Z,2 2406.6 1973.2 1482.4 1001.4 6 .. 7.7 568,0 2 
3 175e.a 1565.9 1330.9 1064.7 B03.B 612.0 568.7 . 2 

FUEL ROD 24 TEMPERATURE DISTRIBUTION ID:EGRHS F oiHICH IS IN CHANNELl S I 34, o, o. o, 
• • • • • • • • • • • • • • • • • • • • • • • • R A 0 I A l p 0 s I T 1 0 N F8~r·········~r156i~~····~~t~55i~~ AXIAL FUEL FUEL FUEL FUEL HEU TRANS 

LEVtL o.ooooo IN .09506 IN .15 30 0 IN .24263 IN .25350 IN .26150 IN .28150 IN 110DE 
1 1B56,8 1647.3 1392.0 1102. B 819.~ t10.9 563.9 2 
2 295Z.5 2566.3 20~~.4 1562.2 10 39.7 655.4 56B.7 2 
3 l86<t.O 1654.5 1399.2 1110.0 826.6 618.2 571.2 z 

FUEL ROD 25 TEMPERATURE DISTRIBUTION II>EGRE~S F ioiHICH IS IN CHANNELISI 35. o. (), o, 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A l p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .09506 IN .15 300 IN .24263 IN .25350 IN .26150 IN .28150 IN MODE 

1 206).6 1820.7 1524.7 11B9.5 B61.0 619.5 565.0 2 
2 3331.9 2890.2 231tlto4 1726~ .. 1120.7 675.3 574.9 2 
3 2073.9 1831.1 153~.1 1199.9 ' 871 ... 629.8 575.3 2 



N 
w 
(X) 

TABLE E-I (continued) 

SCORE-EVET 8ENEDETT:-KISER-LORDS HOD 1 V~R. 2 
EXAMPLE 1• 3-D 7X7 S~R CLUSTER, UNIFOR~ iNLET VELOCITY• SS + TRANSIENT 

FUEL ROD 26 TEMPERATURE DISTRI 8lJITION IDE:GREES F 

I •••••••••••••••••••4••••R L D I A L 
AXIAL FUEL FUEL FUEL 
LEVEL o.ocooc IN .09506- IN .15300 ll'o 

1 1'115.9 1696.'9 11o29o'il 
l. 3066.0 2662.1 216'1.9 
3 1924.7 1705;7 llt36. 7 

FUE!- ROD 27 TEMPEHTUR.E JIS.TRIBl!TION I DEGREES F 
•••••••••••••••••••••••• R. A D 1 A L. 

AXIAL FUEL FUEL FUEL 
LEVEL •loOOOOO IN o0950f: IN .15300 Ill 

1 221o0o7 1969.3 1638.5 
2 3677.5 3177.1 Z567o1 
3 2251to7 1983.3 1652o5 

FUEL ROD 28 TEMPERATURE OISTRIBLTION ID:GREES F 

AXIAL 
LEVH 

FUEL······~··Fuet·······R 
0.00000 IN o0950f IN 

1 2181.7 
2 3551to 3 
3 2193.6 

1919.8 
3011.4 
1931.7 

1\ 0 I A L 
FUEL 
•. 15·300 llo 

1600.6 
21t82o9 
1612.5 

I 

DUMP TAKEN AT TIHE .10036E:+01 AND CY.:LE 

IIIH~CH IS IN CHANNELISI 41. o, o. o. 
p Cl s I 1 I 0 N s •••••••••••••••••••••••••••••••• 

fUEL FUEL CLADDING CLADDING 
.24263 IN .25350 IN • 2bl50 If:~ o2815C IN 

1127.6 831.3 U3.4 561t.2 
1612.5 l066o2 bbltolt 573.8 
1136 ... 1140.1 622.2 5 73 o1 

:~H l CH IS IN CHANNELCSI 42, o. o, !), 
) a s I .. I 0 N S. • • •. • • • • • • • • • • • • • • • • • • • • • • • • • • • fUEL FUEL CLADDING CLADDING 

• 2't263 IN .25350 IN .26150 IN o28150 IN 

1263.9 896.7 626.7 565.8 
1876 •• l199,1t 701.6 589.3 
1277.9 910.7 6lt0.7 579.8 

wH!CH IS IN CHANNELISI lt9, o, o, o, 
P 0 S I T I 0 N $••••·•••••••••••••••••••••••••••• FUEL FUEL CLADDING CLADDING 

.24263 IN o25350 IN .261~0 IN .28150 IN 

1239.l 
1816.~ 
125lol 

60) 

ee ... e 
1163.2 
896.8 

621t,3 
682.8 
636.3 

565.5 
571t.5 
577.5 

HEAT TRANS 
MODE 

2 
2 
2 

HEAT TRANS 
MOOE 

2 z 
2 

HEAT TRANS 
MODE 

2 z 
2 



TABLE E-I (continued) 

SCORE-EVET BENEDETTI-KI~ER-LORDS MOO 1 VER 2 
HAMPLE 11 3-D 7l7 BWR CLUS ER1 UNIFOR~ INLET VEU.IClTY, ss + TRANSIENT 

.. $CHANNEL CYCLE 5600 TIMET 3. 9 98 7 ITER 26 DELTA TIME o50000E-03' POWER AVERAGE 1o0750 KW/FT, 
X u PRESSURE DENSITY ENERGY TEMP QUAL MASS F LUll HEAT FLUX FT/SEC PSI LBM/FT3 8TU/L8M DEG F L8M/FT2•SEC 8 T U I FT 2 , HR , 1 2.159252 983.3565 47.B·472 523.4270 542.6633 c. 101.7757 o. 2 2.539348 983.3565 37.37608 543.01!90 542o563't 1.2088969E-02 91t.91087 22739.90 3 4o289386 982. 51tH 18. 6().609 578.7826 542.4636 7o4402500E-02 79.80870 41927.60 4 5.354746 982.0320 12. 86{142 610.5384 542.4007 .1297688 68.86426 22739.90 5 5o 354H6 981. 80.)0 7.114740 642.2943 542.3379 .1851351 38,09762 o. 

... CHANNEL 2 CYCLE 5600 T I MtT 3o9987 ITER 26 DELTA TIME •. 50000E-03 PO .. ER AVERAGE 1.0750 KW/FT, 
X u PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX FT/StC PS> L8MIFT3 8TU/LBM DEG F LBMIFT2•SEC 8TU/FT2,HR, 1 2o159252 983.3560 4 7.134 7 2 523.4270 542.6632 o. 101.7757 o. 2 3o0l7074 983,3560 36o02:6Q7 544.4203 51t2o5634 1o4406082E-02 109.0536 23517.33 3 4o602057 98Zo5429 18o64499 576,6337 542.4635 7o414:)551E-02 85.80532 lt3361o03 4 5.662423 982.0316 12.92432 61::1.0284 542oltC07 .1288816 73.18295 23517.33 5 5.662423 981,8000 7.203642 641.4231 542.3378 .1836197 40.79007 I o. 

•UCHANNEL 3 CYCLF 5600 TIMET 3.9987 I Tl'~ 26 DELTA TIME o50000E-03 POWER AVE::!AGE 1.0750 KW IF T • 
N 

X u PRESSURt DENS l.TY ENERGY TEMP QUAL MASS F LUll. HEAT FLUX w 
\D FT IS EC PSL LBM/FT3 BT:.J/LBM DEG F L8MIFT2•SEC 8 T U I FT 2 , HR , 1 2o159252 983.3560 47ol31t72 523.4270 542.6632 o. 101.7757 o. 2 2o759360 983,3560 36.91289 543.5348 542.5634 1o2864869E-02 101.8560 20601.96 3 4o390408 98Zo5'o29 18.9S16b 577.3714 542.4635 7.1 9H210E-02 83.33721 37985.69 4 5olt685Z8 982.0316 l3o17426 606.0814 51t2,4007 .1254945 72.04379 20601.96 5 5.468528 981.8000 7.366655 638. 7914 542.3378 o179C'o17 40.28585 o. 

... CHANNEL " CYCL[ 560C Tl MET 3.9987 ITER 26 DELTA TIME o50000E-03 POWER AVERAGE 1o0750 KWIFTo 
X u PRESSURe DENS I.TY ENERGY TEMP QUAL MASS FLUll H'AT FLUX FTISEC PSI LBM/FT3 BTU/LBM DEG F L8MIFT2•SEC 8 U/FT2,HR, 1 2.159252 963.3560 47o131472 523o'o270 51t2o6632 o. 101.7757 o. 2 3o030493 983.3560 36.031258 51t4o 4137 542.5634 1o4394491E-02 109.1965 23128.62 3 4.562943 982.51t29 16.7t321 571l.1t153 542.4635 7o336336BE-02 85.6151tlt 4261tlto31 It 5.622762 982.0316 l3o00567 609. 38 64 542.4007 .1277649 73.12778 23128.62 5 5.622762 9.81. a coo 7.24bl2tl 640.5876 542.3378 o182166'o 40. 751o50 o. 

+••CHANNEL 5 CYCLE 5600 TIPIU 3.9967 ITER 26 DELTA TIME o50000E-03 POWER AVERAGE lo 0750 KW/FTo 
X u. PRESSURE DENSITY ENeRGY TEMP QUAL MASS FLUX HEAT FLUX FTISEC PSI LBMHT3 BTUIL8M D EG F L8MIFT2•SEC 8 T U I FT 2 • HR , 1 2o159252 983.3560 47ol3472 523.4270 542.6632 o. 101.7757 o. 2 2.844755 983o3560 36.6<;124 543.7521 542.5634 1. 321t3101E-02 lOit. 3776 .21962oH 3. 4o514275 982.5429 18, 7Bl37 !:176.1169 542.4635 7o324"t351E-02 84.78427 401t94o18 4 5.591412 982.0316 13.03886 609.1267 542.4007 .1273130 72.90574 21962.47 5 5.591412 981.8000 7.29t:3t17 640.1365 542.3378 .1813816 lt0,79710 o. 

J 



TABLE E-1 (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS HOD 1 vs ~ ~ 
EXAMPLE 1· 3-D 7X7 BWR CLUSTER, UNIFORM INLET VC.LO:l y, ss + TRANSIENT 

•••CHANNEL !I CYCLE S-ilO C. llHET 3.9987 1TER ;!b DELTA TillE .50000E-03 POWER AVERAGE 1.0750 KW/FTe 

X lJ PRES :iiiJR E: DENSITY ENE~:;1 TEll P QUAL P1ASS FLUX HEAT FLUX 
FTISEC PSI LBHIFT3 I:TUILBH DEG F LBHIFT2•SEC BTU/FT2oHRo 

1 2.159252 983ol560 4 7.134 72 ,; 23. tt;no 542.6632 o. 101.7757 o. 
2 2.575748 <;83.3560 37.66357 ;.42. 61711 542.5634 1.16U:9BltE-02 97.0ll88 21768.11 
3 4ob0.:1496 982. :li42 <i 18.408l3 ;·79·.5,'l4 542.4635 7.573t:9Z2E-02 84.68656 40135.83 
4 5.692358 982.031!: 12.87803 =·10•.3973 542.4007 .129!i233 73.30636 21768.11 
5 5.692358 'i81.800C 7.347'll.4 ~41o2.;.H 542.3378 o18H098 ltl.82701 o. 

•• •CHA NNE L 7 CYCLE :i600 TI HE T 3.9<i87 ITER ~6 DELTA TillE o50C•OOE-03 POWER AVERAGE 1.0750 KW/FT. 

X u PRES)URE DENSITY t:NE.RGf TEMP QUAL MASS FLUX HEAT FLUX 
F TIS EC PSI LBHIFT3 BTU/•LHI DEG F LBMIFT2•SEC BTUIFT2.HR. 

1 2.15925-2 983.~565 47.13472 523o4Z70 542.6633 o. 101.7757 o. 
2 1o6740b0 983.~565 40.62494 5'tCio zrt77 542.5634 7.llt39809E-03 68.00857 18075.31 
3 'to568473 982.~'t33 17.4!ib60 583.4769 542.'t636 8.25H812E-02 79. 7't999 33327.07 

" 5.568114 'l82.C·320 12.-65555 1>12.2:)80 5't2.4007 .1326733 70.'t6756 18075.31 
5 5o5bt11l4 981.EOOO 7ot154503 1blo0. 9371 542.3319 o18V728 43.73477 o. 

N ... CHANNEL 9 CYCLE !;bOO 7IMET 3.9987 HER 26 DELTA riME .50IIOOE-03 POWER AVERAGE 1.0750 KW/FTe 
~ 
0 X u PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX 

F TIS EC PSI LBII/FT3 HUILBM DEG F LBI11FT2•SEC BTUIFT2 • HR. 
1 2.1592~2 983.3554 47.13472 52~ .4270 542 •. 66 32 D. 101.7757 o. 
2 3.ll't3~7 983.3554 36.23817 :54'·. 2.045 5't2. 5633 1.403D609E-02 ll2o8586 20018.89 
3 4.7Z't716 982.5424 19.0'1559 576.95'tl 5't2.'t634 7 .122H22E-02 90.22238 36910.63 
4 5.8352:;8 982.0310 13.30724 ~o• .o751 542.4006 .12H't't1 77.65089 20018.89 
5 5.8352~8 ·~81.1!000 7.518882 ~31 .1961 542.3318 .176~668 't3o87't't7 o. 

•••CHANNEL 10 CYCLE SbOO ITIIIET 3.998 7 ITER 26 DELTA TillE .501)00E-03 POWER AVERAGE 1.0750 KW/FT. 

X u ?RES:iURE DENSITY EHE ~.GY TEP1P OUAL PUSS FLUX HEAT FLUX 
FT/SEC PSI LBM/FT3 BTUI,LBII DEG F LBI11FT2•SE:C BTUIFT2.HA. 

1 2.15-i252 983 •. 3551t 47.131t72 52l.lt270 51t2.6632 o. 101.7757 o. 
2 Z.9127Z1 983.355~ 36.87589 54).~708 5't2.5633 1.29Z1687E-02 107.'t092 17880.95 
3 't.565803 982.5423 19.37657 575 ,.<;lt65 542.'t63't 6. 94b!!101E-02 88.'t6959 32968.71 
4 5.692365 982 .·;)310 13.5l757 1605 •. ;242 542.'t00b .12l:Hb0 76.9't693 17880.95 
5 5.692365 981.3000 7.656569 635.)020 5't2o3378 .172f>Z't0 't3. 595 37 o. 

••*CHANNEL ll CYCLE 5600 TIMET 3. q 981 IHR 26 DELTA TIME .50000E-03 POWER AVERAGE 1.0750 KWIFT. 

X u PRE~5URE DENSITY ENi:UY TEIIP QUAL MASS FLUX HEAT FLUX 
FTISEC PSI LBM/FT3 8TIJ!l811 DEG F LBMIFT2•SEC BTU/FT2.HR. 

1 2.1592')2 983.3554 47.13472 52:!.~270 5't2.6632 o. 101.7757 o. 
2 3.231572 983.H54 35.tllo312 5H ,6084 542.5633 1.4B3519E-02 115 •. a 2119 21962.'t7 
3 4.8271H 982.5423 18.88831 5 71.1167 542.4634 7.251t827'tE-02 91.17642 'tO't9'tol8 
4 5.9195·H 982.0310 13.22156 b:Jl. 7210 542o't006 .121t-8678 78.26586 2196 2. 't7 
5 5.9195·~4 981,6000 7.554801 63:1.7254 542.3378 .1711813 44.72113 o. 





TABLE E-l (continued) 

SCORE-EVET B~NEDETH-Kl~ER-LORDS HOD 1 V- R 2 
EXAHPLE 1, 3-D 117 BWR ~LUS ER, UNIFOiM INLET \H8C ITY, s ~- + TRANSIENT 

***CHANNEL 19 CYCLE 560() TlMt:l 3.9987 ITER 2·!> DELTA TIME .50000E-Q3 POWER AVERAGE 1.0750 KW/FT. 

)( u PRESSURE DENSITY ENdGY TEMP QUAL MASS FLUK HEAT FLUX 
FT/SI:C PSI LBM/fT3 Bf'JHBM OEG F LBM/FT2*SEC BTU/FTZ.HR. 

1 2.159252 983.3551t lt7.1H72 523.4270 51t2.663Z o. 101.7757 o. 
2 2. 5()80)37 983.35!H 37.88135 51t~.6150 51t2.5b33 1.1261t201tE-02 97.28072 17297.87 
3 lt.521t5~1t 982.51t23 19.11t282 5711.7827 51t2 .lt631t 7.092312i7E-02 86.61H6 31893.65 
It 5.&55629 982.0310 13.52063 605.5006 51t2.1t006 o121001t~ 76.1t6880 17297.87 
5 5.655629 981.8000 7.8986it2 63't.ll81t 51t2.3378 .171086-!1 ltlt.67292 o. 

***CHANNEL 20 CYCLE 5600 TIMET 3.9987 1 TER 26 DELTA TIME • 50000E-!)3 POWER AVERAGE 1.0750 KW/FT • 

X u PliES SURE DENSlTY E:N£RGY TEMP QUAL MASS FLUX HEAT FLUX 
FT/SEC PSI LBM/FT3 BTlJfLBM DEG F LBM/FTZ*SEC BTU/FTZoHR. 

1 2.159252 983. 3551t -~~:t~~I~ 523 ... 270 51t2.6632 o. 101.7757 o. 
2 2.515121t 983.3551t 542.4687 51t2.5633 1.10096G3E-02 95.67556 17103.52 
3 lt.569952 982.51t23 19.008it0 '.177.2729 51t2.1t631t 7 .177600/tE-02 86.86750 31535.29 
It 5.712330 982.0310 13.1t1982 6()6 .2389 51t2.1t006 .122289-lt 76.6581tlt 17103.52 
5 5.712330 981 •. 800u 7.831236 6315.2050 51t2.3378 .1 72 BOla· H.731t61 o. 

N 
•••CHANNEL 21 CYCLE 5600 TIMET 3.9987 ITER 26 DELTA TlME • 50000E-03 POWER AVERAGE 1.0750 KW/FTo 

.p. X u PRESSURE DENSITY ENE~.GY TEMP QUAL MASS FLUX HEAT FLUX N FTISEC PSI LBMIF T3 BWILBM DEG F LBM/FT2*SEC BTU/FTZ.HR. 
1 2.1592:52 983.3560 47.131t72 523 .... 270 51t2.6632 o. 101.7757 o. 
2 2elt25023 983.3560 37.99125 51t2.5136 H2.5631t lo10B7H2E-02 92.12963 201t07.60 
3 lt.lt90976 982.51t29 18.4~713 519.3581 51t2olt635 7. 5 lt\H9 el E-02 82.89052 37627.31t 
It 5.568986 982.0316 12.99782 6ii9 .... 1t80 HZ. lt007 ol276H9 n. 38HO 201t07.60 
5 5.568986 981.8000 7.53e519 6~9.5379 51t2.3378 .1803H<; H .98191 · o. ' 

U*CHANNEL 25 CYCLE 560{, TIMET 3.9987 ITER 2b DELTA TIME .5000CE·03 POWER AVERAGE 1.0750 Klii/FTo 

X u PRE)SURE DENSITY EHRGY TEMP QUAL MASS FLUX HEAT FLUX 
FT/SEC PSI L8M/FT3 BTUIL8M OEG F L8M/FT2*SEC 8TU/FTZoHR • 

1 2.159252 9B.3551t lt7el~lt72 5<.~· .ltZ 70 51t2.6632 o. 101.7757 o. 
2 Z.lt39e73 983 •. 3551t 38.23177 5t.z .2937 H2.5633 1o07050l6E-OZ 93.28068 16711t.80 
3 lt.lt78l01 982:.51t23 19.1v3t:~t 5 76 •. 9zt,9 51tZolt634 7 .117046€-E-02 85.55950 30818.58 
It 5.604435 982: .• 03l0 13.55252 6~5.2712 5H.It006 .12060~6 .75.951t20 167llt.80 
5 5e601t435 . 98l.i!OOO 8.001391 63:1.6175 51t2.3378 .1700HZ lt4o81t3Z8 a • 

•••CHANNEL 26 CYCLE 5600 TIMET 3.9987 ITER Z6 DELTA TIME • 5000IE-03 POWER AVERAGE 1o0750 KW/FTo 

X u PRESSUH DENSITY ErtERGY TE"P QUAL MASS FLUX HEAT flU). 
FT/SEC PSI L8M/FT3 BTU'l8M OEG F LBM/FTZ*SEC BTU/FT2.HR. 

1 2.159252 98~.3551t lt7.131t7Z 5Bolt270 HZ o 66 32 o. 101.7757 o. z 2.399120 983o3551t 38.30626 5oi2oZZ6l 51tZo5633 1o056H"r)E-OZ 91.90130 17103.52 
3 lto520Q15 982.51t23 18.921tiZ 517.5923 51tZ. lt631o 7.Z331619E-OZ 85.51t391t 31B5.29 
It 5.61t3907 982o031Q 13.1t7611 60§.8261 HZ.,006 .12157:&.2 76.05792 17103.52 
5 5.6lt3907 981.8000 8.030it02 6H .0598 51t2.3378 .170810§ lt5.32281t o. 



TABLE E-I (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS 110D 1 VE R 2 
EXAMPLE 1, 3-D 7X' BWR CLUSTER, UNIFOR~ INLET VHOC ITY, ss + TRANSIENT 

•••CHANNEL 27 CYCLE 5600 TIHET 3-.9987 ITER 26 DELTA TIHE .50000E-03 POWER AVERAGE 1o0750 KW/FT • 
>: u PRESSURE DENSITY ENERGY TEHP QUAL HASS FLUX HEAT FLUX FT/SEC PSI LBH/Fl3 BTUILBH DEG F LBH/FTZ•SEC BTU/FTZ.HR. 1 2.159252 983.3554 47.13472 523.4270 542.6632 o. 101.7757 o. <: 2.435597 983.3554 H .zz8.15 542.2970 542.5633 l.07l07't5E-OZ 93.10837 17103.52 :; 4.56~297 982.5423 18.88509 577.7ZtH 542.to634 7.2569135E-OZ 86.17828 31535.29 4 5.695258 982.0310 13. 400'94 bOb. 3782 542.4006 :H~~~lt 76.32182 17103.52 
~ 5.695258 981.8000 7, 91b7'H 635.0276 542.3378 45.08817 o. 

... CHANNEL 28 CYCLE 5600 T I HET 3.9987 ITER 26 DELTA TIHE .50000E-03 POWER AVERAGE 1o0750 KW/FTe 
X u PRESSURE DENS In' ENERGY TEHP QUAL HASS FLUX .HEAT FLUX FT/SEC PSI LBH/FT3 BTU/LBH DEG F L8H/FTZ•SEC 8TU/FTZ.HR. 1 2.159252 983.3560 47.13472 523.4270 542.6632 o. 101.7757 o. z 2.356364 983.3560 38.195-59 542.3267 542.5634 l.07b2287E-02 90.00269 191t35.81 
3 4.417924 982.5429 18.55807 578.9670 542.4635 7.47Z35bOE-OZ 81.98814 35835.56 
4 5.497944 982.0316 13. OHZ3 608.8591t 51tZ.It007 o1Z68ft79 71.87589 19435.81 5 5. 49l91t4 981.8000 7.588~" 638.7517 542.3378 .1789723 41.72056 o. 

N •••CHANNEL B CYCLE 5600 TIMET 3.9987 ITER 26 DELTA TIHE .50000E-03 POWER AVERAGE 1o0750 KW/FTo 
-~=:> >: u PRE)SURE DENSITY cNERGY TEI1P QUAL HASS FLUX HEAT FLUX w FT/SEC PSI LBI1/F l3 BTUILBI1 DEG F LBI1/FTZ•SEC BTU/FT2.HR. 1 Zol5G252 983.3554 47.134-72 523.4270 51t2.bb3Z o. 101.7757 o. 

? Zo241t320 983.3554 38. 6(12.07 541.7832 HZ. 5633 9o8l65lt70E-03 87.08426 1571t3o0l 
~ 4.1t883ZB 982.5423 H. 91~17 577.5999 54Zolt631t 7. Z31t501tZE-OZ 84.91814 29026.80 
4 5.b1t:314 982.0310 13.51 T.t>9 61)5. 52 3lt 51tZ.toOOb o1Zl0lt45 75.91958 1571t3o01 
~· 5.b1t:314 981.8000 8.115606 633, Hb8 HZ .3378 .1b97HO 45.57979 o. 

•••CHANNEL 34 CYCLE 5600 T IMH 3.9987 ITER Zb DELTA TI11E o50000E-03 POWER AVERAGE lo0750 KW/FTo 
>: u PRESSURE DENSITY ENERGY TEMP QUAL 11ASS FLUX HEAT FLUX FT/SEC PSI LB11/Fl3 BTU/LB11 OEG F L811/FTZ•SEC BTUIFTZ.HR. 
l 2.159252 983 •. 3554 47.134-12 523.427(;, 542.6632 o. 101.7757 o. z Zolt5~4b6 983 •. 3554 3e .1751.56 54Z,34<t8 51tZ.5b33 1.07940 24E-OZ 93.66Zit5 17103.52 :> ... 5blt045· 982.5423 16.906.75 577.6482 54Z.It631t 7 .Zit29C 5ZE-02 8b.Z91Z9 31535.29 L 5.698320 982.1)310 13.40171 6(16.3725 542.401)6 .1225217 76.36725 17103.52 5 5.69S320 981.8000. 7.89b671t 635.0967 542.3378 .1726143 lt4. 997 77 o. 

•••CHANNEL 35 CYCLE 5600 Tli1ET 3-.9987 1 TER 26 DELTA TI11E o50000E-03 POWER AVERAGE 1o0750 KW/FTo 
>: u PRESSURE DENSITY ENERGY TEHP QUAL HASS FLUX HEAT FLUX FT/SEC PSI LBM/FT3 BTU/LBM DEG F L8H/FT2•SEC BTU/FT2.HR. 1 2.15G25Z 983.3560 47.134-72 523.4270 542.6632 o. 101.7757 o. 2 2olt't5537 9113.3560 37.913-lC:. 542o5S57 5<t2.5b31t lo1213112E-02 92.71792 1982t,. 53 
3 4.42129?. 982.5429 16.62800 578.6986 542.4635 7.425b511E-02 82.35985 3b55Z.Z7 '- 5o501t964 982.0316 13. 07 3(,3 608.8609 542.4007 .1268506 71.96658 19824.53 5 5.50't9b4 981.8000 7.5lll0b4 639.0232 5't2.3378 .1794,48 'tl.38bb8 o • 

.. - f''j 



Tt\BLE E-I (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS MOO 1 v:R 2 
EXAMPLE 1. 3-0 7X7 BWR CLUSTER, UNIFORM INLeT VELa: In, s s + TRANSIENT 

•••CHANNEL 41 CYCLE 560C lll MET 3o9987 IHR ~b DELTA TIME .50000E-03 II' DWEll AVERAGE 1.0750 KW/FT, 
X u PRESSURE DENSITY ENERGY TEMP OJAL MA:OS HUX HEAT FLUX 

FTISEC PSI LBM/FT3 eTUILB11 OEG F LUIFtz•SEC BTU/FTZ.HR, 
1 2ol59252 983.l55' 47.13412 ~23. 42 70 542.6632 ;). l.O:L. 1757 o. 
2 2.669305 983.l55'- 37.~5571 ~42.9189 5lt2.5633 1.1793215E-02 1.00.2476 17880.95 
3 4.631518 98 2 .-5•42 ::. 18.97107. ~·11. 4103 54Z.It634 7.201505ltE-OZ 87.861t85 32968.71 4 5.1721t26 Q82.031C• 13.32366 f06.'9523 51t2.1t006 .• 1235303 7·6 .90986 17880.95 
5 5.772426 98 1o ·300(• 7.676257 E-36. "o942 542.3318 • 17501t56 44.31063 o • 

... CHANNEL 42 CYCLE :i600 1 I MET 3.9987 ITER ~6 DELTA TIME .sooooe-03 P•JWER AVERAGE 1.0750 KW/FT, 
X u FRES:iURE DENSiTY t;:NERGY TEMP OliA>L I''IA iS FLUX HEAT FLUX F TIS EC PSI LBM/FT3 HlJI/LBM OEG F L8~/FT2•SEC 8TU/FT2.HR. 
1 2.159252 983.3560 47.13472 :023..·1tl70 51t2. 66 32 o. 101.7757 o. 
2 2.132804 983.~560 36.98794 ;t,3 .• 1t61tl 51t2.5631t l.Z731Bit2E-DZ 101.0808 22156.83 3 4. 55799'9 982, 51t2<1 18.52282 579.1031 51t2.1t635 1. 49603ZlE-02 81t.42700 40852.51t 4 5. 6358 36 982. J31e, 12.91720 ~1u • .OB't9 542,4007 .1289800 12.79921 22156.83 5 5. 6358l6 981 .• ~000 7. 311576 !lltlo<lb 68 542.3378 .1829997 ltlo20681t o. 

N ... CHANNEL lt9 CYCLE 5600 -IMET 3.9987 ITER +::> 26 DELTA TIME .50000E-03 PJWER AVERAGE 1.0750 KW/FT, 
+::> X u PRESSURE DENSITY ENERGY TEMP QUAL I'A5S FLUX HEAT FLUX FT/SEC PSI L811/FT3 BTUfLBM OEG F LB'41FTz•sec 8TU/FT2 .HR, 

1 2o159252 983. 56~ lt7ol3472 523.4270 542.6633 o. 101.7157 o. 2 2.265883 983. 565 38.32331 542.2109 51t2.5631t 1o0560b2bE-02 eb.83613 21379.39 3 lto308lt32 982. lt33 18.35543 !979,.7565 51t2.1t636 1,b097085E~02 19.08313 39419.11 4 5. 369lt71 982. 320 12.82316 b1Q.8331 51t2.1t007 .1302901 EB.85367 21379.39 5 5.369471 q81. OOCI 7.2.90886 blt1.9196 51t2o3379 .18ltlt831 ::.9.llt8Z5 o. 



... 

TABLE E-I (continued) 

SCORE-EVET BENEDETTI-KIStR-LO~DS MOD 1 VtR 2 
EXAMPLE 1• 3-D 7X7 BW~ CLUSTER, UNIFORM INLET VELOCITY, SS + TRANSIENT 

FUEL ROD 1 TEMPERATURE DISTRii!UTION <D:GREES ~ ) WHICH IS IN CHANNEL lSI 1· o. c. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R !!. D I A L I" 0 s I T I 0 NFGEt·········ct1ooiNG·····ctiooiNG AXIAL FUEL FUEL =uEL FUEL 

LEVEL o.oooco IN .09506 IN .15, 3()0 IN .l't263 IN .25350 IN .26150 IN .2B150 IN 
HEAT TRANS 

"ODE 

1 701.9 676.8 646.4 611.9 578.0 553.1 547.5 2 
2 83!.7 787.6 731.4 667.8 605.4 559.6 51t9.2 2 
3 701. 7 676.7 646.2 611.7 577.9' 553.0 51t7.4 2 

FUEL ROD 2 TEMPHATURE DISTRIBUTION lD:GREES F ) WHICH IS IN CHANNEL< Sl 2· o. o. o. 
•••••••••••••••••••••••• p r. D I A L p 0 s I T I 0 N s . ••..•..•...•..•••••.••.......... 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL o.oooc-o IN .09506 IN .1530'0 IN .24263 IN .25 35 0 IN .26150 IN .28150 IN 

HEAT TRANS 
"ODE 

1 701.2 681.'t ·649. 8 614.1 579.2 553.1t 547.6 
2 Bit!. • 6 795.9 737 .• tl 672.0 607.5 560.0 51t9.3 

2 
2 

N 
3 701.1 681.2 649.7 6llt. 0 579.0 553.3 51t7.5 2 

~ 
U1 

FUEL ROD 3 TEHPE~.ATURE DISTRIBUTION <DtG~EES F ) WH I.C H IS IN CHANNEL( S) 3• o. o, o, 

• • • • • • • • • • • • • • • • • • • • • • • • R A D I A !. p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .09506 IN .15300 IN .24263 IN .25350 IN .26150 IN .28150 IN "ODE 

1 687.1 664.5 6 36.8 605.6 57ft .9 552.1t 51o7.3 2 
2 806.7 764.9 714 .o 656.3 599.8 55tl.3 548.9 2 
3 686.9 66't.3 636.7 605.1t 571t.8 552.2 51t7.1 2 

FUEL ROD " TEHPEF:ATURE DISTRIBUTION <DEGREES F ) WHICH IS IN CHANNEL<Sl 'It. o. o. o. 
• • • • •· • • • • ,, • • • • • • • ., • • • • • •. R A D I A L i' 0 s I T I 0 N s . ••..............••......•...... 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .09506 IN • 15 300 I'l .21t263 IN .25350 IN • 26150 IN .28150 IN "ODE 

1 70'o.5 679.1 648.1 613.0 578.6 553.3 547.6 2 z 838.7 791. tl 734.6 669.9 606.5 559.8 51t9.3 
3 704olt 67d.9 61t7.9 612.8 578.1t 553.1 54?.1t 

2 
2 

FUEL ROD 5 TEMHP.ATUH DISTRIBUTION < DHR El: S F ) WHICH IS IN CHANNEL<Sl 5. o. o. o. 
• • • • • • • • • ' • • • ·, • • • • • • • • • • R A D I A L ? 0 s I T I 0 N s . ........•.•....••............•. 

AXIAL FUEL FUEL fUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN • 09506 IN .1' 300 IN • Zlt263 IN • 2 5 35 0 IN .26150 IN .28150 IN MODE 

1 696.5 672.3 61t2.9 609.6 576.9 552.9 547.5 
2 82).9 779.4 725.1 ..... '66 3. 6 -~n:~ 559.1 51t9 o1 
3 696.3 672.2 642'. 7 609.1t 552.7 51o7.3 

2 
2 
2 



TABLE E-l (continued) 

SCORE-EVET BENEDETTI-KISER--ORDS HOD 1 VER 2 
EXAHPLE 1• 3-D 7X7 BWR CLUSTER, UNIFORM INLET VELGCITY, SS: + TRANSIENT 

FUEL ROD 6 TEHPERATURf OISfRIBUriON I DEGREES F I itHICH IS IN CHANNELCSI 6, o, o~ o. 
• • • • • • • • • • • " • • • • • • • • • • • • R " D 1 A L f< 0 s I T I 0 N s ..•••..••.....•...••.•.•.......•. 

AXIAL FUEL FUEL FUEL FiUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL O.OOOOCi [N • 095 06 IN .15300 IN .24263 IN .25350 IN .261:5C• IN • 28150 IN II ODE 

1 695.2 671.2 642.0 609.(! 576.6 552.c 5H.4 2 
2 621.4 777.3 723.5 662.t: 602.9 559.0 51tq .1 2 
3 695.0 671.1 b41.9 b06.8 576.5 552.6 547.3 2 

FUEL ROD 7 iE11PERATURE OISTRIBlJTION IDE:GREES F WH lC H IS IN CHANNELCSI 7. o, o. o. 
•••••••••••••••••••••••• R. ' D I A l p () s I T I 0 N s . ............................ •· .... 

AX lAL FUEL FUEL FUEL FUEL FUEL · CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .09500. IN -15300 IN .24263 IN .25350 IN • 26151 lH • 28150 IN II ODE 

1 669.7 649,-6 625.6 598.1 571.2 551.5 51t7.0 2 
2 711t. 6 738.0 693.3 642,-: 593.2 556 .. 7 548.5 2 
3 669.5 b49 ··b b25.4 598 •. Co 571.1 551.3 546.8 2 

N 
.p. 
0"1 

FUEL ROD 8 TEMPERATURE JIS,TRIBL;TlON !DEGREES f f>IHJCH IS IN CHANNELISI 9. o~ 0. o. 
• • • • • • • • • • • ·• • • • • • • .. • • • • • R .. D I A. L. .) 0 s I i [ 0 N s . ...........•.••...•. I •••••••••• 

AXIAL FUEL FUEL :=uE L FUEL FUEL CLADDI~G CLACOING HEAT TRANS 
LEVEL •), OliOOO IN •. 0950f: IN .15300 HI .24263 IN • 25 350 IN .2615) IN .28150 IN MODE 

1 683.1 661.1 631t.2 603.1 57lte1 552.2 5~7.2 2 2 199.3 758.7 709.2 653.2 598.3 557,'\1 5'8.8 2 3 682.9 660.9 63't.l 603.1 573.9 552.D 5'7.1 2 

FUEL ROO 9 TEMPERATURE ·D I STR I BLITI ON IO~GREES F wrt:CH IS 11-t CHANNELISI 10• o. o. o. 
• • • • • • • • • • ·• • • • • • • • • • • • • • R " 0 I A l p 0 s I T I 0 N s . .• e e e e e e e e e. e e e •• I e e I e e e e e I• e e e e 

AXIAL FUEL FUEl FUEL t=UEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN • 0950~· IN .15300 u. .24263 IN .25350 IN • 26150 IN .28~50 IN II ODE 

1 6!::8.3 6't8. 7 624.7 597.5 570.9 551 .... 5'17.0 z 
2 772.2 735.9 b91.7 641.1 592.7 556..6 5't8.5 2 
3 6b8.2 bot6.5 624.~ 597 ... 570.8 551 .. 2 5 •6. a· 2 . 

FUEL ROD 10 TEMPERA lURE DISTRIBUTION lOEGREES F WHICH IS IN CHANNEll 51 ll• o, Cb o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A 0 I A. ~. p ) s I IT I 0 N s e e e e e e e e e e e e I e e l•e I e e e • e e e e e I e I e e 

AXIAL FUEL FUEL FUEL •uEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .0~501> IN .15300 I 'I .24263 IN .25350 IN .26150 IN .28150 IN MODE 

1 6Cf6.5 672.3 642.q b09.fl 576.9 55Z.9 5H.5 2 
2 823.q 779.4 7.25.1 b63.fl 603.4 55Q.l 5·19 .1 2 
3 696.3 6 72.2 642.7 b09 ·" 576.7 55Z.7 5·17. 3 2 

.. 



N 
~ 
........ 

' ' 

TABLE E-1 (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS MOU 1 VER 2 
E(A~PLE 1 1 3-0 7X7 BWR CLUSTER, UNIFO~M INLET VELOCITY, SS + TRANSIENT 

FUEL ROO 11 TE~PE~ATURE DISTRIBUTION H•EGR EE S F I WHICH IS IN CHANNELISI lii~, o,· o. o. 
• • • • ·• • • • •"·• • • • • • • • • • • • • • • R A 0 I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL FUE:L FUEL FUEL CLADDING CLADDING 
LEVEL O,OGO::(I IN ,(,9506 IN .1·5 300 IN .2'<263 IN .25351) IN .26150 IN .28150 IN 

1 68~ ... 658.8 632.5 602.7 573.5 552.0 5't7.2 z 794.'t 75't.6 706.0 651.1 597.3 557.7 5'<8.7 
3 680.2 658.7 632.3 602.5 573.3 551.9 5't7.0 

FUEL ROO 12 TE~PEHTURE DISTRIBUTION IC·tGREES F I "HICH IS IN CHANNEL lSI 13. o. o. o. 
•••••••••••••••·•••••••••R A D I A L p 0 s I T I 0 N 5 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • AXIAL FUEL FUEL FUel FUEL FUEL CLADDING CLADDING 

LEVEL o.ooo:>o IN .09506 IN .1530u IN .2't263 IN .25350 IN .26150 IN .28150 IN 

1 663.1 661.1 6 3't. 2 603.6 57'<.1 552.2 547.2 
2 79~.3 758.7 709.2 653.2 598.3 557.9, 5't8,8 
3 682.9 660.9 634.1 603.7 573.9 552.0 5't7.1 

FUEL ROO 13 TE~PEUTUR~ DISTRIBUTION IC~GREES F I WHICH IS IN CHANNELl S I 11 .. o. o. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A 0 I A L p 0 s I T I 0 N s •••••••••••••••••• ~ ••••••••••••• 

AXIAL FUEL FUEL fUEL FUEL FUEL CLADDING CLADDING 
LEVEL o.oco:>o IN .09506 IN .15300 IN .2't263 IN .25350 IN .26150 IN .26150 IN 

1 671.0 650.9 626o't 596.7 571.5 551.5 547.0 
2 771.1 HO.l 69't.9 6't3.6 593.7 556.8 548.5 
3 67;:1. 8 650.8 626.3 598.5 571.'< 55l.'t 5't6e9 

FUEL ROO l't'TE~PEHTUR: DISTRIBUTION ICEGREtS F I WHICH IS IN CHANNEL lSI 17. o •. o. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A 0 I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEt O. OOO•JO IN .09506 IN. • 1~ 300 IN .2'<263 IN .25350 IN .26150 IN ~28150 IN 

1 661.7 659.9 633.'t 60 3.3 573.6 552.1 5't7.2 
2 796.8 756.6 707.6 652.2 597.8 557.6 546,6 
3 681.6 659.8 633.2 603.1 573.6 551.9 5't7.1 

FUEL ROO 15 TE~PEHTURi: DISTRIBUTION ICEGREES f I WHICH IS IN CHANNEL lSI 16, o. o. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A 0 I A L p 0 ·S I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL o.ooo~o IN .09506 IN .15300 IN .2't263 IN .25350 IN .26150 IN .28150 IN 

l 66'1. 7 6't9,6 625.o ~98,1 57.1.2 551.5 547.0 
2 77 ... 6 738 .o 693.3 6't2e7 593.2 556.7 5't8.5 
3 6b~.5 6't9.b 625 ... 596.0 5 71.1 551.3 5't6.8 

HEAT TRANS 
110DE 

2 
2 
2 

HEAT TRANS 
~ODE 

2 
2 
2 

HEAT TRANS 
~ODE 

2 
z 
2 

HEAT TRANS 
~ODE 

2 
2 
2 

HEAT TRANS 
~ODE 

2 
2 
2 
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~ 
co 

TA3L: E-I (continued) 

SCORE-EVET BENEOET;I-~ISER-LORDS HOD l VE~ Z 
EXAMPLE l• 3-0 7X7 BWR CLUSTER, UNIFORM INLET ~ELO;ITY, Si + TRANSIENT 

FUEL ROO 16 TEH'PERATURE DISTRIBUTION !DEGREES F I WHICH IS IN CHANNELISI 19, o, Q, o, 

FUEL 

FUEL 

FUEL 

FUEL 

AXIAL 
LEVEL 

l 
2 
3 

ROO 17 

AXIAL 
LEVEL 

l 
2 
3 

ROO 18 

AXIAL 
LEVEL 

l 
2 
3 

ROO i9 

AXIAL 
LEVEL 

1 
2 
3 

ROD 20 

AXIAL 
LEVEL 

1 
2 
3 

·, 

• • • • • • • • • • .. • • • • • • • I ••••• R 
FUEL FUEl 

0.00000 IN .0950b IN 

661t.3 
761toB 
6t:lt.l 

61t5. 3 
729.7 
61t5.1 

AOIAL . 
FUEL 
.15300 1"1 

622.1 
687.0 
621.9 

TEMPERATURE DI$TRIBIJTION !DEGREES F 

•••••••••••••••••• I ••••• R A 0 l A IL 
FUEL =uEL FUEL o.ooooo IN .095i;):, IN .15300 IN 

662.9 61tltol 6 21. 2 
762.3 727.6 68>,<, 
662.8 blt4.0 621 ol 

TEMPERATUPE OISTRIB~TION ICEGREES F 

• • • • • • • • • • • • • .. • • • • .. • • • • • R A 0 I A L 
FUEL FUEL FUEL o.ooooo IN ,QG5()6 IN .lHOO l'l 

685.8 66 31. 3 636.0 
801to2 76l.. 8 712." 
685.6 66 3:.2 6 35.8 

TEMPERATURE OISTRIE!UTION !DEGREES F-

• • • • • • • • • • • • •· • • • • • • • • • • • R A 0 1 A L 
FUEL FUEL FUel o.ooooo IN .09506 IN .15300 :N 

660.3 64).9 619.5 
757.4 12:.5 682.2 
660.1 64).7 619.3 

TEHPERATUR~ OJ S TRIE UT ION I D EGR.E.E S ;: 

• I ....................... R A 0 I A L 
FUEL FUi:L FUEL o.ooooo IN ,0'15CI6 IN .15300 ~N 

662,9 ·!>4 ~. 1 b21o2 
762.3 72 ... 6 68!1. 4· 
662.8 64'toU 621.1. 

P J S I r I 0 
FUEL 
.H263 IN 

595.8 
638.6 
595.7 

N S•••••••••••••••••••••••••••,••••• 
FUEL CLADDING CLADDING 
.25350 IN .26150 IN .28150 IN 

5 70.1 
591.1 
569.9 

551.2 
556.2 
551.0 

5·96i9 
5 ;,a. 4 
5:.6,7 

~HI:H IS IN CHANNELISI zo, o, O, o, 
P !0 S I l I 0 N $•••••••••••••••••••••••••••••••• 

F J E L • FUEL C LA 0 0 I NG C L 0 0 IN G 
.21t26l IN ,25350 IN o2t:150 IN ,28150 IN 

595 •. 3 
63 7 .. 5 
595 .. 1 

569,8 
590ob 
569.6 

551.1 
556.1 
55o,q 

51t6o9 
51t8.3 
5't6o7 

lo!HICH IS IN CHANNELISI 21, o, o. 
F' 0 S I T I 0 

PUEL 
.2426:! I•~ 

605.0 
655,3 
604,8 

N S•••••••••••••••••••••••~•••••••• FUEL CLADDING CLADDING 
.25350 IN o2b150 IN .28150 IN 

574,6 
599,3 
574.5 

552.3 
558.1 
552.2 

547.3 
51t8.9 
51t7o1 

IIH IC H I c· -· IN CHANNEl lSI 25, C·, o, 0• 
t> (• s I T I 0 N s •••••••••••••••••••••••••••••••• 

FUEL FUEL CLADDING CUDDING 
.24263 IN .25350 IN .26150 IN o2El50 IN 

!194.1 569.2 551o0 ~·lt6. 8 
635.1, :}89.6 555,9 ~·48,3 
59 3 .. 9 569.1 550.8 ~46.7 

o/HICH I; IN CHANNELISI 2 6, o. o. o. 
p D s 1 T I 0 N s ••••••••••• t ••••••••••• •e •• I ••••• 

FUEL FUEL CLADDING CLADDING 
,21tZ63 IN .25350 IN .26150 IN o2-3150 IN 

595.3 56q.s 551.1 j46o9 
637.5 590,6 556.1 ;48.3 
595.1 569.6 550.9 ;t,6.7 

HEAT TRANS 
110DE 

2 
2 
2 

HEAT TRANS 
HODE 

2 
2 
2 

HEAT TRANS 
MODE 
. 2 

2 
2 

HEAT TRANS 
HOOE 

2 
2 
2 

HEAT TRANS 
"ODE 

2 
2 
2 



TABLE E-1 (continued) 

SCJRE-E VET BENEDETTI -K 1 SER-LiJRDS M.OD .1 VER 2 
E~AMPLE 1, 3-D 7X7 BWR CLUSTER, UNIFORM INLET VELOCITY, SS + TRANSIENT 

FUEL ROD 26 TEMPE~ATURE DISTRIBUTION luEGREES F l WHICH IS IN CHANNELISl ~1• o, o, o, 

• • • • • • • • • • • • •• • • • • • • • • •• R A D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUtL FUEL FUEL .CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .09506 IN .15300 IN .24263 IN • 2 5 350 IN .2b150 IN .28150 IN HODE 

1 66!!.3 64B.7 624.7 597.5 570.9 55l.lt 547.0 2 
2 772.2 735.9 691.7 641.7 592.7 556.6 546.5 2 
3 669.2 646.5 624.~ 597.4 570.8 551.2 546.8 2 

FUEL ROD 27 TEMPEUTURE DISTRIBUTION II: EGREtS F WHICH IS IN CHANNEL lSI 42• o, o. o • 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L . p· 0 s I T I 0 N s ................................. 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL O.OOO•:JO IN .09506 It; • l:i 3vo IN .24263 IN • 2 5 35 0 IN .26150 IN • 26150 IN HODE 

1 b97,B 673.5 643.8 610.1 5 77.2 552.9 547,5 2 
2 626,4 781.4 726.7 664.7 603.9 559.2 549.1 2 
3 69 7. 7 b 13.3 643.6 610.0 5 77 .o 552.8 547.3 2 

N 
.;::. 
<.0 FUEL ROD 28 TEMPERATURE DISTRIBUTION IDEGRI:ES F 'liHICH IS IN CHANNELISl lt9, o, o, o, 

• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L I' 0 5 I T I 0 N S • • • • • • • • • •. • • • • • • • • • • • • • • • • • • • • • • 
AXIAL FUEL ·FUEL. FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .09506 IN .1;300 IN .24263 IN .25350 IN .26150 IN .26150 IN HODE 

1 69Z.5 669.0 blt0.3 607.9 576.0 552.7 547.4 2 
2 816.5 773.2 720.3 660.5 b01.9 556.7 51t9.0 2 
3 69Z.3 666.8 61t0.1 607.7 575.9 ~52.5 547.2 2 

CoUHP TA~EN AT T:ME ,399137E+Ol AND CYCLE 5600 



T~BLE E-I (continued) 

SCORE-EVET 8ENEOETil-KlSE~-LOROS MOO 1 VER 2 
EXAMPLE 1• 3-0 7X7 81/R C'LUSJER,· uNHOR'I INLET '1ELOCrTY, S:5 + TRA~SIENT 

FUEL ROO 21 TEMPERA TUllE OlSTRl8lJTION I DEGREES F ) wHiCH IS IN CHANNELISI 2 7, o. o. o. 
••••••••••~•••••••-:.-•••••R A 0 I A ' p 0 s I T [ 0 N s . ......................•.....••. .. 

AXIAL FUEL FUEL ·FUEL FUEL FUEl CLADDING CLADDING 
LEVEL o.ooooo IN .0950& IN • J.5 300 HI .24263 IN .25350 IN .26150 IN .28150 IN 

1 662.9 644.1 621.2 595.:3 569.8 551.1 546.9 
2 762.3 72 7. 6 685 ... 637.:5 590.6 556.1 5%8.3 
3 662.8 644.0 621.1 595.1 . 569.6 550.9 51t6. 7 

FUEL ROO 22 TEMPERATURE OlSTRIBdTION I DEGREES F lo'H IC H IS IN CHANNEL lSI 28• o. o. o. 
••• • ••• I ••••••••••••••••• R A 0 ( ·A :L p 0 s 1 T I 0 N s I I I I I I I I I I I I. I I I I I I I I I • I I I 1 • I 1 1 I 

AXIAL FUEL ~ UEL fUH FUEL FUEL CLADDING CLADDING 
LEVEL o.ooooo IN .0950!> IN .15 ~00 I.H .24263 IN .25350 IN .26150 IN .28150 IN 

1 679.1 65 7. 7 63lob 602 .l 573.2 552.0 547.2 
2 791.9 752.5 704.5 650.1 596.8 557.6 548.7 
3 678.9 657.5 631.5 602 .o 573.1 551.8 547.0 

N 
Ul 
C> FUEL ROO 23 TEMPERATURE DISTRIBUTION IOEGREES F ) WHICH IS IN CHANNELCSI 33. o. o. o. 

• • • • • • • • • • • • • • • • • • • • • • • • R A 0 I A l p 0 s I T I 0 H s . .......................... •· ..•.• 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL o.ooooo IN • 095 ()b IN .15300 lN .2426!. IN .25350 IN .26150 IN .28150 IN 

1 653.5 63t:.z 615.1 591.2 567.8 550.6 546.7 
2 74501 713.1 b74.2 630.2 587.0 555.2 548.1 
3 653.4 636.1 615.0 591.1 567.6 550.lt 5lt6.5 

FUEL RqO 24 TEMPERATURE OLSTRleUTION IOEGRE~S F ~HICH I:; IN CHlNNELCSI 3ft• Q, 0• Oo ......................... ~ A 0 I A L ? 0 s I T I 0 N s . .•..•.••........•.............•... 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CU.DDING 
LEVEL o.ooooo IN .C95C6 IN .1530C IN .24263 IN .25350 IN .26150 IN .2,H50 IN 

1 t:62.9 64~.1 621.2 595.3 569.8 55lol 546.9 
2 762.3 72;. 6 665.4 637.5 590.6 556.1 548.3 
3 662.8 64~ •. 0 621.1· 595.1 569 •. 6 550.9 546.7 

FUEL ROO 25 TE.~PERATUR: OJS)RUUJlON .<DEGREES : WHICH 15 IN CHANNEL IS I 35. o. o, 0· 

• • • • • • • • • • • • • • • • • ., • • • • • • R A 0 I A l p 0 s I T I 0 N s . ...••..•.•..••.••..•.•... , .•.•.• 
UIAL FUEL' FUEL FUEL FUEL FUEL ·CLADDING CUODING 
LEVEL q.ooooc IN ~095116 IN -~15300 ii.N .24263 IN • 25 350 IN .26150 IN .23150 IN 

1 661.7 659.9 633.4 603.3 573.8 552.1 547.2 
2 796.8 750,.6 707.6 652 .• z 597.8 557.8 548.8 
3 l?fllof: 65'J. 8 b 33·. 2 603.1 573.6 551.9 ;t,7.1 

HEAT TRANS 
110DE . 

2 z 
2 

HEAT TRANS 
110DE 

·~ 
2 

HEAT TRANS 
110DE . 

2 
2 
2 

HEAT TRANS 
MODE 

2 
2 z 

HEAT TRANS 
!10DE 

z 
2 
z 



. 2. SAMPLE PROBLEM NUMBER 2: A THREE-DIMENSIONAL 

REPRESENTATION OF A 7 BY 7 BWR FUEL 
ASSEMBLY AT STEADY STATE 

Sample Problem Number 2 consists of a three-dimensional steady state 

problem illustrating the use of the diagonal symmetry feature, the rod .. 

~onduction model, and the ~patially varying inlet velocity boundary 

conditions. The problem simulates a 12-ft long, 7 by 7 BWR fuel as­

sembly at steady state. The geometry of the fuel assembly is identical 

to that of Sample Problem Number l as is shown in Figure E-1. 

The fuel rod power conditions simulate a BWR operating at a steady state 

average power·of 12 kW/ft. The rod-to-average transverse power distribution 

is shown in Figure E-1 and listed in the following input printout. The 

peak-to-average axial power distribution also is listed in the following 
input printout. 

Steady state BWR coolant conditions are simulated with a uniformly 
distributed internal energy of 522.8 Btu/lbm at the inlet and a pressure 

of 1043.0 psia at the outlet. The coolant axial velocity at the inlet 

is nonuniformly distributed, with an average value of 6.962 ft/sec. The 

channel-to-average inlet velocity multipliers are shown in Figure E-2 
and are listed in the following input printout. The problem is con­

ducted holding the coolant conditions constant for l second to achieve 

steady state conditions. 

The input data required to perform the calculations are presented 

in Table E-li. Following the input printout the calculational results 
for times of zero and l second only are presented. 
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I' 49 42 35. .28 21 14 7 

" 0.5676 0.7841 0.8232 0.8264 0.8232 0.7841 0.5676 
' 

" ' 48 " 41 34 27 20 13 6 

"\. 
0.7841 1.0280 1.0656 1.0693 1.0656 1.0280 0.7841 

" 
' 47 40 33 26 19 1?. 5 

' .. 
0 R?.~?. 1.0656 1.1010 1'. 1 U47 ·1.1010 1.0GGG 0.8232 

/ ' " 46 39 32 

" 
25 18 11 4 

' 0.8264 1.0693 1.1047 1.1084 1.1047 1.0693 0.8264 

' ' 45 38 31 24 

" 
17 10 3 

" 0.8232 1.0656 1.1010 1.i047 1 .1 010 1.0656 0.8232 

" ' 44 37 30 23 16 

"· 
9 2 

' 
0.7841 1 O?.RO 1.0656 1.0693 1.0656 1.0280 0.7841 

'· 
4:.J 36 ~9 ;->;-> 15 R I" 1 

" 0.5676 0.7841 0.8232 0.8264 0.8232 0.7841 0:5676 

. ;,· 
N menclature 0 Dia g onal.of S mmetr .. _/_ y y 

u1 = Inlet Velocity Multiplication Factor INEL·A-1793 

C = Channel Number 

Fig. E-2 7 by BWR channel inlet velocity rnultiplication factors for 
Sample Problem Number 2. 
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TABLE E..:II 

SAMPLE PROBLEM 2 

SCORE-EVET BENEOETT I-KISER-LORDS MOD 1 VER 2 
EXAMPLE 2t j-D 7X7 BWR CLUSTER, NON-UNJFORM INLET VELOCITY, STEADY STATE 

Iu= = 1 
IOUTF = 1 
NAOC = 1 
NO•:H = 28 
CHANNEL NOS = 1 
CHI\NNEL NOS = :55 
IB·'l. = 3 
JB:'l. = 7 
KB~ = 7 
IR•JD = 1 
NDlAG = 1 
NRoJD' = 28 
NZPTD = 0 
NZTDT = 0 
AU = 1oOU 
ALY = 1.00 
AL:! = 1.00 
GX = -:52.0 
GY .= o. 
GZ = :l. 
CEP = o40uE-02 
WGHTP = 1.50 
DT = olOOE-02 
BD = 1.20 
SACR IT = .so 0 
TFIN = 1.00 
10-FLG = 0 
LPR = 3 
NPP.T = 100 
NWPC = 13 
NWPP = 0 
IESFLG :: 2 
NUP = 0 
NWTD = 100 
NEWTAP = 0 
NRST = 0 
ltJtK PRINT LIMITS 

2 :5 4 5 6 
41 42 49 

ARE 5 

••••••••••••••••••••••••••••••••••••••••• 
• ••• 
•••• 
• ••• 

INPUT IS IN ENGLISH UNITS 
* ••• 
• ••• 
• ••• 

•••••••••••••••••••••••••••••••••••••••• 

7 9 10 11 12 1:5 14 ·11 18 19 

9 1 9 

20 21 25 26 27 28 :5:5 :54 



TABLE E- II. (continued) 

SCORE- EV ET BENEDETT I-KI~ER-LtFIOS 1100 1 "IER 2 
EXAMPLE 2, 3-D 7X 7 BIJR CLUS lER, !\ON-UNIFORM INLET VELOCITY, STEADY .STATE 

X CELL DIMENSIOr~s 

• 5 00 0 0 48.0;}<1 '18.000 118 • 0 0 0 .soooo 

y CELL Olr1ENSIONS 
.79'100 • 79'1 00 • 7380-J • 7 38 0 0 • 73e o o .nsco • 7 38 0 0 .79400 • 794 00 

z CELL DI HENiSIONS 
• 79110 0 • 79'+ DO o7380U • 738 0 0 .nt.oo o73ROO o73ROO .7'141)0 • 79400 

LOSS COEFFICIENTS 
o. <a. o. o. 

PC U = .1011E+D4 
SI E l1) = 523. 
QUAL = o. 
Ulll = &.9& 
DIAP:'IRD = • 56 3 
SPROD = • 738 

N PAVE = 12.0 
(.}"1 CHANNEL 1 'OHY = • '+5'15 G DHE = .86 27 0 A'IJF : 5.3251 ~IJ(l = 2.8054 VOID = .60506 RODNUI1= 1.0000 
-+'> CHANNEL 2 DHY = • 52 60 ()! DHE = • 76 213 f>'JF = 4. 37:54 ~\IQ = 3. 0184 VOID = • 5 7510 RODNUH: 1.0000 

CHANNEL 3 DHY = .52600· DHE = • 76 213 /IIIIIF = 11.37:54 ~WQ = 3. 0 1f\4 VOID = .57510 RODNUI1= 1.0000 
CHANNEL 4 OHY = • 52 &0 0 DHE = • 76213 MIF = 4.37:S4 ~IJQ = 3. 0 18 4 VOID = .57510 RODNUH: 1.0000' 
CHANNEL 5 m·Y = • 52 60 u DHE = .7&213 ~IJF = 4. 3 7~11 ~.\IQ = 3.!)184 VOID = .57510 ROONU11= 1.0000 
CHANNEL 6 Ot· y = • 52 60 u DHE = .76213 /IJF = 4.37~4 AWQ = 3.0184 VOID = •. 5 7510 RODNU11= 1.0000 
CHANNEL 7 01-Y = • '+5 45 0 DHE = .86 27 0 ~IJF = 5.3251 AWQ = 2.8054 VOID = .6050& RODNU11= 1.1J'JOO 
CHANNEL 8 Dl- y = • 52 60 () OHE = • 7& 213 ~'JF = 4.3n4 t.WQ = 3.0184 VOID = • 5 7510 RODNUI1: 1.0000 
CHANNEL 9 m-;v = • &6 87 0 OHE = .66870 tJF = 3.2415 AVQ = 3.2475 VOID = .542.90 RODNU11= 1.0000 
CHANNEL 10 DHY = • 668 7 Q DHE = • &6 8 70 e JF = 3.2415 AWG = 3.2475 VOID = .542'H RODNUI1= 1.0000 
CHANNEL 11 DHY = • 66 81 a DH~ = .66 8 7 0 eJF = 3.2415 AW(l = 3.2475 VOID = .542":1') RODNUH= 1.0000 
CHANNEL 12 OHY = • 66 87 a CoH::: = • 66 8 7 0 eJF = :3.2415 AWG = 3.2475 VOID = .54290 RODNU11: 1.0000 
CH-'NNEL 13 DHY = • 6687C OHE = • &6 8 7 0 triF = 3.24~5 AWG = 3.2475 VOID = .5429 0 RODNUH= 1.0000 



N 
(.}1 
(.}1 

CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CH A'NN EL 
CHANNEL 
CHANNEL 
CHAINNEL 
CHAINNEL 
CHANNEL 
CH AINNEL 
CHAt-lNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHA'lNEL 
CHA'lNEL 
CHA'lNEL 
CHA'lNEL 
CHA'lNEL 
CHA"'NEL 
CHANNEL 
CHAiiiNEL 
CHA•'lNEL 
CHA\lNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 

14 OH Y : • 52 60 0 
15 DH Y : . • 52 60 0 
16 OHY = .66870 
1 7 DH Y : • 66 8 7 0 
18 OH Y : • 66 8 7 0 
19 OHY : o66870 
2 0 DH Y : • 66 8 7 0 
21 DHY : .52600 
22 OHY - o5260U 
2 3 OH Y : • 66 8 7 0 
2 4 DH Y : • 66 8 7 0 
25 OHY = • 66870 
26 OHY = .66870 
2 7 OH Y : • 66 8 7 0 
28 OHY = .. 5260u 
29 OHY : o5260U 
30 DHY : ..€:687 0 
31 OH Y : ·• 66 8 7 0 
32 OHY = • 66870 
33 OHY : .. 66870 
34 OHY : .66870 
35 OHY : .. 52600 
3 6 OH Y : • 52 6 0 0 
37 DHY = .66870 
38 DHY : .66870 
39 OHY = .66870 
4 0 DH 'I' = • 6687 0 
4 1 OH Y = • 66 8 7 0 
42 OHY : .52600 
4 3 OH 'f : • 45 45 0 
44 OH'f: .526011 
45 OHY = o52600 
4 6 OH V = • 52 60 0 
4 7 DH Y : • 52 6 0 0 
4 8 DH Y : • 52 6 0 u 
4 9 DH Y = • 45 45 G 

DHE : 
DHE : 
DHE = 
OHE = 
OHE. : 
OHE = 
OHE : 
DHE : 
DHE = 
OHE = 
DHE : 
DHE = 
OHE : 
OHE : 
DHE = 
OHE : 
OHE = 
DH[ = 
OHE = 
OHE : 
DHE : 
OHE : 
OHE = 
DHE : 
OHE = 
OHE : 
OHE : 
OHE = 
OHE : 
OHE = 
OHE : 
OHE : 
OHE. : 
OHE = 
DHE = 
DHE : 

• 76 ~1:3 
• 76.213 
• 66:3 70 
• 66 .no 
• 66:3 7 0 
• 66 8 70 
• 66 8 7 0 
• 76 213 
• 76 213 
• 66 8 7 0 
.66 8 7 0 
• 66 8 70 
• 66.1! 7 0 
• 66 8 7 0 
• 76;!13 
• 76 Zl3 
• 66 8 7 0 
.66 8 7 0 
• 66 8 7 0 
• 66810 
• 66S7C 
• 76 213 
• 76 213 
• 66 s 7 0 
• 66 s 7 (I 
• 66 E· 7 0 
• 66 f. 7 c 
o6H70 
• 76a 3 
.86::7 0 
• 76::13 
• 76 c 13 
• 76 213 
• 76 213 
• 76 213 
.86 2 7 c 

TABLE E-II (continued) 

1\IIF :: 
AIIF : 
AIIF : 
AIIF : 
AIIF : 
AIIF = 
AIIF : 
AIIF = 
All F : 
AIIF : 
AIIF : 
AIIF : 
AIIF : 
AIIF : 
AIIF = 
AIIF : 
AIIF : 
AIIF : 
AIIF : 
AIIF : 
AIIF : 
AIIF = 
~.1/F = 
~IIF = 
~JJF : 
AIIF = 
AIIF = 
AIIF = 
AIIF = 
AIIF = 
AIIF : 
AIIF : 
AIIF : 
AIIF : 
AIIF = 
AIIF = 

4.3734 
4.3734 
3.2475 
3.2475 
3.2475 
3.2475 
3~2475 
4o3734 
4. 3 7 34 
3.2475 
3.2475 
3.2475 
3.2475 
3.2475 
4.3734 
·4.3734 
3.2475 
3.2475 
3.2475 
3.2475 
3.2475 
4.3734 
4.3734 
3.2475 
3.2475 
3.2475 
3.2475 
3.2475 
4.3734 
5.3251 
4.3734 
4.3734 
4.3734 
4. 3 734 
4.3734 
5. 3 2'31 

AIIQ = 
All!l = 
AIIQ : 
AIIQ = 
All!l = 
AIIQ : 
AIIQ : 
AIIQ : 
All!l : 
AIIQ : 
AIIQ = 
All!l = 
A\10 : 
All!l : 
All!l = 
All!l = 
AI/Q = 
AIIQ = 
AIIQ = 
A\IQ = 
AI/Q = 
AWQ = 
AIIQ = 
AIIQ = 
All!l = 
AIIQ = 
AIIQ = 
AIIQ = 
AIIQ = 
~IIQ = 
AIIQ : 
AIIQ = 
AIIQ = 
All!l = 
AIIQ : 
AIIQ = 

3.0184 
3.!!184 
3.2475 
3.2475 
3.2475 
3.2475 
3.2475 
3.0184 
3.0184 
3.2475 
3.2475 
3.2475 
3.2475 
3.2475 
3.01114 
'1.()1114 
3.2475 
3.2475 
3.2475 
3.2475 
3.2475 
3.0184 
3.'1184 
3.2475 
3. 2475 
3. 2 4 75 
3.2475 
3.2475 
3o01R4 
::>.8054 
3.0184 
3. 0 1P. 4 
3.0184 
3.0184 
3.0184 
2.8054 

VOID = 
VOID = 
VOID : 
VOID = 
VOID = 
VOID : 
VOID = 
VOID = 
VOID = 
VOID = 
VOID = 
VOID : 
VOID : 
VOID = 
VOID : 
VOID = 
VOID = 
VOID = 
VOID = 
VOID = 
VOID = 
VOID = 
VOID = 
VOID = 
VOID = 
VOID = 
VOID = 
VOID = 
VOID = 
vorD = 
VOID = 
VOID = 
vorD = 
VOID = 
VOID = 
VOID = 

.57510 

.57510 

.54290 

.54290 

.54:?90 

.54290 

.5429(1 

.57510 

.57510 

.5429~ 

.54290 

.54290 

.54?.90 

.54290 

.57510 

.57510 

.54290 

.5429~ 

.54290 

.~4290 
• 5,4290 
.57510 
.57510 
·=·4290 
.:429(1 
.54290 
._54 29 (I 
.54290 
.5751() 
.60506 
.57510 
.57510 
.57510 
.575\Q 
• 5 7511) 
.6£1506 

RODNUI'I: 
RODNU11= 
RODNU11= 
RODNU11= 
RODNUI'I: 
RODNUI'I: 
RODNUI1= 
RODNUI'I= 
RODNUI'I= 
RODNUI'I: 
RODNU11= 
RODNUI'I= 
RODNUI'I: 
RODNUI'I= 
RODNU11: 
RODNUI'I: 
RODNUI'I: 
RODNUI'I: 
RODNUI'I: 
RODNUI'I: 
RODNUI'I: 
RODNUI'I: 
RDDNUI'I: 
RODNUI'I: 
RODNUI'I: 
RODNUI'I: 
RODNUI'I: 
RODNUI'I: 
RODNUI'I: 
RODNU11: 
RODNUI'I= 
RODNUI'I: 
RODNUI'I: 
RODNUI'I: 
RODNUI'I: 
RO\)NUI'I= 

1.0000 
1.0000 
1.oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0'100 
1.0000 
1.0000 
1.0000 
1.0000 
loOOO!l 
1.0000 
1.0000 
1.0000 
1.0000 
1.0!)00 
1·.oooo 
1.0000 
1.0000 
1.0000 
1.oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.oooo 
1.0000 



'ABLE E-li (continued) 

OIAFO = • 5 07 
GAPT = .suuE-02 
GAPH = 1000 
FUEL I( = 2o0J 
CLADK = 7.0J 
RHOCP F = 53. u 
RHOCPC = 32. 0 
ROO NUMBER 1 NRC= 1 
ROO fiiUMBER 2 NRC= 2 
ROD NUMBER 3 NRC= 3 
ROD NUMBER 4 "'RC= 4 
ROO NUMf>ER '5 NRC= 5 
ROD NUMBER 6 NRC: 6 
ROD NUMBER 7 NRC= 7 
ROD NUMBER 8 NRC= '3 
ROD NUMBER 9 NRC= 10 
ROD NUMBER 10 NRC= 11 
ROD NUMBER 11 NRC= 12 
ROD NUMBER 12 NRC= 1 3 
ROD NUMBER u NRC= 14 
ROD NUMBER 1'+ NRC: 17 

N ROD NUMBER 15 NRC= 18 
(.]1 ROD NUMBER 16 NRC= 19 
C"' 

ROD NUMBER n NR.C: 20 
~OD NUMBER 18 N~.C= 21 
ROD NUMBER 19 NR.C:· 25 
ROD NUMBER '0 N~.c= 26 

ROD NUMBER 21 NP.C= 27 
ROD NUMBER 22 NRC= 28. 
ROD NUMBER 23 NRC= 33 
ROD NUMBER 24 NRC: 34 
ROO NUMBER 25 NRC: 35 
ROD NUMBER. 26 NRC='41 
ROD NUMBER 27 NRC= 42 
ROD NUMbER ::>8 NRC: 49 



TABLE E-ll (continued) 

SCORE-EVET BENE DEn I-KISER-LORDS MOO 1 VER 2 
EXAMPLE 2t 3-0 7X7 BWR CLUSTERt NON-UNJFORM INLET VELOCITY, STEADY STAT[ 

RADIAL POWER FACTORS--BY CHANNEL IF I RC·O = 0 ---BY ROO IF IROO = 1 OR 2 
1 •. 1 7 1.21 lo06 1.19 lol3 1.12 
1 .o l 1.0 3 .940 1.02 .930 .89 0 
.8SO 1. 0 0 oSlO .sAo 1.02 .920 

AXIAL POWER F ACTO'RS FOR THE REAL CELLS 
.7S1 1.44 .7S1 

u v II ;> 

INLET BOUrWAR Y FLAGS ·4 1 ~ 

INLET BOUNDARY CO~DITDNS 6.96200 0. o. o. 

F~·:TORS FOR INLET VELD·: ITY OR PRESSURE AS A FUNCTION OF SP~.CE 

.567601.1 .7a410u .82 32 (J (J .S26400 .823200 • 784H 0 .5676{)0 
N l.069300 louo560u 1.028000 • 784100 .823200 1.065600 1.101000 
(J1 .82320• oll2640u loU693!lO 1.104700 1ol0A40(' 1.104700 1.069300 
"'-- L.101r.u~ 1.1jl+700 lo1Ul000 1.065600 .823200 .7841!10 1.0280~0 

L.028000 .784100 .567600 .784100 .823200 .1'126400 .R232DO 

u v II p 

OUTLET BOUNDARY FLAGS 6 2 

OUTLET BOUNDARY CONDI Tl ONS o. o. o. 1043.00 

.930 

.RAO 
1.14 

SI:: 

2 

lo03 
1.05 
1.10 

522.~00 

.784100 
1.104HO 

.826400 
1.06561JIJ 

.784100 

SIE 

6 

o. 

o. 

.920 

.860 

RHO 

8 

1.028000 
!.101000 

oA23200 
!o0693'JO 

.'5676'30 

RHO 

6 

o. 

0. 

lol3 
.8.80 

TEMP 

6 

1.065600 
1.065600 
1o065600 
lo%5600 

TEMP 

6 

o. 



N 
<.f1 
co 

TABLE E-ll (continued) 

1110·-PHASE FRICTION i'luDEL FL<~Gt ITPt''OD = 

**** INPUT OF CRITICAL I·EAT FLUX' CORRELtTION FU.GS w••• 

JCHF : 0 NSW : 0 l~TDBG = ~ IFILMh = 0 IPOOtH : 0 IH.CAL : 0 

**** ACrUAL FRICTICN FAtlOR FLAGS USED •••• 

IRECWS = 0 lk EX ·- 2 IRQ' = 2 IR EZ = ~ 

I FXLAM = 1 IFYL AM -· 1 IFlL/t!-1 = 1 
IFXTUB = IFYTUB -· 3 I FZ TLB = 3 
I FL TE. M = 0. 

**** ACTUAL TWO-PHASE CORRELATION FLAGS US[O •••• 

IALFA = 1 I TP RH 0 = l 
ITPMLX = 5 I TP ML Y = 5 ITF"Ll = "> 
ITPMTX = 5 I TP MT Y = s· ITFMTZ = ') 

•••• ACTUAl HEAT fp,· AN SF [k FLiGS us~o • ••• 
JCHF : : H T 0 B G = C IF I LMH = 2' . 

MINIMUM DIMENSIONING F6~ THE ila~R~Y) 5850 



{, 

TABLE E-ll (continued) 

SCORE-EVET. 8ENEDETTI-KISER-LO~DS MOD 1 VER 2 
EXAMPLE 2o 3-D 7X7 BWR CLUSTER, NON-UN:FORM INLET VELOCITY, STEADY STATE 

' CYCLE . 0 TIME . o. ITERATIONS . 0 DELTA TIME . o10000E-02 POwER AVEHGE . 12.000 KW/FT. 
K J u v w PRESSURE DENSITY ENERGY TEMP QUAL FT/SEC FTISEC FT/SEC PSI LBM/FT3 BTU/LBII DEG F 
1 1 1 3.95163 o. Cl. lO't9o't5 H.l952 522.800 550.633 8: 2 1 1 3.95163 o. o. 101t9.45 47.1952 522.800 550.633 3 1 1 5olt5890 o. o. 10't9.80 47.1951t 522.800 550.682 o. It 1 1 5.73112 o. u. 1049.14 't7.1951 522.800 550.589 o. 5 1 1 5. 75340 o. o. 1049.71 lt7.195't 522.800 550.669 o. 6 1 1 5.73112 o. o. 101t9 ·"" 47.1952 522.800 550.632 o. 7 1 1 5.1t5890 o. o. 101t9o't0 :+:t~~~ 522.800 550.626 o. 8 1 1 3.95163 o. o. 101t8.1t7 522.800 550.1t99 o. 9 1 1 3.95163 o. o. 101t8.1t7 lt7.191t8 522.800 550.1t99 o. 1 2 1 12.2047 o. o. 101t9.45 26.9203 5b1.1tb1 550.1t78 3o837758E-02 2 2 1 12.2047 o. o. 101t9.1t5 2b.9203 567.1tb7 550.1t78 3.837758E-g2 3 2 1 13.8669 o. o. 101t9.80 23.6935 571t.631t 550.519 5.102029E- 2 It 2 1 12.tt657 o. o. 101t9 .lit 26.3567 568.533 550.'tltl lto031t817E-OZ 5 z 1 13.6801 o. o. 101t9. 71 2't.0169 573.821 550.508 lto9597ZZE-OZ 6 2 1 13.1198 o. o. 101t9oltlt 25.01t26 571.380 550.1t77 lto532825E-02 7 2 1 13.0261t o. o. 101t9.1t0 25.2222 570.971t 550.It72 1toltb1b79E-02 8 2 1 1g.2230 o. o. 18~t8.1t7 32.1388 55B.81t2 550.363 2. 338H6e-gz 9 2 1 1 .2230 o. o. 1 lt8.1t7 32.1388 558.81t2 550.363 2. 33 H6E- 2 1 3 1 30.3571t o. o. 101t8ol2 10.8229 bltlt.820 550.322 .176007 2 3 1 30. 357't o. o. 101t8.12 10.8229 61tlt.820 55Co322 .176007 N 3 3 1 35.1088 o. u. 101t8o't1 9.35818 6b5.191 550.356 .212110 (,}1 It 3 1 31.0832 o. o. 101t7.87 10.5702 61t7.861t 550.292 .181't60 1.0 5 3 1 31t.5722 o. o. 101t8 ~ 3lt 9.5031t0 662.880 550.31t7 .208022 6 3 1 32.9623 o. o. 1048.12 9.9b758 655.950 550.322 .195762 7 3 1 32.b939 o. o. 101t8.08 10o01t91t b51t. 791t 550.318 .193719 8 3 1 Zlto6636 o. c. 10it7.3l 13.3214 620.327 550.228 .132707 9 3 1 2't.663b o. o. 1047.31 13.3214 620.327 550.228 .132707 1 It 1 ItO. 3332 o. o. 101t5.29 8 .llt600 68b.713 51t9.991 .250878 2 It 1 It(). 3332 o. o. 10't5.29 8o11t600 686.713 51t9. 991 .250878 3 It 1 46.7775 o. o. ,1045. 48 7.02376 711t.238 550.013 .299660 4 4 1 41.3038 o. o. 10't5.22 7.95't57 b90.832 549.983 .258195 5 4 1 46.0479 o. o. 10't5.45 7.13505 711.117 550.009 .29U31 6 It 1 't3.8586 o. "· 10't5.3't 7.1t9122 70 • 7 55 51t9.997 • 2 7751t5 7 4 1 43.1t936 o. o. 101t5.32 7.551t07 700.194 51t9.995 • 271t781 8 4 1 32.5926 o. o. 101tlt.90 10.080b b53.b28 51t9.91t6 o19Z288 9 It 1 32.5926 o. o. 104't.90 10.080b 653.628 51t9o9't6 .19228 1 5 1 ItO. 3332 o. o. 10't3.00 5.1t69llt 728.606 51t9. 659 • 32571t8 2 5 1 lt0.333Z o. o. 101t3.00 5.1tb9llt 728.606 51t9.659 • 32571t8 3 5 1 46.7775 o. o. 1043.00 4.68931t 7b3.285 549.671 • 387210 4 5 1 41.3038 o. c. 101t3.00 5.33897 733.81H 51t9.673 • 331t930 5 5 1 lt6.01t79 o. o. 10it3.00 "· 76671 759.351t 51t9.671 • 380239 b 5 1 lt3.8586 o. o. 101t3.00 5.0llt85 H7.560 51t9.672 .359327 7 5 1 43.1t936 o. o. 101t3.00 5.05871t 71t5.594 51t9.672 .35581t2 8 5 1 32.5926 o. o. 10't3.00 bo83982 686.928 51t9.661t .251852 9 5 1 32.5926 o. o. 101t3.00 6.83982 b86.928 51t9.661t .251852 1 1 2 3.95lb3 o. o. l01t9.45 47.1952 522.800 550.633 o. 2 1 2 3.95163 o. o. 101t9.1t5 lt7.195Z 522.800 550.633 o. 3 1 2 5.45890 o. o. 1049.80 47.1954 522.800 550.682 o. 4 1 2 5. 73112 o. o. 1049.1't 47.1951 522.800 550.589 o. 5 1 2 5.75340 o. o. 101t9.71 lt7.1951t 522.800 550.669 o. 6 1 2 5.73112 o. o. 101t9.44 47.1952 522.800 550.632 o. 7 1 2 5.45890 o. o. 101t9.1t0 lt7o1952 522.800 550.b26 o. 8 1 2 3.95163 o. o. 10't8.47 47.1948 522.800 550.1t99 o. 



T.:\81_':: E-[1 {continued) 

SCORE-EVET 6ENED.e'TTI"-KI¥ER-LORDS. ·MOD 1 'IER 2 
EXAMPLE 2• 3-D· 7X7 BW~. CLlJS 'ER.i NON-UN1FOR'I1 INLET lo'ELOCITY, STEADY STATE 

K J . u. v w· PRESSURE DENSITY ENO:RGY TEI1P QUAL 
FT ISH FTISEC F TIS E•: PSI LB11/FT3 .BTU,L811 DEG F 

9 1 
., 3.95163 o. o. '.1048.47 lt7.1948 5U,800 550.499 o. . . 

1 2 .2 12.ZOH o. o •. 1049,1t5 26. 92C3 567.1t67 550.478 3. 837758E~02 
2. 2 , 12.20•7 ·o. .0· •. 1849.45 26o92C•3 567.467 550.478 3o8H758E-OZ 
-3 2 ·:; n.86!:>9 .~. o. 1 49.80 23,6935 5711.634 550.519 ~:Ag~gn~=s~ 4 2 2 12:.4657 o. o. 1049.14 2&.3567 56!!. 533 550.441 
5 z 2 13.6801 ·O:o (). 1049.71 24.0169 5H. 821 550.508 4,959722E-'02 
6 2 2 13.1198 0; o. 1049.44 25.0426 571.380 550.H7 4o532825E-g2 
7 2 2 l3o02o)4 o. .o .• 1049.40 25o2222 570.974 550olt72 4olt61679E- 2 
8 2 2 10o223i0 (1, o, 101t8olt7 32.1388 55:8.842 . 550.3'63 2. 330H6E-02 
9 2 2 .1C•o2230 o • ,Vo 1048.47 32.1388 55'8"842 550.363 2.3307.UE-02 
1 3 2 30'o3514 o. "· 1048.12 10o82Z9 64-4.820 550.322 •. 176007 
2 3 2 30,35 H '0 0 o. 1048.12 10.8229 641t,820 550.322 .176007 
3 3 2 35.10:!8 0·, o, 1048o'tl 9.35818 665.191 550.356 .212110 
It 3 2 31 •. 08:!2 .0. o. 1047.87 10.5702 61o7,864 550.292 o18llt6.0 
5 3 2 n·,5·722 o. o. 101t8o34 9,51lHO 662:.880 5·50 0 347 .208022 6• 3 z 32.9623 0< . ·o •. 1048.12 9,96758 655.950 550.322 .195762 
7 3 2 32,69::.9 o. o •. 1048.08 10.01t94 654.794 550.318 o193719 
8 3 2 24.66::.6 ·0, o. 1047.31 13.32llt 620.327 550.·2.28 :HH&·J 9 3 2 2~.66::.6 o. 0':. 1047.31 l3o3Zllt 620.327 550.228 
1 4 2 !tg.H:;z o. o .. 1045.29 8o1460C b!!6.713 5lt9o991 .250878 
2 It z It 0 3332 o. o. 101t5.29 8o1lt6•:l0 6E6, 713 51t9.991 .250878 '3 It 2 ltbo7T75 o. . 0. 10lt5olt8 7.02376 7H.238 550.013 .299660 

N It· 4 2 41.3038 o. ·0. 1045.22 7o951t57 690.832 549.983 .258195 

"' 5 4 2 lt·6 .• 04:'9 o. ·o • 1045olt5 7o135D5 7ll.ll7 550.009 o294l;H 
0 6 4 2 43.8!>86 o. o. 101t5.34 1.1on22 701,.. 755 51t9o997 •. 271545 7 4 2 43olt936 o. o. l01t5,32 7.55407 700..19lt 5lt9.995 • 2H781 8 It 2 32.5926 ·o, O·o 10lt4o90 10.0806 653-.628 5lt9o946 .192280 9 4 2 32.5926 o. .o. 104lto90 10.0806 653',628 549.9lt6 .192280 

1 5 2 ·tto, 3332 ·o, o. l0lt3.00 5olt69llt 7Z8<606 51t9.659 , 32Hit8 
2 5 2 ~t·o·. 33 32 :o·. ·o. 1043.00 5oft69llt 7Z8,606 5lt9 0 659 , 3Z!IH8 
3 5 2 ltbo 7715 o. o. 10lt3o00 lt.68934 7113,285 5119,671 ,38721'0 
4 5 2 41.30'38 o. o. .1043 0 00 5.33897 733.801 51t9o673 .• 334t930 
5 5 ' 2 46.0'19 o. o. 10lt3o00 "· 76b71 75tf,351t 5lt9.671 .380239 6 5 2 43.!1~36 o·. a. 10lt3o00 5o01485 7•7o560 5lt9o67Z .359327 

·7 5 2 43.4~36 o. c .• l043o00 5,05SH H5.591t 5lt9o67Z .35581tZ 
8 5 2 32.5<;t2,b a. 0·, 1043.00 6.83982 6·36,928 5lt9.664 .251852 
9 5 2 3 2 0 5<;t2·6 a. a. 1043.00 6.83982 636.928 51t9.664 • 251852 
1 . 1 3 5o45E;~a o • o. ·101t9.80 lt7,1951t 5~2.800 550.682 a. 2· 1 3· 5o456.~a o. o. 10lt9,80 lt7,1951t 522.800 550.682 o. 
3 1 3 7.156~4 ·o. 1), 1049.01 lt7,1<l5l 5Z.2. 800 550.573 o. 
It 1 3 7o 41871 o. ·0. 101t8.51 47,1c;49 52.2.800 550.503 o. 
5 1 3 7olt4<tit7 o. a. l0lt9.lt8 tt7.1c;53 52.2.800 550.637 o. 
·6 1 3 7o.ltU71 ~g: o. 10lt8,92 lt7 .1950 522.800 558o56a o. 
7 1 3 7o15ti91t a. 1049.01 lt7,1951 ·522. 800 55 .573 o. 
8 1 3 5o!t5a9o o. a, 10lt8.61 47.19lt9 520!.800 5.50.517 o. 
9 1 3 5,lt5S'90 a. c. 101t8.61 47.19lt9 5Zi!,800 550.517 a. 
1 2 3 13.8669 'Q, c. 101t9.80 23.6935 57'to631t 550.519 5o102029E-02 
2 2 3 13 • .8669 .o. c. 101t9o80 23.6935 57<t,63lt 55a.519 5o102029E-02 
3 2 3 ·13 0 5:)14 o. c. 10lt9.01 Zlt,2451 571.156 550.lt27 ... 85862ZE-OZ· 
.4 2 3 12.3176 ·a. i:·~ 1048.51 26,54lt2 5oba.057 550.368 3,965701E.,02 
5 2 3 14.6L73 o.· C• • 10lt9.o,48 22.4771 5H,791 ·550olt81 5o6701t59E-02 
6 2 3 13.3:!80 o. (o, 10lt8o9.2 24.6328 57:!.229 550,ftl6 4t,696267E-02 
7 2 3 lh551lt o. o. 10lt9.a1 2,4.2<051 5o1'!.156 550olt27 lt.858622E-02 
8 2 3 ·u.J~B ·o. o. 1048.61 28,9blt7 565.652 550.380 3 ol8ll39E-02 
9 2 3 n .. 3~33 a. o. 10lt8,61 28,961t7 563<652 550.380 3.181139E-02 

! 

'i 
:~ 

! I 



TABLE E-ll (continued) 

SCORE-t:VE:T BENEDETTI-KISER-LORDS P10D 1 VER 2 
EXAMPLE 2, 3-D 7X7 BWR CLUSTER, NON-UNIFORP1 INLET VELOCITY, STEADY STATE 

K I J u v w PRESSURE DENSITY ENERGY ' TE"P QUAL FT/SEC FT/SEC FT/SEC PSI LBP1/FT3 BTUILBP1 DEG F 
1 3 3 35.1088 o. o. 101t8o41 9.35818 665.191 550.356 • 212110 2 3 3 35.1088 o. o. 101t8oltl 9.35818 665.191 550.356 .Zl2ll0 3 3 3 Ho1671 o. o. 1047.77 9.61609 661.014 550.281 .201t821 , 3 3 30.7984 o. o. 1847.36 10.6679 646.533 550.233 o179202 5 3 3 37.2274 o. o. 1 48.14 8.82561 6 7lt .1 79 550.325 • 22 8116 6 3 3 33.5548 o. o. 1047.69 9,79156 658.381 550.272 .200162 7 3 3 34.1671 o. o. 10it7.77 9.61609 661.01/o 550.281 o201t821 8 3 3 27.8598 (j, o. 1047.44 11.7931 634.001 550.Zit2 .156947 9 3 3 27.8598 o. o. 1047.44 11.7931 634.001 550.21t2 .156947 1 4 3 46.7775 c.. o. 101t5olt8 7.02376 7llt.238 550.013 .299660 2 '4 3 46.7775 o. o. 101t5.1t8 7.02376 714.231:1 550.013 .299660 3 4 3 45.4725 o. o. 1045.24 7.22533 708.608 549.986 .289715 4 4 3 40.8955 o. o. 1045.04 8.03399 689.045 1549.962 .255058 5 4 3 49.6318 o. o. 1045.43 6.61983 726.392 550.007 .32122/o 6 " 3 41to61tC5 o. o. 101t5.21 7.36001 705.051 51o9.981 o2831tllt 7 4 3 lt5.4725 o. o. 101t5.24 7.22533 708.608 51t9.986 .289715 8 4 3 36.9228 (1. o. 1045,01 8.89839 672.107 51t9.958 .225027 9 4 3 36.9228 o. o. 1045.01 8.89839 672.107 51t9.958 .225027 1 5 3 46.7775 o. o. 101t3.00 'oo68931t 763.285 51t9.61l • 38 7210 2 5 3 46.7775 o. o. 101t3.00 · 'oo6893'o 763.285 51t9.67l .387210 3 5 3 45.1t725 o. o. 101t3.00 lt.8H58. 756.202 51t9.690 .371t610 , 5 3 lt0.8955 o. o. 1043.00 5.40008 731.557 549.690 • 330915 N 5 5 3 49.6318 o. o. 1043.00 4.41405 778.605 549.690 o'tl'o333 (j', 6 5 3 44.6405 o. o. 101t3.00 4.92845 751.721 51t9.69g .366665 7 5 3 45.4725 o. o. 1043.00 4.83458 756.202 549.69 • 371t610 8 5 3 36.9228 o. o. 101t3.00 6.00366 710.212 549.674 .293106 9 5 3 36.9228 o. o. 101t3.00 6.00366 710.212 549.674 .293106 1 1 4 5.73112 o. o. 1049.14 47.1951 522.800 550.589 o. 2 1 4 5. 73112 o. o. 101t9o14 lt7.1951 522.800 550.589 o. 3 1 4 7.41871 o. o. 1048.51 47.1948 522.800 550.503 o. , 1 4 7.66516 o. o. 101t8.97 't7ol950 522.800 550.566 o. 5 1 4 7.69092 o. o. 1048.56 47.1949 522.800 550.509 o. 6 1 4 7.66516 o. o. 1048.38 't7o1948 522.800 550.It85 o. 7 1 4 7.41871 o. o. 1048.33 47.1948 522.800 550.It78 o. 8 1 4 5.73112 o. o. 1049.09 47.1951 522.800 550.583 o. 9 1 , 5.73112 o. o. 11ilt9.09 !t7.1951 522.800 550.583 o. 1 2 4 12.4657 o. o. 1049.14 26.3567 568.533 550.441 It. OH817E-02 2 2 4 12.4657 o. o. 1049.14 26.3567 568.533 550oltltl lto031t817E-02 3 2 , 1Z .3776 o. o. 1048o51 26.51t42 568.057 550.368 3o965701E-02 4 2 4 13.4447 o. o. 1048.97 24.4374 572.693 550.ItZ1 'to777HitE-02 5 2 4 12.4844 o. o. 1048.56 26.3172 568,521 550.373 It. O"t68 73E-02 6 2 4 12.0573 o. o. 1048.38 27.2494 566.667 550.352 3o 722186E-02 7 2 4 11.9505 o. o. 1048.33 27.4929 566.203 550oH7 3o6HCIHE-02 8 2 4 12.3722 o. \), 1049.09 26.5559 568.126 55golt36 3o963676E-02 9 2 4 12.3722 o. o. 101t9.09 26.5559 568.126 55 olt36 3o963676E-02 1 3 4 31.0832 o. o. 1047.87 10.5702 61o7. 8 6lt 550.292 o18l't60 2 3 4 31.0832 o. o. 1047.87 10.5702 647.864 550.292 ol8llt60 3 3 4 30.7984 o. o. 101t7. 36 10.6679 646.533 550.233 .179202 

" 3 4 33.8610 o. o. 101t7. 73 9.70303 659.698 550.276 .2021t92 5 3 4 31.1048 o. o. 1047.39 10.5628 61t7o81t9 550.237 .181530 6 3 It 29.8792 o. o. 1047.25 10.9961 61t2.583 550.220 .172216 7 3 4 29.5728 o. o. 10it7.21 llollOO 641.267 550.216 .169887 8 3 4 30.8146 o. o. 10it7.83 10.6623 61t6o708 550.288 o1791t18 9 3 " 30.8146 o. o. 1047.83 10.6623 61t6.708 550.288 ol79ltl8 1 4 4 41.3038 o. o. 101t5.22 7.951t57 690.832 51t9.983 .258195 
)..'".,·,' ., 



TABLE E- II (continued) 

SCORE-EVET 8ENEDETTI-KitER-LCROS HOD 1 VER Z 
STEADY S TA T:E EXAMPLE 2. 3.,.0 7X7 8WR CLUS. ER, KON-UNIFORM INLET VELOCITY, 

K I J u v w PRESSURE DENSITY ENERGY TEMP QUAL 
FT/SEC . FT/~EC F Tl SEC PSI L8M/FT3 BTUIL811 DEG F 

2 4 4 u. 3038 o. a. 1045.22 7.95457 690.832 549.983 .258195 
3 4 4 40.8955 o. o. 1045.04 8.03399 689.045 549.962 • 255058 
It 4 4 45.0565 o. o. 101t5.23 7.29205 706.830 

/ 
51t9.983 .286561t 

5 4 4 41.3117 o. o. 1045.06 7,9B05 690.823 51t9.964 .258209 
b 4 4 39.6469 o. o. 1044.98 8.28700 683.709 H9,955 • 21t5607 
7 4 4 39.2307 o. o. 1044.97 8.37492 681.931 H9.953 o2421t56 
8 4 4 40.9388 o. o. 1045.20 8.02549 689.272 H9.981 .2551t31 
9 4 4 40.9388 o •. o. 101t5.20 8.02549 689.272 549.981 .• 25Sit31 
1 5 4 41.3038 o. o. 1043.00 5.33897 733.801 549.673 o3H930 
2 5 4 41.3038 o. o. 1043.00 5.33897 733.801 H9,673 • 3311930 
3 5 4 40,8955 o. o. 1043.00 5.40008 731.557 H9o690 • 338915 
It 5 4 45.0565 o. o. 1043.00 lto88106 753.962, 51t9.690 • 37 637 
5 5 It ltlo3ll7 o. .o. 1043.00 5.34328 733.797 549,690 , 3H887 
6 5 4 39.6469 o. o. 1043.00 5. 57792 72't .• 835 549.690 • 318998 
1 5 4 39-.2307 o. o. 1043.00 5". 63982 722.595 ~~~:U~ • 315025 
8 5 4 40.9388 o. o. 1043.00 5. 38"871 731.835 • 33lltlt5 
9 5 4 40.9388 o. i). 101t3.00 5.38871 731.835 51t9. 6 73 • 3311tlt5 
1 1 5 5.75340 o. o. 1049.71 47.1954 522.800 550.669 o. 
2 1 5 5.75340 o. o. 1049.71 47.1954 522.800 550,669 o. 
3 1 5 7.44447 o. o. 1049.48 47.1953 522.800 558o637 o. 
It 1 5 7.69092 . 0. o • 1048.56 lt7.191t9 522.800 55 .509 o. 
5 1 5 7. 71668 o. ·u. 1048.24 lt7.191t7 522.800 550,1t66 o. 

N 6 1 5 7.69092 o. o. 1048.33 47.191t8 522.800 550.It78 o. 
CJ) 7 1 5 7.1tlt447 o. o. 101t8. 33 47.191t8 522.800 550.478 o. 
N 8 1 5 5o7531t0 o. o. 101t8.87 lt7.o1950 522.800 558.553 o. 

9 1 5 5.7531t0 o. o. 101t8.87 lt7.1950 522.800 55 .553 o. 
1 2 5 13.6801 0~ .u. 181t9o71 24.8169 573.821 550,508 lto959722E-02 
2 2 5 13.6801 o .• o. 1 lt9. 71 Zit. 169 573.821 550.508 It, 9597Z2b·02 
3 2 5 14.6173 o. o. 101t9.48 22~4771 577.791 55.0. 481 5e670459E-02 
4 2 5 1Z.4841t o .. o. 104-9.56 26.3172 568.521 550.373 4o046873E-02 
5 2 5 11.7369 o .. .o. 101t8.24 27~9934 5H.276 550.337 3.478670E-g2 
6 2 5 11.9505 .o .. o·. 10.1t8 • 33 27.1t929 566.203 550.3117 3,6410UE- 2 
7 2 5 11.9505 o· .. o. 101t8.33 27olt929 566.203 550.347 3o61tlOlltE-02 
8 2 5 u. 9046 o .. :o .• 101t8,87 27.5988 566.092 550.410 3e607975E,-02 
9 -~ 5 u. 9046 o. o. 1048.87 27.5988 566.092 550.Itl0 3o607975E-02 
1 5 Ho5722 o. o. 101t8. H 9.50HO 662.880 5 50. 31t7 • 208022 . 
2 3 5 34.5722 o. o• 1048.34 9,5031t0 662.880 550.347 .208022 
3 3 5 37.2274 o. o. 101t8.llt 8.82561 6 7't o179 550.325 • 228116 
It 3 5' 31.1048 o. o. 1047.39 10.5628 61t7.849 550.237 .181530 
5 ·3 5 28.9598 o. o. 101t7.llt 11.3452 638.631t 550.207 .1·65230 
6 3 5 . 29.5728 .o. o. 101t7.21 . 11.1100 641.267 550.216 .169887 
7 3 5 29.5728 o. &·: 101t7.21 11.1100 61tl.Z67 550.216 .1698.87 
8 3 5 29.1t718 o; l01t7.65 llo11t8l 61t0.933 550.267 .169203 
9 3 5 29.4718 o·. o. 10lt7 ,65 11ol481 640.933 550.267 .169203 
1 It 5 lt6.01t79 o. o. l01t5olt5 7.13505 711.117 550.009 .291t131 
2 It 5 lt6.0it79 o; o. 101t5.1t5 7.13505 711.117 550.009 • 291tl31 
3 It 5 lt9.6318 o· o. 101t5 •. lt3 6.61983 726.392 550.007 • 321221t .. 
It It 5 ltlo3ll7 0- o. 18~~:~~ 7.95305 690.823 549.964 .258209 
5 4 5 38,3982 0- o. 8.55649 678o371t 51t9o91t9 .236155 
6 It 5 39.2307 o.: o. l01tlto97 8.37492 681 .. 9 31 549.953 • Zlt21t56 
7 It 5 39.2307 0. o. lOH,97 8.371t92 681.931 51t9.953 .2!t21t56 
8 It . 5 39~1136 o . o. 1045.11 8,1tOOOO 681.1t69 549.970 .21tl611 
9 It 5 39.1136 0. 8: 101t5oll 8,1tQOOO. 681.469 549.970 .241611 
1 5 5 lt6.0it79 o". 10lt3.00 ito 76671 759.351t 51t9.671 .380239 
2 5 5 46.0479 . o .• o. 101t3.00 Ito 76671 759.351t 51t9.671 .380239 



t. 

TABLE E-ll {continued) 

SCORE-EVE! BENEDETTI-KISER-LORDS HOD 1 VER 2 
EXAMPLE z, 3-D 7X7 BWR CLUSTER-, NON-UNIFORM INLET VELOCITY, STEAD'!' STATE 

K I J u v II PRESSURE DENSITY ENERGY TEHP QUAL 
FT/SEC FTISEC FT/SEC PSI LBH/FT3 BTU/LBH DEG F 

3 5 5 49.6318 o. o. 1043 .oo 4o41405 778.b05 51t9o690 • 414333 
It 5 5 ltlo3117 o. o. 101t3o00 5o34328 733.797 549.690 .334887 
5 5 5 38.3982 o. o. 1043.00 5.76782 718.114 51t9.690 .30788! 6 5 5 39.2307 o. o. 101t3.00 5.63982 722.595 51t9.690 • 315 2 
7 5 5 39.2307 o. o. 1043.00 5.&3982 722.595 549.690 • 315025 8 5 5 39.113& o. o. 1043o00 5o65192 722.006 549.674 • 314018 9 5 5 39.1136 o. o. 1043.00 5o65192 122.og6 549o674 • 314018 
1 1 6 5.73112 o. o. 1049.44 47.1952 522.8 0 550.632 o. 
2 1 6 5.73112 o. o •. 101t9o44 47.1952 522.800 550.632 o. 3 1 6 7.41871 o. o. 1048.92 47.1950 522.800 550.560 o. 
4 1 6 7.66516 o. o. 1048.38 47o1948 522.800 550olt85 ·o. 
5 1 6 7.69092 o. o. 1048.33 47.1948 522.800 550.478 o. 
6 1 b 7.66516 o. o. 1048.02 lt7o191t6 522.800 550olt36 o. 7 1 6 7oltl871 8: o. 1048.33 47.1948 522.800 550.478 o. 8 1 6 5.73112 o. 1048.9& 47.1950 522.800 550.565 o. 9 1 6 5.73112 o. o. 1048-.96 47 o1950 522.800 550.565 o. 
1 2 6 13o1198 o. o. 1049.44 25.0426 571.380 550.417 4.532825E-02 2 2 6 13.1198 o. o. 1049olt4 25.0it26 571.380 550.1t77 4o532825E-02 
3 z 6 13.3380 o. o. 101t8.92 Zlto6328 572.229 550.416 4o696267E-02 4 2 6 12.0573 o. o. 1048.-38 27.2494 566.667 550.352 3o722186E-02 5 2 6 11.9505 o. o. 101t8. 33 27.4929 566.203 550.347 3o641014E-02 6 2 6 11o2026 o. o. 1048.02 29.3285 562.959 550.311 3.072801E-02 7 2 6 11.9505 o. o. 1048.33 27olt929 566.203 550.347 3.6HOlltE-02 N 8 2 6 12.0917 o. o. 1048.96 27.1719 566.906 . 550.420 3.750254E-02 0'1 9 2 6 12.0917 o. o. 1048.96 27o1719 566.906 550.420 3o750254E-02 w 1 3 6 32.9623 o. o. 1048.12 9o96758 655.950 550.322 o195762 
2 3 6 32.9623 o. o. 1048.12 9.96758 655.950 550.322 .195762 
3 3 6 33.5548 o. o. 101t7o69 9.79156 658.381 550.272 .200162 4 3 6 29.8792 o. o. 1047.25 10.9961 642.583 550.220 .112216 
5 3 6 29.5728 o. o. 1047.21 11oll00 641.267 550.216 .169887 
6 3 6 27.4271 o. o. 101t6o95 llo 9792 632.051 550.186 .153588 
7 3 6 29.5728 o. o. 1047.21 llollOO 641.267 550.216 .169887 
8 3 6 30.0090 c. o. 10it7.7Z 10.9485 643.243 550.276 .173289 9 3 6 30.0090 o. o. 1047.72 10.9485 643.243 550.276 .173289 
1 4 6 43.8586 o. o. 1045o34 7o49122 701.755 549.997 .277545 
2 4 6 43.8586 o. o. 1045.34 7.49122 701.755 549.997 • 277545 3 4 6 44.6405 o. o. 1845.21 7.36001 705.051 549.981 • 2831tllt 4 4 6 39.6469 o. o. 1 ltlt.98 8.28700 683.709 549.955 .245607 
5 4 ·~ 39.2307 o. o. 1044.97 8. 37492 681.931 549.953 .242456 
6 4 36.3167 o. o. 1044.84 9.04691 669.481 549.938 o220ft04 7 4 6 39.2307 o. o. 1044.97 e. 3H92 681.931 549.953 • Zft2456 8 4 6 39.8437 o. o. 1045.15 8.24607 684.590 549.9H oZft7139 9 .. 6 39.8437 o. o. 1045.15 8. Zlt607 68ft.590 549.974 .247139 1 5 6 43.8586 o. o. 1043.00 5.01485 747.560 549.672 .359327 
2 5 6 43.8586 o. o. 10ft3o00 5o0H85 H7o560 5ft9.672 .359327 3 5 6 4fto6405 o. o. 1043o00 4o928ft5 751.721 549.690 .366665 .. 5 6 39.b469 o. o. 10ft3.00 5.57792 721to835 51t9ob90 • 318998 5 5 b 39.2307 o. o. 101t3.00 5.63982 722.595 549.690 .315025 6 5 6 36.3167 o. o. 1843.00 6.11464 706.911 549.690 .287220 7 5 6 39.2307 o. o. 1 lt3o00 5ob3982 722.595 51t9o690 • 315025 8 5 6 39.8437 o. o. 101t3o08 5.54362 725.938 549.673 .320989 9 5 6 39.8437 o. o. 101t3o0 5o5lt362 725.938 549.673 .320989 1 1 7 5.45890 o. o. 101t9olt0 47.1952 522.800 550.626 o. 2 1 7 5.45890 o. o. 1049oft0 ft7o1952 522.800 550.626 o. 3 1 7 7o1569ft o. o. 101t9.01 lt7o1951 522.800 550.573 o • -. ...... '(, 



TABLE E:- Il (continued) 

SCDRE-EVET BENE DETTl::-K l SER ,- •. ORDS 110D 1 VE R 2 
EXAMPLE 2, ?-D 7X7 BWR CL.UHER, NON.,-U~IFORI1 lNL;T IIEL OC I.TY• STEADY STATE 

K I J u J Yl PRESSURE DENSITY ENERGY TEI1P QUAL 
FT/SEC FHSEC F T I SEC PSI L811/FT3 8TU/L811 OEG F 

ft 1 7 7oftl871 o. o .• 10ft8.33 ft7o19ft8 522.800 550.478 o. 
5 1 7 7.44447' :o. .o. 1048.33 47.1948 522.800 550.478 o. 
6 1 7 7.41871 .o. o. 1048.33 lt7.19ft8 522.800 5 so olt78 o. 
7 1 7 7o15691t .0·. o. 1048.5.1 47.191t8 522.800 550.503 o. 
8 1 7 5,45890 o .. o. 10ft9oft9 ft7.1953 522.800 550.638 o. 
9 1 7 5oft58.9C ().. o. 10ft9,49 H.19H 522.800 550o638 o. 
1 2 7 13o026lt .O<o o. 1049.40 25.2222: 570.97it• 550.472 4o461679E~02 
2 2 7 13eD26lt .(). o. 1049.40 25.2222 570o9H 550o472 ftelt61679E-02 
3 2 7 13o551lt o. o. 10ft9o01 2:4.2451 573.156 550.427 lt,85862ZE-02 
4 2 7 llo950~ o. o. 10ft8o33 27.ft929 566.203 550.347 3o6410l!tE-02 
5 2 1 llo950~ a. o. lOftS, 33 27oft929 566.203 550.347 3o 6HOHE-02 
6 2 7 llo950~ a. o. 1048 0 33 27o4929 566.203 550. 3ft7 3o 6ftlOHE-02 
1 2 7 12.3776 a·. .o. 10ft8o51 26e5ft42 568.057 550.368 3. 965701E-02 
8 2 7 13.2132 a. o. 10ft9olt9 Zlto8656 571.787 550olt82 lto603972E-02 
9 2 7 13•2132 o. o. 10ft9oft9 2fto8656 51lo787 550olt82 lte60397ZE-02 
1 3 7 3Zo693Q a. o. 10ft8.08 10o0491t 651t.791t 550.318 .193719 
2 3 7 32.693<:1 a. o. 1046.08 10o01t9lt 65lto79lt 550. 31'8 .193719 
3 3 7 Ha671 a. o. 1047 0 77 9o61601i 661.011t 550.281 .204821 ft 3 7 29,5728 a·. o. 10it7.21 llollOCl 6"1.267 550.216 o169887 5 3 7 29~ li7Z8 a;. o. 10ft7o21 u.uog 641.267 550.216 .169887 6 3 7 29,'5728 c~ o;. 101t7.21 llollO 641.267 550.216 o169887 

N 7 3 7 30.798<t Co a. 10ft7.36 10.6679 61t6o533 550.233 .. 179202 
0'1 8 3 7 33o2301b Co o. 101t8o15 9.8B7ae 657.105 55a.326 .197806 
~ 9 3 7 33~2301b· c. o. 101t8ol5 9,8870£. 657.105 550.326 o197806 

1 4 7 43olt931b• c 0 a. 10ft5o32 7.55407 700.194 51t9o995 .2H781 2 4 7 43.4930 c .• o;. 1045.32 7o55407 700.194 549,995 o271t781 3 4 7 45,472S· c 0 o. 1045.24 7.22533 708.608 51t9.986 .2897!5 ft 4 7 39.230l' f: .o. 10it4.97 8.37492 661.931 51t9.953 e2421t 6 
5 4 7 n:B8~ o. 104lto97 8 0 371t92 681o931 5ft9o953 , Zlt21t56 
6 4 7 C•, o;. 1044.97 8o3H92: 681,931 51t9,953 ;.2~t21t56 
7 " :r ItO, 895';) C•o o. 1045.04 8.03399 689,alt5 51t9.962 .255058 
8 4 7 ltlt.2235 C•;. o. l0ft5o36 7elt29ft0 703.315 51t9o999 oZ80309 
9 4 7 ltlte223;) o. a~ 101t5.36 7.1t29lt0 703.315 5ft9.999 .280309 
1 5 7 lt3.4930:, "· o. 10't3o00 5.0587 .. H5o59ft 5ft9o67Z o35581t2 z 5 7 ft3.ft93-2 Oo o. 1alt3.00 5.0587<i H5.59ft 549.672 .355842 
3 5 7 45.4725 o. .0 0 1043.00 4o 83't58 756.202 549.690 0 37lt610 
ft 5 7 39.230~ o. o. 10ft3.00 5.63982 722.595 51t9.690 .315025 5 5 7 Ho230~ .•.. o. 1043.00 5.63982 722.595 51t9.690 .315025 6 5 1 39.230~ •• o;. 10ft3.00 5.63982 722.595 51t9o690 .315025 
1 5 1 lt0o8955 .•. o. 10ft3.00 5olt0008 731,557 549.690 .330915 
8 5 1 44.223~ lo o. 1043.00 4o97172. 749.526 51t9o672 .362813 
9 5 7 44.2235 •• o. 101t3 .oo lt.97172 H9o5-26 5ft9.672 .362813 
1 1 a; ~·:~H~§ o;. o;. 101t8elt7 Ho191t8 522.800 550.499 o. 
2 1 e. •• o. 10lt8o47 lt7o19ft8 522.600 550.1t99 o. 
3 1 61 5,4589(• olo o. 10ft8,61 Hol949 522.600 550.517 o. 
" 1 a; 5.7311~ o .• o. 101t9o09 lt7.1951 522.600 550.563 o. 
5 1 8 5o7531t[o .Yo o. 101t8o87 47o195a 522oBOa 550.553 a. 
6 1 61 5;. 73u~· o), o. 101t6.96 lt7.1950 522.600 550.565 o. 
7 1 8 5olt5890 1•) 0 o. 101t9oft9 lt7ol953 522.eao 550.638 o. 
8 1 8 3.9516·3 J. o. 101t9o16 47.1951 522.600 550.593 o. 
9 1 8 3 0 9516.::> •)o .o. 101t9o16 lt7o1951 522o80C 550.593 o. 
1 2 8 1-0.2230 ·~ 0 o. 10lt8.1t7 3Zo1388 558o81t2 550.363 2 o 330H6E-02 
2 2 8 1ao2230 )~ .o 0 101t8 ,H 32:o1388 558,81t2 550.363 2o 330H6E-02 
3 2 !! ll.3U3 )~ o. 181t8,6l 28,961t7 563.652 550.380 3.18ll39~-02 ft 2 !! 12', 372:1! :r. ,Oo 1 lt9.09 26.5559 568.126 550.1t36 3.963676 -02 

' ' 



TABLE E-II {continued) 

SCORE-EVET BENEDETTI-KI~ER-LORDS HOD 1 VER 2 
E:UHPLE z, 3-D 7X7 BWR CLUS ER, NON-U~IFORH INLET VELOCITY, STEADY STATE 

K I J u v •• PRESSURE DENSITY ENERGY TEHP QUAL FTISEC FTISEC FTI sec PSI LBHIFT3 BTUILBH DEG F 5 2 8 11.901tb o. o. 101t8.87 27.5988 5bb.092 550.410 3.607975E-g2 b 2 8 12.0917 o. o. 101t8.9b 27.1719 5b6.90b 550.1t20 3. 750254E- 2 7 2 8 13.2132 o. o. 101t9.49 24.8b5b 571.787 550.482 4.603972E-02 8 2 8 ll.b272 o. o. 1049.1b 28.2571t 5blt.951 550.Hit 3. 398212E-g2 9 2 8 U.627Z o. o. 1049.16 28.2571t 561t.951 550.Itlt4 3.398Z12E- 2 1 3 8 24.b63b o. o. 101t7.31 13.3214 62.0. 327 550.228 .132707 z 3 8 24.663b o. o. 101t7.31 13.3214 620.327 550.228 .132707 3 3 8 27.8598 o. o. 1047.1t4 11.7931 631t.001 550.242 .15691t7 It 3 8 ~0.8146 o. o. 10it7.83 10.b623 61t6.708 550.288 .179418 5 3 8 29.1t718 o. o. 101t7.65 ll.llt81 640.933 550.267 .169203 6 3 8 30.0090 o. o. 1047.72 10.91t85 643.21t3 550.276 .173289 7 3 8 33.2306 o. o. 1048.15 9.88708 657.105 550.32b .197806 8 3 8 ~8.b97b o. o. 10it7.88 11.1tlt88 637.676 550.294 .163376 9 3 8 .28.697b o • o. 1047.88 11.1t488 637.676 550.291t .163376 1 It 8 ~2.592b o. o. 1041t.90 10.0806 653.b28 549.91t6 .192280 2 4 8 32.592b o. o. 1044.90 10.0806 653.628 51t9.946 .192280 3 4 8 36.9228 o. o. 101t5.01 8.89839 b72.107 51t9.958 .225027 4 4 8 .:.0.9388 o. o • 101t5.20 8.0251t9 689.272 549.981 .255431 5 It 8 39.1136 "· o. 101t5.11 8.1tOOOO 68l.lt69 549.970 • 21tl611 6 It 8 39.8437 o. o. 101t5.15 8.24607 681t.590 51t9.971t .247p9 7 It 8 H. 2235 o. o. 1045.36 7.4Z940 703.315 51t9.999 .280 09 8 It 8 38.0761 o. o. 101t5.18 8.62887 677.863 51t9.978 .233786 
N 9 It 8 38.0761 o. o. 101t5.18 8.62887 6 77. 63 ·549.978 .233786 

"' 1 5 8 32.5926 o. o. 101t3.00 6.83982 686.928 .51t9 •. 664 .251852 
U1 2 5 8 32.5926 o. o. 101t3.00 6.83982 686.928 51t9.661t .251852 3 5 8 36.9228 o. o. 101t3.00 6.00366 710.Zl2 549.671t .293106 

"' 
5 8 lt0.9388 o. o. 101t3.00 5.38871 731.835 51t9.673 • 3311tlt5 5 5 8 39.1136 .o. o. 101t3.00 5.65192 722.006 51t9.674 • 3llt018 6 5 8 39.8437 o. o. 101t3.00 5.51t362 725.938 51t9.673 • 320989 7 5 8 .;,tt.2235 o. o • 101t3. 00 lt.97172 71t9.526 549.672 .362813 8 5 8 38.0761 o. o. 101t3.00 5.80891 716.450 549.661 • 301tl95 9 5 8 38.0761 o. o. 101t3.00 5.80891 716.1t50 51t9.661 • 301tl95 1 1 9 3.95163 o. o. 1048 .H 47.191t8 522.800 550.499 o. 2 1 9 3.95163 o. o. 1048.1t7 47.191t8 522.80(1 550.1t99 o. 3 1 9 5.45890 o·. o. 1048.61 lt7.1949 522.800 550.517 o. 4 1 9 5.73112 o. o. 1049.09 lt7.1951 522.800 550.583. o. 5 1 9 5.75340 o. o. 101t8.87 lt7.1950 522.800 550.553 o. 6 1 9 5.73112 o. o. 101t8.96 47.1950 522.800 550.565 o. 7 1 9 5.1t5890 o. o. 101t9.1t9 47.1953 522.800 550.638 o. 8 1 9 3.95163 o. o. 1849.16 lt7.1951 522.800 550.593 o. 9 1 q 1.95163 o. o. 1 49.16 47.1951 522.800 550.593 o. 1 2 9 10.2230 o. o. 1048.47 32.1388 558.842 550.363 2.330746E-02 2 2 9 ;.o.2po o. o. 101t8.1t7 32.1388 558.81t2 550.363 2 • 330746E-02 3 2 9 11.3 33 o. o. 101t8.61 28.961t7 563.652 550.380 3.18ll39E-02 It 2 9 12.3722 o. o. 101t9.09 26.5559 568.126 550.436 3.963676E-02 5 2 9 11.901t6 o. o. 101t8.87 27.5988 566.092 550.1tl0 3.607975E-02 6 2 9 12.0917 o. o. 101t8.96 27.1719 566.906 550.1tZO 3. 750254E-g2 7 2 9 13.2132 o. o. 1049.1t9 21t.8656 571.787 550.It82 lt.603972E- 2 8 2 9 11.6272 o. o. 1049.16 28.2571t 561t.951 5 50 .Hit 3.39821ZE-02 9 2 .9 U.6272 o. o. 1049.16 28.2574 561t.951 550. 4H 3.398212E-02 1 3 9 Zlt.6636 o. o. 101t7.31 13.3214 620.327 550.228 .132707 2 3 9 24.6636 o •. o. 101t7.31 l3.32llt 620.327 550.228 .132707 3 3 9 Z7.8598 o. o. 1 Olt7 .ltlt 11.7931 634.001 550.21t2 o15691t7 It 3 9 S0.8lltb 

8: 8: 10it7.83 10.bb23 646.708 550.288 .1794~8 5 3 9 29.4718 1047.65 11.llt81 blt0.933 550.267 .1692 3 

'\·: ,;·· 



TAELE E-ll (continued) 

SCORE-EVET BENEDETTl-Kl,ER-LORDS MOD 1 VER 2 
EXAMPLE 21 3-D 7X7 B~R CtUS ER, HON-UNI~ORM INLET VELOCITY, STEADY STATE 

K I J u v w PRESSURE DENSITY ENERGY TEHP QUAL 
FT /SEC FT liEC FT /SEC PSI LBH/FT3 BTUIL8H DEG F 

6 3 q 30.0090 o. o. 1047.72 10.9485 643.243 550.276 .173289 
7 3 q 33.2306 o. o. 101t8.15 9.88708 657.105 550.326 .197806 
a 3 9 28.6976 o. o. 1047.88 11.4488 631.676 550.294 .163376 
q 3 9 28.6n6 o. o. 1047.88 11.4488 637.676 550.294 .163376 
1 4 9 32.5926 o. o. 101t4.90 10.0806 653.628 549.91t6 .192280 z 4 9 32.5926 o. o.· 1044.90 10.0806 653.628 549.946 .192280 
3 4 9 36.9228 o. o. 101t5.01 8.89839 672.107 549.958 .225027 
4 4 9 40.9388 o. o. 1045.20 8.02549 689.272 549.98.1 .255431 
5 4 9 39.1136 o. o. 104~.11 8.40000 681.469 51t9.970' .Zit1611 
6 4 9 39.6437 o. o. 10lt5.15 8.24607 684.590 549.974 .247139 
7 4 9 44.2235 o. o. 1045.36 7.42940 703.315 5lt9.999 .280309 
8 4 9 38.0761 o •. c. 1045.18 8.62887· 677.063 549.978 .233786 
9 4 9 38.0761 o. o. 1045.18 8.62887 677.063 549.978 .233786 
1 5 9 32.5926 o. o. 1043.00 6.8398,2 686.928 51t9.66lt .251852 
2 5 9 32.5926 o. o. 10lt3 .oo 6.83982 686.928 549.664 .251852 
3 5 9 36.9228 o. o. 10lt3.00 6.00366 no. 212 549.67lt .293106 
4 5 9 40.9368 o. J. 1043.00 5.36871 731.835 51t9.673 • 33141t5 
5 5 9 39.1136 o. o. 10lt3.00 5.65192 722.006 549.674 • 3llt018 
6 5 9 39.6431 o. o. 10lt3.00 5.5lt362 725.938 51t9.673 .320989 
7 5 9 ltlt.Z235 o. o. 10it3 .oo· 'to97172 H9.526 51t9.672 .362813 
8 5 9 ·.38.0761 o. o. 101t3.00 5.80891 716.1t50 51t9.661 .30it'l95 
9 5 9 38.0761 o. o. 101t3.00 5.80891 716. It 50 549.661 .304195 

N 
0"1 
0"1 

' 



TABLE E-ll (continued) 

SC.JRE-EVET BENEDfTTl-KlSER-LOROS r100 1 IIER 2 
EUr1PLE z. 3-0 7X7 BWR CLUSTER, NON-UMlfORr1 INLET VELOC !TY, STEADY STATE 

X ox DY DZ X y z 
lNCHES INCHES INCHES INCHES INCHES INCHES 

1 .50000 • 79400 .79400 o. o. o. 
2 48.000 .79400 .79400 48.000 .79400 .79400 
3 48.000 • 73800 • 73800 96.000 1.5320 1.5320 
4 48.000 • 73800 • 7 3800 llt4. 00 2.2700 2.2700 
5 .50000 .73800 .73800 llt4. 50 3.0080 3.0080 
6 o. .73800 .73800 o. 3. 71160 3.7460 
7 o. • 73800 • 7 3800 o. 4.4840 4. 4840 
8 o. .79400 .79400 o. 5.2780 5.2780 
9 (1. • 79400 .79400 o. 6.0720 6.0720 

.,}. .. ;· 



TAB!...E E- I-I (continued') 

SCORE-EVET BENEDETTI-KI,ER-LO~DS KO~ l ¥E R 2 
EXAHPLE 2· 3-D. 7X7 BWR CLUS. ~R, NON-UNIFOR~ INLE. VELOCIT"f, STEADY ShTE 

•••CHANNEL 1 CYCLE 0 T-I~H o. I T'ER 0 DELTA TIHE o10000E-02 POWER AVERAGE 12.000 KWlFT, 

X· u PR·E iSURE :lcNSHY ENlERGY· TEHP OUAL HASS FLUX· HEAT FLUX 
FT/SEC PSI L811/FU BTU /.L a·H DEG F LBH/FT2•SEC 8T U I FT 2, HR , 

1 3. 9516-31 104:;. 4't81 47.19524 52:2.8000 550.6328 o. 186o't982 o .• 
2 12.20471 104i.4't8 26.92026 567 olo665' 550 .• 1t775 3e·8317584E-02 328.5540 2•5'3844'. 7 
3 30.35743 104~.119 1.0. a 228·5 644.8199 550. 32'22 o1 760068 328,!;540 4680·36.3 
4 40.333.19 1-04~.288 8.Vt59.96 b86>7l28 549.9908 .2508776 328,!;540 2538ltlt. 7 
5 40.33319 104~·.ooo 5.469139 728.6056 549.6594 • 3257484 220.58 79 o. 

•••CHANNEL 2 CYCLE o. TIHET ~. l TER 0 DELTA TIHE .lOOOOE-02 POWER AVERAGE 12.000 Kti'/FT. 

X u PRE~ SUR-E DENS I.T'Y ENER•i>Y TEHP DUAL HASS FLUX HEAT FLUll 
FTISEC PSI I:E.HIFT3' 8TUILBH DEG F L BHn=T 2•s ec BTU/FT2,HR. 

1 5.458904 1 c 4.~~. 8 01. 47.19539 s2z:.a·ooo 550.6815 o. 257.·~351 o. 
2 13.86686 1040 •. 80·1 z:;. 69347 5.H. 6344 550.5187 5.1020286E-02 328.::i540 26'2523.2 
3 35.10877 104t-o408 9, 358176 6f:5.1908 550.3559 .2121095 328.:i540 481o037.6 
4 46.77-753 1(14~·., 4.8o0 7. 023'.75'7 Hloo 2377 550.0133 .2996596 328.:i540 262523.2 
5 46.77753 1043.000 4 •. 689339' 7E3. 2347 549.6708 .3872096 219.3557 o. 

N u•CHANNEL 3 CYCLE 0 TIHET o. ITER 
(j) 

0 DELTA TIHE .lOOOOE-02 POW::R AVERAGE 12.000 KW/FT, 

00 X u PRESSUH· DENSIH· E~.E R G Y' TEHP DUAL HASS FLUX HEAT FLUX 
FT/SEC PSI- L8H/F:Ts3 BlL/LaH DEG F LBH/FT2•SEC 8TU/FT2.HR, 

1 5.73Ul8 104Q .136 47.19511 5c.-2.8DOO 550.5894 o. 270.Ift8Ci7 o. 
2 12.46~67 104'".136 26.356-7-0 568.5330 550.4410 4.0348170E-OZ: 328.5540 229979.0 
3 31.08~16 lOt•• • 8&6 10.57016 6q.8&35 550.2925 .1814605 328.5540 42lo032. 9 
4 41.30~83 1045.21-9 7. 95.1o•566· 6<;1C.8321 51t9,9826 .2581954 328.5540 229979-.0 
5 41.3C583 10.43'.0:00 5.338971. B!, 8006 549.6728 • 3349 302 220.5199 o. 

... CHANNEL 4 CYCLE o . TIHH (;, ITER 0 DELTA TIHE olOOOOE-02 POWER AVERAGE 12.000 KW/FT • 
X u PRESSURE· DENSITY' EI'IERGY TEHP DUAL HASS FLUX HEAT FLUX 

FT /SEC PSI LBH/FT-3 8TUH8rt· DEG F L8H/FT2•SEC BTU/FT2ot<R. 
'1 5.753:;97 1049.712 ,41.1'i'535- 50:2 •. 8000 5 50 .• 6691.. o. 271.5336 o. 
2 13.68014 1 o to-9 • n·z· 21t,Ol685 5:'5,8208 550.5083. 4.9597216E-OZ 328.5540 258183.9 
3 34.57225 10lol3o 33.5· 'h 50.3-403 611>2·. 8805 550. 3474· .2080225 328.:5540 476037 .o 
4 46.04186 l0lo5.1ol15 7 .13·~·054 7:.1.1170 550.0092: .2941308 328.5540 258183.9 
5 46.04786 1C4~.ooo 4. 766'706 75Q,3536 549.6710 • 3802391 219.-4966 o. 

tt•CHANNEL -5 CYCLE 0 TUET (j, ITER 0 DELTA TIHE .lOOOOE-02 POWER AVERAGE 12.000 KW/FT • 

X u PRE'iSURE DENSITY ENERGY· TEHP QUAL HASS: FLUX HEAT FLUX 
FT/SEC PSI L:HI/FT3 8TUfL8H DEG F LBHIFT2•SEC 8TU/FT2.HR. 

1 5o731:1B 10~ ~-. 44:5. 47,19524 5~0:. 8000 550.6322 o. 270.4815 o. 
2 13.11980 10'~ .... 4·5 2·5. 04:261 5r:.3803 550.4771 4 o5328251E-Oc 328.5540 245166.3 
3 32.96Z27 10'3-~.1-18 9',9&-7579 655.9496 550.3220 .1957623 3Z8.551t0 lt5Z035.1 

" 43.85857 10' ;. 3,41 7·,H1216 7•L • 75'49 549 •. 996Ci .27751o48 328.551o0 245166.3 
5 43.85857 10 ,-;~_.,_()O'o:· 5.014854. 7-H.560-1 549. 6·1l'i' .3593273 '219.9443 o. 



TABLE E-ll (continued) 

SCDRE-EVET BENEDETTI~KISER-LORDS HOD l VER 2 
E:U11PLE 2· 3-D 7X7 BWR CLUSTER, NON-UNIFORM INLET VELOCITY, STEADY STATE 

•••CHANNEL 6 CYCLE 0 TIMET "· ITER 0 DELTA TI11E .1~·:100E-02 POWER, AVERAGE 12o000 KW/FTo 
X u PRESSURE DENS~TY ENERGY TEI1P QUAL 11ASS FLUX HEAT FLUX FT /SEC PSI LBI1/FTl BTUILBH DEG F LBI1/FT2•SEC BTU/FT2.HR. 1 5.4589\)4 1049.400 47olq522 522.8000 550.6260 o. 257.6342 o. 2 13o02638 1049.400 25.2~221 570.9735 550.4719 4o4616788E-02 328.5540 242996.6 3 Ho69388 1048.082 10oO't940 654.7945 550.3178 .1937191 328.5540 448034.8 4 43. 493!>4 1045.323 7. 55't070 700.1945 549.9949 .2747805 328.5540 242996.6 5 43.493!14 1043.000 5.058735 745.5945 549.6720 .3558420 220.0228 o. 

•••CHANNEL 7 CYCL~ 0 TI HET o. ITER 0 OEL TA TII1E o10000E-02 POWER AVERAGE 12o000 KW/FT. 
X u PRESSURE DENSITY ENERGY TEMP QUAL 11ASS FLUX HEAT FLUX FTISEC PSI LB11/FT3 8TU/L811 DEG F LBI1/FT2•SEC BTU/FTZ.HR. 1 3.951631 1048.470 47.19482 522.8000 550.4988 o. 186.4965 o. 2 10.22298 104Ao470 32.13876 558.8415 550.3632 2o3307463E-OZ 328.5540 201774.0 3 24.66358 1047.310 l3.32142 620.3270 550.2276 o132 70 75 328.5540 372028.9 
It 32.59264 104't. 904 l0o0f'062 653.6276 549.9458 .1922796 328.5540 201774.0 5 32.59264 1043.000 6.839816 686.9283 549.6640 .2518517 222.9277 o. 

N 
(j\ ••*CHANNEl 9 CYCLE 0 TIMET o. ITER \.0 0 DELTA TII1E o100t'OE-02 POWER AVERAGE 12e000 KW/FT. 

X u PRESSURE DENSJTY ENERGY TEI1P QUAL MASS FLUX HEAT FLUX FT /SEC PSI LBM/fT3 BTU/LBI1 DEG F o; LBM/FH•sEc BTU/FT2.HR. 1 7.156936 1049.015 47.19505 522.8000 550.5727 337.7720 o. 2 13o55136 1049o015 24. 2'·510 573.1560 550.4268 4o8586216E-02 328.5540 223470.1 3 34.16711 1047.766 9o61f.09l 661.0143 550.2808 .2048208 328.5548 412032.0 
It 45. HZ 50 1045.245 7.22!335 708,6081 549.9856- .2897152 328.554 223470o1 5 45.47250 1043.000 4.83'578 756.2019 549.6904 .• 3746096 219.8403 o. 

•••CHANNEL 10 CYCU: 0 TIMET o. ITER 0 DELTA TIME o10000E-02 POWER AVERAGE 12.000 KW/FT. 
X u PRESSURE DENSIITY ENERGY TEI1P QUAL 11ASS FLUX HEAT FLUX FT/SEC PSI L811/FT3 BTU/LBI1 DEG F LBI1/FT2•sEc 8TU/FT2.HR. 1 7.418707 1048.513 't7o1G484 522.8000 550.5032 o. 350.1247 o. 2 12.37763 1048.513 Z6o5~417 568.0573 550.3681 3o9657012E-02 328.5540 199604.4 3 30.7981t0 1Cit7, 357 l0o6t:789 61t6.5327 550.2330 .1792017 328. 551t0 368028.6 4 40.89552 1045.040 8.033985 689, Oltlt9 51t9o9616 .2550581 328.5540 199604.4 5 40.89552 1043.000 5,40C078 731.5570 51t9.6903 .3309145 220.8390 o. 

•••CHANNEL 11 CYCLE 0 Tl11ET o. ITER 0 DELTA TIME o10000E-02 POWER AVERAGE 12.000 KW/FT. 
X u PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX F TIS EC PSI LB11/FT3 BTU /L8 H DEG F L811/FT2•SEC BTUIFTZ o HR o 1 7.441t467 1049.1t78 47.1Cjj525 522.8000 550.6371 o. 351.31135 o. 2 llto617Z8 1049.478 22olt1709 577.7912 550.1t809 5.6704591E-02 328o551t0 Zlt5166. 3 3 37o22735 · 1048ollt1 8.82!:608 674.1792 550.321t7 .2281155 328.551t0 lt52035o1 
It lt9.63180 1045.431 6o61Cjj829 726.3922 550.0075 .321221t0 32 8. 551t0 245166.3 5 lt9o63180 1043.000 4.4111050 778.6052 51t9o6903 oltllt3325 219.0772 o. 

't.o.·•. ~. ". 



TABLE E-ll (continued} 

SCDRE-E~EI EHI1PL , 3-0 
BENEOETTI-KL,ER-UOROS MOO 
7X7 BWR CLUS ER• NON-UHIFORI1 

1 ¥ER 2 
I N L E 'J : LllC IT Y, STEADY STATE 

•••CHANNEl H CYCLE c UMET o. ITER 0 DELTA TIME ,10000E-OZ POWE~ AVERAGE 12.000 KW/FT, 

X u PRESSURE DENSITY ENER:;Y TEI1P .QUAL 11ASS FLUX HEAT- FLUX 
FT/SEC PSI LB.1/FT3 e.TU/L811 OEG F L811/FT2•SEC 8TU/FTZ,HR, 

1 7.418707 1048.923 47.195Q1 !-22.8000 550.5600 o. 350.1260 -o • 
2 13.33805 1048.92! 24.632~4 572.2290 550oH60 4,6962665E-02 328.551t0 219130.9 
3 33o55481 1047.69<. 9,791564 1>58.3813 550.2721 ,200l623 328.5540 401t031olt 

" 44.64046 1045.201 7.360006 .. 05 0 0512 5t,9,9812 o2831tl37 328,551t0 219130.9 
5 lt4o64046 1043,000 4.~28448 7 51.7211 549.6901t .3666650 220.0082 o. 

.. ._CHANNEL 13 CYCLE 0 7I MET o. ITER 0 DELTA TIME o10000E-02 POWER AVERAGE 12.000 KW/FT, 

X u PRESSURE DENSITY :NE.RGY TE11P QUH 11ASS FLUX HEAT FlUX 
FT /SEC PSI L811/FT3 HUILB11 DEG F LBMIFTZ•SEC BTU/ FT Z ,HR, 

1 7.156936 1049.015 47.19505 52l.eooo 550.5727 o. 337,7720 o·. 
2 13.55136 1049.015 24.24510 573.1560' 550.lt268 4.8586Z16E-CZ 328.5HO 2 2 3lt 70 ol 
3 34o167ll 1047.76b 9.616091 )61.0143 550.2808 o201t3208 328e551t0 412032.0 
4 45.4 7 2 50 1045.245 7.225335 108.6081 549.9856 .2897152 328.5HO 223't70o1 
5 45 .HZ 50 l01t3o000 4.834576 756 .. 2019 549.6904 .374!1096 219,8~03 o. 

N ... CHANNEl 14 CYCLE o) U11ET o. ITER 0 DELTA TIME elOOOOE-02 POWn AVERAGE 12.000 KW/FT, -.I 
0 X u PRES'SUR: OEN S ITY ENE~GY TEMP QUAL MASS FLUX HEAT FLUX 

FT/SEC PSI LBK/FT3 BTUILBM OEG F L8M/HZ•SEC 8 T U I FT 2 , HR , 
1 5,4589C•It 1048.613 47.191t88 52~.8000 550.5175 o. 257.6323 o. 
2 11.34327 1048.613 28.96465 565.6519 550.3799 3o1811392E-02 328.551t0 2039-\3,6 
3 27.85918 1Git7.1t3!1 1]1,79313 63C..0015 550.2423 o156947t, 328.551t0 376029.2 

" 36.92264 1045.01:> 8.698394 672.1066 51t9.9582 .2250269 328,55/tO Z0391t3.6 
5 36.92264 lOU.OOO 6.003659 710.2.117 549.6742 .2931065 221.6.722 o. 

... CHANNEL 17 CYCLE 0 Tli'.E T o. ITER 0 DELtA TIME e10000E-02 POWE!R AVERAGE 12.000 KW/FT • 
X u PRESiURE DENSITY -ENEF:GY TEMP QUAL MASS FLUX HEAT FlUX 

· FTISEC PSI LBM/H3 BHI.'l811 DEG F L8M/FTZ•SEC BTU/FT2.HR, 
1 7o665lb2 104!!.96q 47.19503 522.8000 550.5663 o. 361.7576 o. 
2 13.444"1 104!!o96q 2.,, B742 57Z.!J925 550o42llt 4, 7774437E-02 328.551t0 221300.5 
3 33.86097 104lo 72:9 9. 703031 659 .• 1:978 550.2764 .2024915 328. 551t8 408031.7 
It 45.056ot9 104~. 22.-6 7.292047 701)., 8297 549.9834 .Z86561t4 328.554 221300.5 
5 lt5.056ot9 101o~.ooo lt.881063 75~.9615 549.6904 .3706373 219.<;236 o .• 

•••CHANNEL 18 CYCLE 0 TIMET o. ITER 0 DELtA TIME .1C·OOOE-02 POWER AVERAGE 12.000 KW/FT • 
X u PRBSUR:E DENSITY EN:~GY TEMP QUAL MASS FLUX HEAT FLUX 

FT/SEC PSI l8i'1/FT3 BT•JfLBM DEG F L811/ t2•SEC BTU/FT2.HR, 
1 7.69o9n 1048,558 H.19486 522.8000 550. 5091t o. 362. 719 o. 
2 12.48439 1048.558 2o.317-19 56~.5209 550.3731t 4.0468 734E-02 328. 51t0 201774.0 
3 31.10475 101t:"e3Ci4 .10•56282 61t7,81t93 550.2373 .1815305 328. 51t0 372028.9 

" 41.311!>9 104!i.059 7.953053 690.8234 51t9.9638 .2582086 328. 51t0 20177lt.O 
5 ltle31169 104J..OCO 5.3-\3282 733.7975 549,6903 .3348868 220. ltOO o. 

.-



TABLE E-ll (continued) 

SCO~E-EVH BENEDETTI-KISER-LORDS MOD 1 VER 2 
EXAMPLE 2, 3-D 7X7 BWR CLUSTER, NON-UNIFORM INLET VELOCITY, STEADY STATE 

•••tHANNEL 19 CYCLE D TIMET o. ITER· 0 DELTA TIME .1000l1E-02 POWER 'AVERAGE 12.000 KW/FT. 

X u PRESSURE DENSI-:Y ENERGY TEMP QUAL MASS FLUX HEAT Fll.IX FT/SEC PSI LBM/FT3 BTU/LBM DEG F LBM/FT2•SEC BTU/FT2.HR. 
1 7.665162 1048.378 47.19'178 522.8000 550.4845 o. 361.7556 o. 
2 12.05730 1048.378 27. 24'H0 566.6668 550.3523 3.7221B56E-02 328.551t0 193095.5 
3 29.87921 1C47.247 10.99b07 642.5832 550.2200 .1722156 328.5540 356027.6 
4 39.64694 1044.985 8.286996 683.7093 549.9551 .2456:l67 328.5540 193095.5 
5 H.t-4694 1043.000 5. 577919 724.8354 549.6902 .3189977 221.1474 o. 

•••<:HANN~L 20 CYCLE 0 TIMET o. ITER 0 DELTA TIME .10000E-02 POWER AVERAGE 12.000 KW/FT. 
X u PRESSURE DENSIJY ENERGY TEMP QUAL MASS FLUX HEAT FLUX 

FT/SEC PSI LBM/FI3 BTUIL8M DEG F LBM/FT2•SEC BTU/FT2.HR •. 
1 7.418707 1048.333 47.19.:.76 522 • 80UO 550.4784 o. 350.1241 o. 
2 11.95049 1048.333 27.49~92 566.2033 550.3470 3o6410138E-02 328.551t0 190925.9 
3 29.57277 1047.210 lloll•J02 641.2667 550.2157 .16988 70 328.5540 352027.3 
4 39.23011 1044.966 8.374919 681.9307 549.9529 .2424562 328.5540 190925.9 
5 39.23011 1043.000 5.639320 722.5948 549.6902 .3150255 221.2542 o. 

N •••CHANNEL 21 CYCLE 0 TIMET 'J. ITER 0 DELTA TIME o10000E-02 POWER AVERAGE 12.000 KW/FT. 
-....! 

X u PRESSURE. DENSUY ENERGY TEMP QUAL MASS FLUX HEAT FLUX ·-' 
FT/SEC PSI LBM/H3 BTU/LBM DEG F LBI1/FT2•SEC BTU/FT2.HR. 

1 5.731118 1049.092 47.19509 522.8000 550.5834 o. 270.4806 c. 
2 12.37219 1049.092 26.55585 568.1262 550.4358 3o963675bE-02 328.5540 227809.1t 
3 30.81464 1047.830 10.66227 646.7084 550.2883 .1794175 328.5540 420032.6 4 40.93881 1045.201 8.0251t90 689.2716 549.9806 .2554312 328.5540 227809.4 
5 40.93881 1043.000 5. 388110 131.8349 549.6729 • 3314449 220.6074 o. 

•••CHANNEL 25 CYCLE 0 TIMET ::>. ITER 0 DELTA TIME olOOOOE-02 POWER AVERAGE 12.000 KW/FT • 
X u PRESSURE DENSITY ENERGY TEMP QUAL P1ASS FLUX HEAT FLUX 

FT/SEC PSI LBM/FT3 BTUILBM DEG F L8M/FT2•SEC BTU/FT2.HR. 
1 7.716681 10'18.244 47.19472 522.8000 550.4661 o. 364.186'6 o. 
2 11.13686 101t8.244 27.99336 565.2763 550.3366 3o4786695E-02 328.5540 186586.7 
3 28.95983 10H.137 11.34517 638.6336 550.2071 .1652298 '32 8. 55 40 344026.7 4 38.39821 10lt4.929 8.556493 678.3736 549.9486 .2361554 328.5540 186586.7 
5 38.39821 10to3.000 5.767820 718.1137 549.6901 .3070810 221.4HO o. 

•••CHANNEL 26 CYCLE 0 TIMET o. ITER 0 DELTA TIME o10000E-02 POWER AVERAGE 12.000 KW/FTo 
X u PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX FT/SEC PSI LBM/FT3 BTU/LBM DEG F LBM/FT2•SEC BTU/FT2.HR. 
1 7.690921 1048.333 4 7. 19-4 76 522.8000 550.478it o. 362.9712 o. 
2 11.95049 1048.333 i!.7.it9'292 566.2033 550.3470 3o6410138E-02 328.5540 190925.9 
3 29.57277 1047.210 11.11.002 641.2667 550.2157 .1698870 328.5548 352027.3 

" 39.23071 1044.966 8.374<119 681.9307 549.9529 .2424562 328.554 190925.9 
5 39.23071 1043.000 5. 639820 722.5948 549.6902 .3150255 221.2542 o. 

!• ¥ 



TABLE E-ll (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS MOD l VER 2 
EXAMPLE 2. 3-D H7 BWR :LUSTER, NON-UNIFORI1 INLET VELOCITY, STEADY STATE 

**.+CHANNEL 27 CYCLE . () T II'IET c • HER 0 DELTA TI11E .-lOOOOE,;.02 POWER AVERAGE 12.01)0 KW/FT. 
)( u PRE~ SURE DENSITY ENER·GY f.EMP QUAL 11ASS FLUX HEAT F.LUX 

FT/SEC PSI LBI1/FT-3 BTUIL811 DEG F LB11/ FT-Z*SEC BTU/FT2.HR. 
1 7.444467 104E·o 333 47.194'76 52~.8000 550.4784 o. 35l.B98 o. 
2 11.95049 104E.333 27.49292 5oo .2033 550.3470 3.6410138E-02 328.!:540 190925.9 
3 29.572 77 1041.210 11.11002 6H.2667 5 50.2.157 .1698870 328. ~-5/oO 352027.3 

" 39.23071 104'.966 8.314919 63L.9307 549.9529 .21t24562 328.~540 190925.9 
5 39.23011 104!;.000 5.t:3CI820 72.~. 5948 54CI.6CI02 .3150255 221.<:542 o .• 

••+CHANNEL 28 CYCLE a TI11ET c. ITER •J DELTA TI11E .10000E-02 POWER AVERAGE 12 .oo.o KW/FTe 
)( u PRESURE DeNS In cN:RGY TEMP QUAL 11ASS FLUX HEAT .FLUX 

FT /SEC> PSI L811/FT.3 8 T'J ILB M DEG F LBI1/FT2*SEC BTU/FT2.HR. 
1 5.7533H 10/os.-873 47.1CI4CICI 522.8.000 550.5532 o. 271.~315 o. 
2 11.CI04~4 101t8.873 27.5CI88.2 5o~.OCI24 550.4103 3.607CI746E-02 328.!:540 UU~l:l 3 29.47190 :104 ;-. 650 11.14808 6 It•). 9325 550.2673 .16CI2033 328.~5/oO 
4 39.11356 104.5 .• ·n~o 8.400003 631.4694 54CI.9704 .2416108 328.~540 216CI61..3 
5 39.11356 1•043.000 5.651923 722.0063 51t9.6735 .3140181t 221. C•668 o. 

'N ++•CHANNEL 33 CYCLE 0 Tlf'IET o. ITER 0 DELTA TI11E .10000E-02 POWER AVERAGE 12.000 KW./FT ~ '-.1 
N )( u PRESSURE DENS IT,Y Ec'-lERGY TEI1P QUAL 11ASS FLUX HEAT FLUX 

F T I S-EC PSI LBI1/FT'3 BT:JILB11 DEG F LBI1/FT2*SEC BTU/FT2.HR. 
1 7 .• 665162 10411.022 4 7.1.946 3 522.8000 550.4356 o. 361.;"545 o. 
2 11.20255 10411 •. 022 29.32850 562.95.88 550.3107 3.0728009E-02 328.~·540 175738.6 
3 27.42708 1041>.954 11· 97Cil8 632 •. 051:0 550.1858 .1535877 328.~·540 321t025.2 
It 36.31670 104 ... 837 9. Olt6Cil4 669.4808 54Cio9379 .2201t037 328.~·540 115738.6 
5 36.31670 10H. 000 6olllt643 706.9106 54CI.6899 .2812198 222.0636 o. 

***CHANNEL 34 CYCLE 0 TI 11ET o. 1 TER 0 DELTA Tli1E .10000E-02 POWER AVERAGE 12.000 ·KW/FT • 

X u PRE:; SURE DENS.I TY ENERGY TE11P OUAL PUSS FLUX HEAT FLUX 
FT/SEC PSI L'BI1/FT3 BTUILB11 0 EG F LBI1HT2*SEC 8TU/FT2.HR. 

1 7.418707 104.So·333 4 7 •. 194-76 522 .• 8000 550.It781t o. 350.1.241 o. 
2 11.95049 .l04e-.-333 2 7. 49-292 5.66. 2033 550.3470 3.6410138E-02 328. !>540 190925.9 
3 29.572.77 104"'· 210 11.11002 641.2667 550.2157 .1698870 328.!>540 352027.3 
It 3CI.23071 104,. •. 966 8. 314919 681.9307 549.9529 .2424562 328.!>51t0 190925.9 
5 39.23071 10H. o·oo 5.63CI820 722.591t8 51t9.6902 .3150255 221.0:542 o. 

••+CHANNEL 35 CYCLE 'o TI11ET ··o. ITER 0 DELTA TI11E .10000E-02 POWER AVERAGE 12.000 KW/FT. 

X u PRFnURE DENS'ITY ENERGY TE11P •JUAL 11ASS FLUX HEAT FLUX 
FT/SEC ·PSI .L'BM/FT3 BTUfLBI1 DEG F L811/fTZ*SEC BTU/FTZ.HR. 

-1 5.731118 '1046. 9'6'0 "7 .1 950·3 522.8000 550.5652 o. 270 ... 803 o. 
·2 12.09169 1048.9!:0 ·2:7 .17:189 566.90.59 550.4205 3.7502540E-02 328.!>540 .221300.5 
3 30e008CI9 1041' .• '1.2'2 '10.94852 643.2't29 5 50. 2.75.7 .• 17321189 328.5540 408031.7 
4 39.81t370 1(14j .• •llt9 8.246072 684. 5CJ0-3 549.9H5 •• 2·411389 328.~540 ~~1300.5 5 39.84310 1043 .• 00'0 5 .• 543625 725.9378 549.6733 .• 32QCI890 ,220.11785 



TABLE E-ll (continued) 

SCOH-EVET BEN~DETTI-Kl,~R-LORDS MOD 1 VER 2 
EUHPLE 2. 3-D 7X7 BWR CLUS ERo NON-UNIFORM INLET VELOCITY, STEADY STATE 

... :HANNEL 41 CYCLE 0 Tl M!:T o. · 1 TER 0 DELTA TillE o10000E-02 POWER AVERAGE 12.000 KW/FT, 
I( u PRESSURE D~NSITY ENERGY TEMP QUAL 'lASS FLUX HEAT FLUll. 

FTIS:C PSI UM/f -3 BTUILBM DEG F LBM/FT2•SEC BTU/FT2,HR, 
1 7.156931!> 1048.513 47.19'>84 522.8000 550,5032 o. 337. 770't o. 
2 12.3771!>3 1048.513 2&.54'>17 568,0573 550.3681 3,9f>57012E-02 32&.5540 199604.4 
3 30. 7·~840 1047.357 10.66"'89 646.5327 550,2330 .1792017 328.5540 368028.6 

"' 40.8~552 1C45 .040 R,033<i85 68~.0449 549.9616 .2550581 328.5540 199601to4 
5 40.8~552 1043.000 5.4001:78 731.5570 549.6903 .3309145 220.8390 o. 

•••CHANNEL 42 { YCL E 0 Tl MET o. ITER 0 DELTA TillE o1COOOE-02 POWER AVERAGE 12.000 KW/FT, 

X u PRESSURE DENS I iY ENERGY TEMP QUAL MASS FLUX HEAT FLUX 
FT/SEC PSI LBM/FT3 BTU/L8M DEG F l811/FT2*SEC BTU/FT2oHR, 

1 5,456904 10'o9,489 47,19526 522.8000 550.6383 c. 257,634'o o. 
2 l3o21321 1049,489 24.86557 571.7870 550.4823 4o6039721E-02 329.5540 247335.9 
3 33.23064 1(ilt8olH 9,887080 657.1048 550.3263 o1978056 328.5540 456035.4 
4, 'o4o22348 1045.358 7,429.;,02 703.3152 549.9990 .2803091 328.5540 247335.9 
.5 41t.22348 10'o3o000 4.971724 H9o 5257 549.6717 ,3628126 219.8670 o. 

N ***CHANNEL 49 CYCLE 0 TIMET o)' ITER 0 DELTA T IHE · o10000E-02 POWER AVE~ AGE 12.000 K·W/FT, 
-...! 

X u PRESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX w 
F T I SEC PSI L8M/FB BTU/LBII DEG F ' LBII/FT2*SEC BTU/FT2,HR, 

1 3.951631 1049.158 47.19;12 522.8000 550.5930 o. 186.4977 o. 
2 llo62718 1049,158 28.25741 564.9508 550.4437 3o398212ZE-02 328.5540 238657olt 
3 28.69763 1047,881 llo44·3B2 637.6762 550.2944 .1633761 328.55'o0 ltltOOH,2 

" 38o076llt 10~5.175 8.628368 677.0632 5't9.9776 .2337857 328.551t0 238657.1t 
5 38.07614 101t3,0CO 5o808H4 716.1t503 51t9. 6609 o30'ol953 221.18U o • 

. • 



TABLE E-II (continued) 

SCORE-EVET BENEDETTl-KISER-LORDS HOD 1 ¥ER 2 
EXAMPLE 2, 3-D 7X7 BW~ :LUSTER, NON-UNIFORM INLE VELOCITY• STEADY STATE 

FUEL ROD 1 l!EHPERATURE DISTRIBUTION I DEGREES F I wHICH IS IN CHANNELISI l• o. o. o. 
• • • • • • • • • • • •· • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s •••. ..•.••••••••••••.•.••••••••• 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL c.ocooc IN .09506 IN .15300 IN o21t263 IN. .25350 IN .26150 IN .2ano IN 

1 2288.'1 zoo9.r 166'1.5 1281t.2 906.6 628.9 56!>.2 
2 3752.1 32 37. 5 2610.1 189'1.7 1203.5 6'H. 5 57&.0 
3 230C.It 2Q2 1.3 1681.0 12'15.7 918.1 61t0olt 577.8 

FUEL ROD 2 TEMPERATURE DISTRIBUriON I DEGREES F I II~ICH IS IN CHANNEL lSI 2. o, o. o. 

• • • • • • • • • • • • • ,· • • • • • • • • • • R A 0 I A L p 0 s I T I 0 N s . ................................ 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEvtL o.ocooo IN .0'1506 IN .15300 IN o2't263 IN .25350 IN .26150 IN .28150 IN 

1 231t6,0 205'1 ... 1707.5 1309. a 918.5 631.3 566.6 
2 50'tltol 4511. ~ 3863.1· 3128.1, 2408.3 1878.8 1n~:~ 3 2362.5 2073.!3 1721.9 1323.1, 932.9 645.7 

N 
-.....J 
+:> 

FUEL ROO 3 TEMPERATURE DISTRlBUHON II)E.GREES F WHICH IS IH CHANNELISI 3, o, (), o, 
• • , • • • • • •. •·, • , • • • • • • • • • • R 1.. 0 I A L p 0 s 1 1i I 0 N s . •......••.•••.•..•..•...•....•. 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADIO ING. 
LEVEL o.ooooo IN o0'1506· IN • 15 300 IN o21t263 IN .25350 IN .26150 IN • 281.50 IN 

1 212 6 .1 1873.2 1565.(1 1215.~ 8 73.6 622.2 5b5. 5 
2 3lt55.8 2989.5 21t21.2 1777.~ lllt6.6 682.9 578ti 3 
3 2137.0 18e~t.l 1575.!:1 1226.E 664.7 633.1 576.3 

FUEL ROD It -EHPERATURE I)ISTRIBLITION I DEGREES F IIIHCH IS IN CHANNELISI "' o, o. o, 
• • • • • • • • • • • • • • • • • • • • • • • • R j, D I A li. , a s I l [ 0 N s . ......................... ~ ..... 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL c;.ocooc IN • 0'15 Ob IN •. 15 300 It. o21t263 ~~~ .25350 IN .26150 IN .28150 IN 

1 2318.5 2034.6 1666.5 1296.t. 912.5 630.1 566.4 
2 4981t.2 41t60.7 36j!2.7 3100.1 2392.0 1871.2 1753.8 
3 233Zolt l01t6.:5 1702.5 1310.6 '126.5 641t.1 580.1t 

FUH ROD 5 TEHPERATURF JISTRJBLITION IDEGREtS F lltHCH IS IN CHANNELl S I 5. o. o, o, 
• • • • • • • • • • • • • • • • • • •·• • • • • R • D I A l p G s I T I .J N s . •.•....••..•....•.•.••••.• •· •.•• 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL 9.00000 IN .0950b IN .15300 IHJ .21t263 IN .25350 IN .26150 IN .26150 IN 

1 2229.7 1'160.1 1631.5 12511.4 '891t. 7 626.5 5t:6.0 
2 3655.7 315 8.6 2552.7 1866. e.· 11 'lit. 2 699.7 586.2 
3 221t2.3 1'H2 .. 7 161tlt.l 1272.0 907.3 639.1 518.6 

HEAT TRANS 
MODE 

2 
2 
2 

HEAT TRANS 
HODE 

2 
9 

.2 

HEAT TRANS 
HODE 

2 
2 
2 

HEAT TRANS 
HODE 

2 
9 
2 

HEAT TRANS 
HOD'E 

2 
2 
2 



TABLE E-ll (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS HOD 1 VER 2 
EXAHPLE 2. 3-D 7):7 BWR CLUSTER, NON-UNlFORH INLET VELOCITY, STEADY STATE 

FUEL ROD 6 TEHPE~:ATURE DISTRIBUTION (DEGREES' F I WHICH IS IN CHANNELl SJ 6, o, (i, o, 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N S. , , , • , ••••• •. • • • • • • •, • • •• , •••• , , 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .09506 IN .15300 IN .24263 IN .25350 IN .26150 IN .2B150 IN HODE 

1 221C..9 1947.7 1622.0 1253.1 891.7 625.9 565.9 2 
2 3627.2 3134.5 25 34.0 1853.9 1187.4 697.3 586.8 2 
3 2227.3 1960.1 1634.4 1265.5 901to1 638.2 578.3 2 

FUEL ROD 7 TEMPERATURE DISTRIBUTION CDEGREES F WHICH IS IN CHANNEUSI 7. o. D. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N S • • • •, • • , • • • • • •, •, • • , •,,,, •, , , , , , 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.oooao IN .09506 IN .15 300 IN .21t263 IN .25350 IN .26150 IN .28150 IN HODE 

1 1933.7 1711.8 l41tlo4 1135.1 8 31t .q 611t.2 564.1t 2 
2 3094.0 2684.9 2186.2 1621.5 1068.1 661.1 569olt 2 

N 3 1937.3 1715.4 llt45.0 1138.7 838.6 617.8 568.1 2 
-.....! 
(J1 

FUEL ROD 8 TEHPERATURE·DISTRIBUTION (DEGREeS F '"'HICH IS IN CHANNEUSI q, o, o, o. 
• • • • • • • • • • • • • • • • • • • • i • • • R A D I A L p 0 s I T I 0 N S, • , , • • • , • • • •, • , •, , , , , , , , , • , , , , , , 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN .09506 IN .15 300 IN .24263 IN .25350 IN .26150 IN .28150 JN HODE 

1 2081.7 1836.0 1536.4 1197.2 864.8 620.4 565.2 2 
2 338~.8 2Cl33.7 2381.4 1756.0 1143.1 692.4 590.7 2 
3 2094.0 1848.3 1548.8 1209.6 8 77.1 632.7 577.6 2 

FUEL ROD 9 TEHPERAJURE DISTRIBUTION I DEGREES F WHICH IS IN CHANNEUSI 10. o. o, o. 
•••••••••••••••••••••••• R. A D I A L p 0 s I T I 0 N S, , •,, , • , • , , • • • • , , , , , , , , , , , , , , , , , 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.oocoo IN • 09506 PI .15300 IN .24263 IN .25350 IN .26150 IN .28150 IN HODE 

1 1918.9 1699.4 1431.9 1128.9 8 32 .o 613.6 564.4 z 
2 307Z. 3 2667.6 2171t.3 1615.7 1068.2 665.6 574.9 2 
3 1929.5 1709 .o 1441.4 1138.5 841.5 623.2 573.9 2 

FUEL ROD 10 TEHPEUTURE DISTRIBUTION CCEGREES F WHICH IS IN CHANNEUSI 11• o. o. o. 
• • • • • • • • • • • • • • • • • • • • • • • 'R A D I A L p 0 S .I T I 0 N S, , , , , , , , , •, , , , , , , , , , , , , , , , , , , , , , 

AXIAL FUEl FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.coooc IN .09506 w .15300 IN .24263 IN .25350 IN .26150 IN .28150 IN HODE 

l 2229.7 1960.1 1631., 1259.4 894.7 626.5 566.0 2 
2 4750.2 4253.1 3647.2 2961.1 2288.7 1794.2 1682.6 9 
3 2243.8 1974.2 lb45.6 1273.5 908.8 b40.6 58D.1 3 



TPBLE E-ll (continued) 

SCORE-EVET BENEDETTr-KISER-LORDS HOD 1 VER 2 
EXAMPLE 2• 3-D 7X7 BWR ClUSTER, NON-UNIFORM INLET VELOCITY, STEADY STATE 

FUEL ROD 11 TEMPERATURE DISTRIBUliDN I DEGREES F • ~HICH IS IN CHANNEL lSI 12. D. D• o, 
• • • • • • • • • • • ·• • • • • • • • • • • • • R A D t f. L p 0 s I T I 0 H s I I I I I I I I I t I I I I I I I I I I I I I I I I I I I I I I 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL o.ooooo IN .09506 IN .;15300 IN o21t·263 IN .25350 IN .26150 IN .28150 IN 

1 2052.1 1811.< 1517.1t ll81t.8 858,9 619.1 565.1 
2 3329.8 2665.~ 231tlt.O 1730.7 1129.7 b87o7 588.0 
3 2061t.O 1823oC• 1529.3 1196.7 8 70.7 b3l,O 576.9 

FUEL ROD 12 TEMPERATURE DISTRIBUliO"' I DEGREES F .I WHICH IS IN CHANNEL C S I 13. o. o, o. 

AXIAL 
LEVEL 

1 
2 
3 

••••••••••••·••••••••••••R 
FUEL FUEL 

Q,OCOOO IN .09506 IN 

2081.7 
3386.8 
2094.0 

l836.Co. 
2933. ;-
1848,3; 

A D l A L 
FUEL 
,15300 JN 

1536o't 
2381.4 
~548,8 

FUEL ROD 13 TEMPERATURE liSTRIBUiiON COEGREES F 

AXIAL 
LEVEL 

1 
2 
3 

• • • • • • • • • • • ., • • • • • • •. • • • • R FUEL FUEL 
0,00000 IN .09506 IN 

1948.5 
31Zlo2 
1955.9 

:.72tt.;: 
270 7 ... 
1731 ... 

A D I A L 
FUEL 
ol5300 IN 

l't50o'l 
2203.7 
11t58o3 

P 0 S I T I 0 
FUEL 
.24263 IN 

·1197. 2 
175·6.0 
1209.6 

N S•••••••••••••••••••••••••••••••• 
FUEL CLADDING CLADDING 
.25350 IN .26150 IN .28150 IN 

86'to8 
1143.1 

877.1 

i>ZO,It 
692o't 
632.7 

565.2 
5qo,7 
577.6 

WHICH IS [N 

P 0 S I T I 
FUEL 
o2't263 IN 

CHANNELCSl lit, 0• o, Q, 

uu. 3 
1633.0 
ll't8. 7 

0 N Se••••••••••••••••••••••••••••••• 
FUEL CLADDING CLADDING 
.25350 IN .26150 IN .2~150 IN 

837 ,q 
1073,6 

81t5,4 
614.8 
662.2 
622.3 

561t.5 
569.5 
572.0 

FUEL ROD lit TEMPERATURE JIS1RIBU-ION CDEGREES F ~ liltHCH IS IN CHANNEl ( S I. 17.• o. o. 

AXIAL 
LEVEL 

1· 
2 
3 

2066.9 
335e.3 
207'f.O 

1823.6 
Z909ob 
1835."' 

A D I A L 
FUEL 
.e153DO IN 

1526.9 
2362.-7 
15 39. 0 

FUEL ROD 15 TEMPERATURE ~I$TRIBUTION (DeGREES F 

AXIAL 
LEVEL 

1 
2 
3 

......................... R. 
FUEL FUEL 

OoCOOOO IN ~Q9506 1~ 

1933.7 l711.g 
3101.0 2691.~ 
191t3.5 l721.7 

A D I A L 
FUEL. 
.15300 IN 

lit 'tlo't 
2193.3 
1451.2 

P 0 .S I T I 0 
FUEL 
,21t263 IN 

ll9lo01 

171t3.4 
1203.1 

N S•••••••••••••••••••••••••••••••• 
FUEL CLADDING CLADDING 
,25350 IN .26150 IN .28150 IN 

861.8 
1136 .It 

873,9 
619.7 
690.0 
b31.8 

565.2 
589.4 
577.3 

i liHJCH IS :IN 

POSITI 
FUEL 
o2't263 IN 

CHANNEll SJ 18, o, Q, o, 

1135.1 
1628.6 
l1't'to9 

0 N S••••••••••••••••••••••·•••••••••• 
FUEL CL6DDING CLADDING 
o25350 IN ·e261!>0 IN .28150 IN 

835.0 
1075,2 

84'to8 

6llt. 2 
668.2 
6Z'tol 

561t.lt 
576,4 
571t.3 

HEAT TRANS 
HODE 

2 
2 
2 

HEAT TRANS 
HODE 

2 
z 
2 

HEAT TRANS 
HODE 

2 
2 
2 

HEAT TRANS 
HODE 

2 
2 
2 

HEAT TRANS 
HODE 

z 
2 
2 



TABLE E-ll (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS HOD 1 ~ER 2 
EXAMPLE 2, 3-D 7X7 BWR CLUSTER• NON-UNIFORM INLET VELOCITY•. STEADY STATE 

FUEL ROD 16 TEMPERATURE DISTRIBUTION IDEGREtS F I WHICH IS IN CHANNEL ISI 19, o. o. o. 

• • • • • • • • • • • • • • • • • • • • • • • 'R A D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL o.oocoo IN .09506 IN .15300 IN .24263 IN .25350 IN .26150 IN .28150 IN 

HEAT TRANS 
110DE . 

1 1874.5 1662.1 1403.3 1110.2 823.0 611.8 561t.1 2 
2 29e6.1 2594.6 2117.4 1577.0 1047.4 657.9 5 70.1 2 
3 1883.2 1670.9 1412.1 1119.0 8 31.7 620.5 572.9 2 

FUEL ROD 17 TEHPERA'TURE DISTRIBUTION I )EGREES F wHICH IS IN CHANNEll Sl zo. o. o. o. 

• • • • • • • • • • • ;, • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s •••••••• ; ••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING · HEAT TRANS 
LEVEL o.ooooo IN .09506 IN .15 300 IN .24263 IN .25350 IN .26150 IN .28150 IN 110DE 

1 1859.7 1649.7 1393.8 1104.0 820.0 611.1 564.0 
2 2957.7 2570.6 2098.8 1564.4 1040.8 655.7 568.8 

2 
2 

N 3 1868.1 1658.2 1402.3 1112.5 828.4 619.6 572.5 2 
......... 
......... 

FUH ROD 18 TEMPERATURE DISTRI BUT! ON I DEGREES F WHICH IS IN CHANNELISI 21· o, o. o. 

• • • • • • • • • • • • • • • • • • • • • • • • R A D 1 A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEL FUEL "FUEL CLADDING CLADDING 
LEVEL o.ooooo IN .09506 IN .15300 IN .24263 IN .25350 IN .26150 IN .28150 Ilf 

HEAT TRANS 
110DE 

1 2111.3 1860.8 1555,5 1209.7 8 70.8 621.6 565,4 2 
2 3427.2 2965.3 2402.3 176 4. 7 1139,9 6B0.4 576.8 2 
3 2121.9 1871.4 1566.1 1220.3 881.4 632.2 576.0 2 

FUEL ROD 19 TEMPERATURE DISTRIBUTION II!IEGREES F WHICH IS IN CHANNEl lSI 25. o, o. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL o.ooooo IN ,()9506 IN o153iJO IN .24263 IN .25350 IN .261~0 IN .28150 [N 1100E 

1 18 30.1 1624.9 '1374. 8 1091.6 814.0 609.9 563.9 2 
2 2903.2 2524.9 2C63,8 1541.6 1029.8 653.5 568,6 2 
3 1837.9 1632.7 1382.6 1~99.4 821.9 617.7 571.7 2 

FUEL ROD 20 TEMPERATURE DISTRIBUTION I DEGREES F WHICH IS IN CHANNELISI 26. o. o. o. 

••••••••••••••••••••••••R A D I A L p 0 s I T I 0 N F5et·········ctiooiNG·····~tAooiNG AXIAL FUEL FUEL FUEL FUEL HEAT TRANS 
LEVEL o.ooooo IN .09506 IN .15300 IN .24263 IN .25350 IN .26150 IN .28150 IN 110DE 

1 1859.7 1649.7 1393.8 llClt,O 8ZO.o 611.1 564.0 2 
2 2957.7 2570.6 2098.8 1564.4 101t0.8 655.7 568.8 2 
3 1868.1 1658.2 1402.3 1112.5 828.1t 619.6 572.5 2 



N 
-.J 
co 

-AELE E-li (continued) 

Sr.ORE-EVET BENEDETT:-KISER-LORDS MOD l VER 2 
EXAMPLE 2, 3-D 7X7 BWR E~USTER• NON-UNI=ORM INLET VELOCITY, STEADY STATE 

FUEL 

FUEL 

FUEL 

FUEL 

ROD 21 

AXIAL 
LEVEL 

1 
2 
3 

ROD 22 

AXIAL 
LEVEL 

1 
2 
3 

ROD 23 

AXIAL 
LEVEL 

1 
2 
3 

ROD Zit 

AXIAL 
LEVEL 

1 
2 
3 

TEMPERATURE DISTRIBUTION ICtGRHS F 

•••••••••••~••••••••••••R A D I A L 
fUEL FUEL FUEL 

o.ooooo IN .0950b IN .15300 IN 

185~.7 l61t9.7 1393.8 
2957.7 2570.t. 2098.8 
1668.1 lb58.2 1402.3 

TEMPBATURF. DISTRIBUTlON I DEGREES F 

• • • • • • • • • • • • • • • • • • • • • • • • R A. D I A L 
FUEL FUEL FUEL o.ooooo IN .0950b IN .15 300 IN. 

2037.3 L798,7 1507.9 
3284.7 .~84-4.8 2308.7 
2046.5 1606.0 1517.2 

TEMPERATURE !'>ISTRIBIJTION IDEGREf.S F 

• • • • • • • • • • •· • • • • • • • • • • • • • R t D I A L 
F.UH 
.15300 IN 

FUEL FUEL 
0.00000 IN' ,09506 IN 

TEMPEHTURE JISTRIBUTION 

1327.2 
197b.3 
1333.5 

I DEGREES F 

• • • • • • • • • • •,. • • • • • • • • • • • • R "' D I A L 
FUEL FUEL FUEL 

•).00000 IN .0950b IN .15 300 Itt 

1859.7 1b't 9. 7 1393,8 
2957.7 257o.o 2098.8 
l8b8.1 1b58o2 ~4C2.3 

FUEL ROD 25 TEMPERATURE DI~TRIBUTION (DEGREES F 

AXIAL 
LEVEL 

1 
2 
3 

• • • • • • • • • • ·• • • • • • • • • • • • • • R FUEL FUEL 
0.00000 IN .09506 IN 

20b6.9 
3341.2 
207f:.7 

18Z3.b 
2892.5 
1833.1t 

!I D I A. l 
FUEL 
.l531JO I,t, 

1526.9 
231t5ob 
~53b.7 

I WHICH IS IN CHANNELISI 27. o, c. o. 
p 0 s I T I 0 N s •••••••••••••••••••••••••• ~ ••••• 

FUEL FUEL CLADDING CLADDING 
.21t2b3 IN .25350 IN .2b150 l N .28150 IN 

1104.0 e2c.o 611.1 564.0 
l5b4.4 1040.8 655.7 568.8 
1112.5 82!'.4 b19.6 5 7Z. 5 

WHICH IS IN CHANNELISI 28, 9! o, o. 
p 0 s l T I 0 N s ••••••••••••••••••.•••••••••••••• 

FUEL FUEL CLADDING CLADDING 
o242b3 IN .25350 IN .26150 IN o2815C. If'! 
1178.6 655.9 616.5 5b5.0 
1701.5 1106.4 6t:·Bo 8 570.1 
1167.9 8b5.1 627.8 574.2 

WHICH IS IN CHANN~LISI 33• Q• o. o. 
P 0 S I li I 0 

FUEL N S • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • FUEL . ·cLADDING CLADDING 
,21t2b3 IN 

lObO.~· 
llt6 4 • L 
lObbol 

o25350 IN .26150 IN ,28150 IN 

799.1 
1002.1t 
~05.3 

606.8 
b48.0 
613.0 

5b3.4 
5b8.0 
569.7 

'-IHICH IS IN CHA~NELISI 34, o, Oo o, 
,, 0 s I i I 0 N S•••••••••••••••••••••••••••••••• FUEL FUEL . . CLADDING . CLADDING 

o242b3 IN o25350 IN .Zb150 IN .28150 IN 

llOit.O 820.0 b11.1 564.0 
15b4 ... 101t0.8 655.7 568.8 
1112!5 828.4 619.6 572.~ 

C HANNE L1 S I 35, wHIC!i IS I~ 

POSirio 
FUEL 

o. o, o. 

~2'!2b3 IN 

l191o:J 
1726.2 
1209,8 

N S•••••••••·~··••••••••••••••••••• 
FUEL " ClADDING CLADDING 
.25350 IN ;z6150 IN oZB150· IN 

861.8 b19.7 5b5.2 
1119.3 672.9 572.2 

871.6 b29.5 575.0 

HEAT TRANS 
II ODE 

2 z 2 

HEAT TRANS 
II ODE 

z 
2 
? 

HEAT TRANS 
II ODE 

2 
2 
2 

HEAT TRANS 
1190E 

2 
2 
2 

HEAT TRANS 
IIOC>E 

2 
2 
2 



N 
-....J 
1..0 

TABLE E-ll (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS MOD 1 VER 2 
EXAMPLE 2, 3-D 7)7 BWR CLUSTER, NON-U~iFORM INLET VELOCITY, STEADY STATE 

FUEL 

FUEL 

FUEL 

ROD 26 

AXIAL 
LEVEL 

1 
2 
3 

ROD 27 

AXIAL 
LEVEL 

1 
2 
3 

ROD 28 

AXIAL 
LEVEL 

1 
2 
3 

TEMPERATURE DISTRIBUTION ID::GREES F 

•••••••••••••••••••••••• R. 1\ D I A L 
FUEL FUEL ;:uEL 

0 .OOOC•O IN .095()6 IN .1530(, IN 

19lf .• 9 1699.4 1431.9 
307<'.3 2667.6 2174.3 
l'~2e,.5 1709.0 1441.4 

TEMPE ~:A TURE DISTRIBUTION I DEGREES F 

•••••••••••••••••••••••• R. A D I A ,_ 
FUEL FUEL fUEL o.ooooo IN .09506 IN .15300 IN 

224'.5 1972.5 1641o0 
368'.2 3182.7 2571.5 
2257.3 1985.4 lf-53.8 

TEMPEUTURE DISTRIBUTION IDi:GREt:S f 

• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L 
FUEL 
.15300 IN 

FUEL FUEL 
OoOOODO IN .09506 IN 

1922.9 
30 73. 3 
1932.4 

1603.0 
2483.5 
1612.5 

l WHICH IS IN CHANNELl S l 41, o. o, o, 
p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

FUEL FUEL CLADDING CLADDING 
.24263 IN .25350 IN .26150 IN .2B150 IN 

1128.9 B32.0 613.6 564.1t 
1615.7 1068.2 665o6 574.9 
1138.5 841.5 623.2 573.9 

WHICH IS IN CHANNEl IS l 42, o, o, o, 
p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

FUEL FUEL CLADDING CLADDING 
.24263 IN .Z5350 IN .26150 IN .2815C IN 
1265o6 897.6 621 ol 566.1 
1879.3 1200.9 702.0 589.5 
1278.4 910.5 639.9 578.9 

Wl'ii C H IS IN CHANNEl lSI 49, o, o, o. 
p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

FUEL fUEL CLADDING CLADDING 
.24263 IN .25350 IN .26150 IN .28150 IN 

1240.7 885.7 624o6 565.7 
1815.6 1161.0 679.6 5 71.1 
1250.3 895.2 b31t.2 575.3 

HEAT TRANS 
MODE 

2 
2 
2 

HEAT TRANS 
MODE 

2 
2 
2 

HEAT TRANS 
MOOt: 

2 
2 
2 

' 



TABLE E-ll (continued) 

SCORE-EVET BENEDETTl-KISER-_ORDS MOD 1 VER 2 
EXAMPLE 2, ~-D 7X7 BliP CLUSTER, NON-UNIFORM INU::T VELOCITY, STEADY STAT_E 

+++CHANNEL 6 CYCLE :.OO.i fi11Ei loOOQO ITER ,. l;lEL TA TIME ,10000E-02 POIIE~ AVERAGE 12 .ooo KW IFJ', 
X u PRES:liURi: DE.rl5ITY ENE.RGY TEHP QUAL MASS FLUX HEAT FLUX 

FT/SEC PSI LBM/FT3 BTLI/LBH DEG F LBMIFT2+SEC BTI,J/FT2,HR, 
1 5.45~904 1047 .. 481 47.19440 52<:.60Uu 550. 367't o. 257.6297 o. 
2 12.76529 1047.46l 21.37673 560,6116 550.2477 t:,2295867E-02 273.3076 242996.6 
3 31.64907 1046 .• 458 8o!l493ll 67; ,(:011 550.1280 .2334366 273.7427 . 44'8031.. 6 
4 41.119417 1044.446 6~!l470'o9 72~.2395 549,8922 o3l93363 278.4726 2'o2996,6 
5 41,8'H17 1043.000 4.64,1.788 7Bo 4778 549,6564 .4052357 194.5896 o. 

+++CHANNEL 7 CYCLE lCJOO Tl ~ET 1~000:l ITER 2 DELTA TIME ,10000E-02 POWER AVERAGE 12.000 K~IFT, 

X u PRES:)URE Dt!:!SITY EN~RGY HHP OUAL MASS fLUX HEAT FLUX 
FTISEC PSI LeH/FT3 BTUILBH DEG F LBH/FTZ+SEC BTU I FT Z, HR, 

1 3o95163l 1047.481 47.1944') 5n. 80oo 550.3674 o. l86o4-q49 o. 
2 llo65049 1il47,481 21.45794 580,4231 550,2477 6o1854982E-02 249.~56 20H74o0 3 28.60035 104f:,456 9,544151 66:.8043 550.1280 .2064765 272.9660 372026.9 4 37o61730 l04'to446 7.432625 70:.,9652 549,6922 .2798801 281.0818 Z0177'toCI 5 37.81730 10.1t~.ooo 5o 321100 1't'tol661 549,6564 .3532838 201.2296 o. 

N +++CHANNEL 9 CYCLE lJOO TIHEr 1,0000 ITER 2 DELTA TIME .10000E-02 POWER AVERAGE 12.000 K~/FT_. 00 
0 X u PRES5URE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX FT/SEC PSI LG'I/FT3 BTlJ/LBM OEG F LBM/FT2+SEC BTU/FT2.HR, 1 7o156936 1041.481 47.19440 52;!,1!000 550.3674 o. 337.7673 o. 2 13.20067 10ltl.481 24,17'tlt7 5Ho0752 55Cio2477 4,8615045E-02 319.1193 223470.1 3 33.21561 104f.;, 458 9.299259 6b:~ob726 550.1260 .2133391 308.8824 412032.0 4 44.26517 104~.446 6.673040 713,3162 549,8922 .3070616 304.2363 223470.1 5 44.26517 lt'4!-.00Q 4o'o't6~21 7N,9599 549.6564 ,40C781tl 196,1!393 o. 

. ++.CHANNEL lO CYCLE :).OQO TlMET J.OOOO ITER 2 DELTA TIME ,lCOOOE-02 POWER AVERAGE 12.000 KIUFT, 
X u PRE5SURE DENSITY EN:RGY TEMP QUAL MASS FLUX HEAT FLUX FT/SEC PSI tBM/f'T3 BT•JILBM DEG F LBM/FT2+SEC BTU/FTZ.HR o 1 7.4187•)7 104i',481 47o1944u 52~.8000 550.3674 o. 350.)214 o. 2 12.60808 1047.4.81 26.35813 563.2668 550.2477 .,,021!1725E-02 332d254 199604 ... 3 32.05474 1046.456 10.2C829 6)~.2479 550.1280 .1895227 327.~241 368026.6 4 42.85809 104'· 446 7o'tbl779 70~.2495 549,8922 • 27f,5757 319.1976 199604olt 5 42.85809 1C43,.000 4.115265 7)~.2511 549,6564 .3676288 202.(673 o. 

++•CHANNEL ll CYCLE 1000 Tl"MET •1o 0000 ITER 2 DELTA TIME .lOOOOE-02 POWER AVERAGE 12.000 KW/FT, 
X u PRESSURE DENSITY EN RGY TEMP ·QUAL MASS FLUX HEAT FLUX FTISEC PSI LBf1/FT3 BT /LBM OEG F LBM/FT2+SEC BTU/FT2oHR, 
1 7.4444·~7 104:'.481 it7o191t40 52 • 8ooo 550.3674 o. 351.!.371 o • 
2 13.14334 104;',481 2.'to 26817 57 • 8511 550.2477 4,641731t8E-02 318.'?649 2it5166.3 
3 32.998·~1 l&·t~:t~~ 9.226370 66 .8636 550.1260 .2154520 304o'-573 452035.1 4 43.87554 6~944709 71 .2148 5't9o 8922 .3033357 304, i'028 2tt5166o3 
5 43.87554 1o~o~.ooo ~t·.6630it8 76 .5660 549,656'4 ·3912195 204.~·931 o. 



TABLE E-ll (continued) 

SiORE-EVET B:NEDETTI-KI~ER-LORDS HOD 1 VER 2 . 
UIIPLE z, 3-D 7~7 BWR CLUS ER, NON-U~IFORII INLET VEL OC IT Y, STEADY STATE 

•••CHANNEl 12 C YC L: 1000 TI liE T 1.0000 ITER 2 DELTA TillE o10000E-02 POWER AVERAGE 12.000 KW/FT. 
X u PR:SSURE DENSITY ENERGY TEIIP QUAL IIASS FLUX HEAT FLUX FT/SEC PSI LBH/FT3 BTUILBH DEG F LBII/FT2•SEC BTU/FT2oHR. 1 7.411H07 10't7.481 47o1fi440 522.8000 550.36H o. 350.1214 o. 2 12.81013 10't7.481 25.4'267 570.1821 550.21t77 4o368i18~6E-02 325 .• 9239 219130.9 3 32.35386 10't6.458 9.HQ088 658.4222 550.1280 • 2001ft163 316.0677 404031.4 4 43.112'18 1044.446 7.26<511 707.3'15'1 54'1.8'122 .2871002 313.1085 219130.9 5 43.11298 1043.000 lt.75~933 756.3697 549.6564 • 3 7492'tl 205.0425 o. 

.. *CHANNEL 13 CYCLE 1000 TI HET 1.0000 ITER 2 DELTA TillE .10000E-02 POWER AVERAGE 12.000 KW /F T • 
X u PRESSURE DENS J TY ENERGY TEIIP QUAL IIASS FLUX HEAT FLUX FT/SEC PSI LBH/FT3 BTU/LBH DEG F L811/FT2•SEC 8TU/FT2 • HR • 1 7.156936 1047.481 it7o1<:14it0 522 .8ooo 550.3674 o. 337.7673 o. 2 12.80386 1047.481 24.76047 571.7\116 550.2~77 4o6371306E-02 317.0296 22H70.1 3 32.22131 1046.458 9.6029H 660.9046 550.1280 .2048803 30'1.4204 412032.0 4 42.84757 10o44.446 7. 2H055 708.3146 549.8922 .2893289 309.7046 223470.1 5 42.3lt757 10o43o000 lt.&53136 755.7246 549.6564 .3737776 207.9451 o. 

N •••CHANNEL 14 CYCLE 1000 TIMET 1.CiOOO ITER 2 DELTA TillE .10000E-02 POWER AVERAGE 12.000 KW/FT. 
co 

X u PRESSURE DENSITY ENERGY TEIIP QUAL HASS FLUX HEAT FLUX 
_. 

FT/SEC PSI L8H/fT3 BTU/LBH D EG F LBH/FT2•SEC 8TU/FT2oHR. 1 5.458904 10o47.481 47.1Q440 522.8000 550.36H o. 257.6297 o. 2 11.82753 10o4 7. 481 23.8<:721 573.9211 550.21t77 5.0316230E-02 261.8171 203943.6 3 29.72149 10-46.458 9.856181 657.1541 550.1280 .1982266 292.9403 376029.2 4 H.48508 10-44.446 7.501400 701.1097 549.8922 .2765549 296.4302 203943.6 5 39.48508 1043.000 5.158619 745.0653 549.6564 .3548832 203.6885 o. 
... CHANNEL 17 C YC L'E 1000 T lo'~E T loQOOO ITER 2 DELTA TIHE .10GOOE-02 POWER AVERAGE 12.000 KWIFT. 

X u PR·ESSURE DENSITY ENERGY TEMP QUAL MASS FLUX HEAT FLUX FT/SEC PSI LBM/fT3 BTuiLBH DEG F LBH/FT2•SEC 8TU/FT2oHRo 1 7.6o5162 10·4 7. 481 47.1<i440 522.8000 550.3674 o. 361.7527 o. 2 12.45865 10-47.481 26.6::.375 567.7555 550.2477 3.937lt363E-02 331.5713 221300.5 3 31.-!>1926 1046.458 10.2'tl40 651.8039 550.1280 .1887350 323.8256 408031.7 4 lt2.19220 1Cl'lt4 .446 7.64:294 697o8it31 549.8922 .2707633 322.4030 221300.5 5 42.19220 1043.000 s.o4:H4 743.&823 549.6564 .3527916 212.6986 o. 
... C.HANNE L 18 CYCLE 1000 TIMET 1.0000 ITER 2 DELTA TIHE o10000E-,02 POWER AIIERAGE 12.000 KW /FT. 

X u PRESSURE ·)ENS:TY tNERGY TEIIP QUAL MASS FLUX HEAT FLUX FT/SEC PSI LBH/FT3 BTU/LBH DEG F L8H/FT2•SEC BTU/FT2.HR. 1 7.6~0921 1047.481 47.1'1440 522.8000 550.3674 o. 362.9684 o. 2 12.13038 1047.481 27.8::0144 565.3764 550.2477 3.5152385E-02 338.0913 201774.0 3 30.~!>244 1046.lt5B 10.78058 641t.9577 550.1280 .1765892 333.6851 372028.9 4 41.34682 1044.1t46 7.998233 6t·9.6692 549.8922 .2562712 330.7175 2011Ho0. 5 41.34882 1043.000 5.2H89l 734.3807 549.6564 .3359531 215.6709 o. 



TABLE E-ll (continued) 

SCORE-EVET BENEDET"I-~ISE~-LORDS MOO 1 \'ER 2 
EXAI'IPLE 21 3-D 1X1 BWR CLJSTER, NON-U~ IF OR 11 1 N. E T VEL OC IT Y, STEADY STATE 

***CHANNEL 1'1 C 'I'CLE 1000 Tl HET 1oUODO IHR 2 DELTA TIME olOOOOE-02 POlo'ER AVERAGE 12.000 KW/FT, 
X u PRE~ SURE DENSITY E,..ERGY TEI'IP QUAL !lASS FLUX HEAT FLUX 

FT/SEC PSI LBMH T3 BTU ILiiM DEG F L81'1/FT2*SEC 8TU/FT2.HR, 
1 7.665162 1047.481 47.10440 5;!2.8000 550.367't o. 361.7527 o. 
2 11.88077 1047.461 28.77014 51)4 ol453 550.2417 3.29675:.9E-02 3H.6924 193095.5 
3 30.46113 1046,458 11. 1 .. 231 6•0.7352 550,128C .1690'1112 339.4093 356027.6 
4 4D,73'117 104<.4o46 8.248341 66 4. 36 3 3 549,8922 .2o4686l9 336.0306 193095.5 
5 40,73'H 1 1l''3. :)()0 ~.35't309 7l7o9H3 549,6564 .3246296 218.1301 o • 

***CHANNEL 20 CYCLE 1000 TIMET 1.0000 ITER 2 DELTA TIME • lOOOOE-02 POIIIER AVERAGE 12.000 KW/fT, 
X u PRE5SLJRE DENS :TY E~E li"GY TEI'IP QUAL IUSS FLUX HEAT FLUX 

FT/SEG: PSI LBM/FT3 tHU~ LBM DEG F L8MIFT2*SEC BTU/FT2 ,HR, 
1 7.418707 10~.7.481 47.19440 ;?z.sooo 550.3674 .o. 350.1214 o. 
2 11.98<>70 10L7.481 27.7<>385 !>~5.5715 550.2477 3.51t98t:05E-02 332.H69 190925.9 
3 3(;, 64985 10~b.458 10.8;!659 ~~3.6914 550.1280 .11434?6 333.6723 352027.3 4 40.961)62 1044,446 8,06o622 6~8 .1857 549,8922 .2~·364)<;· 330.4139 190925.9 
5 40,96oJ62 1043.000. 5.Zit<>657 B2ob799 51t9,656lt oB29BZ 211!.9063 o. 

N •••CHANNEL 21 CYCLE 1000 TIMET 1.0000 ITER 
co 

2 DELTA TIME o1000lE-02 PO~'ER AVERAGE 12.000 KW/Fh 
N X u PRESSURE DENSITY E-.ERGY TEMP QUAL MAS~ FLUX HEAT FLUX FT/SE•: PS: LBM/ :T3 nu;LBI'I D EG F LBMIFT2*SEC BTU/FT2oHR, 

1 5o73lll8 1D .. 7.1o81 47o1'H40 522.8000 550.3674 o. 270.4767 o. 
2 11.96H7 10H,Io81 23.53275 5.1lt.6580 550.2't77 5.16238o7E-02 281.5813 227809.4 
3 30.0B76 1Dlt6.458 9,525021 662.0994 550.1280 .206·~9iN 286,5008 420032.6 4 39,92397 10o,.lt,t,46 7.3ll579 706.1026 549,8922 .2854012 291.9073 227809olt 
5 39,923'H 10-.3,COu 5.093137 750.1059 51t9,656lt o363Hit5 203.5319 o. 

•••CHANNEL 25 CYCLE 1CCO Tl MET 1.0000 ITER 2 DELTA TIME o10DO:IE-02 POWER AVERAGE 1Zo000 KW'/FT, 
X u PRES SL R E DENSITY ENEaGY TEHP QUAL HAS$ FLUX HEAT FLUX 

FT /SE: P~l L81'./i'T3 8-TLJ!LBI'I OEG F LBMiFT2*SEC 8TU/FT2oHR. 
1 7o716681 1 .. 7.481 47. Hlt40 522 .• 8000 550,36H o. 364.181tl o. 
2 11,51!919 10 ... 7.~81 . 29. 51o831 562.5195 550.H71 3.008231rt7E-OZ 342.1t409 186586.7 
3 29.79904 10.:06.~58 11.58419 635,9365 550.1280 .1b058olt8 345.1978 344026.7 
4 39,87468 10.:.4.~46 8o59f>£52 677.4959 549.8922 o234b8Bl 342.7728 186586.7 
5 39,87468 1Q..;.3,C·OO 5 • bO 9 313 7.19.05 53 51t9o6561t .3087917 223.6297 o. 

***CHANNEL 26 CYCU:: 1000 TI HET 1.0000 ITER 2 DELTA TIME olOOOOE-02 POWER AVER·AGE 12.000 Kiii/FT, 
X u PR::SSURE DENSHY E!NE~GY TEHP QUAL !lASS FLUX. HEAT FLUX FT/SEC PS[ L8M/FT3 BTUfLBM DEG F L8M.'FTZ•SEC 8TU/FTZoHR, r 1 7.690921 1(1~7.~81 47.19440 522.8000 550.3674 o. 362.9684 o. 
2 11.52555 10~7.481 29. 2834 562.7131 5 50. 21t77 3o04258<8ZE-02 339.1777 190925.9 
3 29.62997 1ult6olt58 11.57484 636.0343 550.1280 .16075<83 342,9621 352027.3 4 39,63282 1C~4.'t46 8.64·3428 676.6073 549,8922 o2331L28 342.5635 190925.9 
5 39.632 82 10'o3,000 5. 71:2019 117.1803 5lt9,6561t • 305-\6<12 226.3831. o. 



TABLE E-ll (continued) 

SCORE-I.' VET 
EXAMPLE 2• 3-0 

BENEDETTI-KI~ER-LOROS MOO l VER 2 
7X7 8WR CLUS ER~ NON-UNiFORM INLET VELOCITY, STEADY STATE 

•••CHANNEL 27 CYCLE 1000 TIMET :.OOOil ITER 2 DELTA TIME .10000E-02 POWER AVERAGE 12.000 KW/FT. 
X u PRESSURE DENSI-Y ENERGY TEMP QUAL 11ASS FLUX HEAT FLUX FT/SEC PSI LBM/F-:-3 BTU/LBM DEG F L811/FT2*SEC 8 T U I FT 2 • HR • 1 7 ......... 67 101t7.1t81 lt7.l9<tlt0 !122.8000 550. 367'- o. 351.3371 o. 2 11.75274 101t7.1t81 28.28.?22 564. 61t52 55(;.2477 3. 385480lt-02 332. 393ft 190925.9 3 30.11909 101t6.45& ll.llt028 640.7588 550.1280 .1691'-00 335.5352 352027.3 ·4 40.25288 1044.446 8.305545 663.1946 549.8922 .2447919 334.3221 190925.9 . 5 4'0.25288 1043.000 5.47C6CI7 725.6304 5'-9.6565 .3201t438 220.2157 o • 

***CHANNEL 28 CYCLE 1000 TIMET L.oouo IH:R 2 DELTA TIHE .lOOOOE-02 POWER AVHAGE 12.ooo KW/FTo 
X u PRESSURE DENSITY ENERGY TEMP QUAL 11ASS FLUX HEAT FLUX FT /SEC PSI L8M/FD 8TU/L8M DEG F LBI1/FT2*SH 8TU/FT2oHR. 1 5.753397 1047,481 47.19;40 522.8000 550.3674 o. 271.5281 o. 2 u. 76589 1047.1t81 24.18~00 573.0404 550.2"77 4.8753180E-02 284.6052 216961.3 3 2<l. 72969 1046.458 9,811;35 657.8013 550.1280 .1993H8 291.6939 lt00031.1 

" 39.52124 1044.41t6 7.488't77 701.5808 549.8922 .2773Q02 295,9539 216961.3 5 39.52121t 1043.000 5.165H8 745.3603 51t9.6564 .3551t(;55 204. H37 o. 
N •••CHANNEL 
00 

33 CYCLf 1090 TIMET 1.00u0 ITER 2 DELTA Tl11E o10000E-02 POIIER AVERAGE lZ.OOCi Kloi/FT. 
w X u PRESSURE DENS HY ENERGY TEMP QUAL 11ASS FLUX HEAT FLUX FT/SEC PSI L8M/FT3 BTU/LBM DEG F L8M/FT2*SEC BTU/ FT2 • HR • 1 7.665162 101t7,481 47.191t40 522.8000 550.3674 o. 361.7527 o. 2 llo32256 1047.481 3C. 30132 561.3394 550.2477 2.7988166E-02 343.0885 175738.6 3 2<loZ6814 1046.1t58 12.001!>10 b31.6ll37 550.1280 .1530400 351.3962 321t025.2 It 3<l.2231t4 1044,1t46 8.883847 672.2253 549.8922 .2253435 348,4550 175738.6 5 39.22344 101t3.000 5.761595 7l2o766l! 51t<lo6565 .2976HO 225.9696 o. 

... CHANNEL H CYCLE lOCO TIMET 1.0000 ITER 2 DELTA TIME e10000E-02 POWER AVERAGE 12.000 KW/FT. 
- X u PRE~ SURE DENS lTY EN.:RGY TEMP QUAL IIASS FLUX HEAT FLUX FT/SEC PSI L8M/FT3 BTU/LBII DEG F LBII/FT2*SEC BTU/FT2.HR, 1 7.418707 1047.481 47.19-440 522.8000 550.367'- o. 350.1214 o. 2 llod0075 1047.4&1 28.llo296 56ft.8907 550.2477 3.1t290456E-02 332.1081 190925.9 3 30.24657 1046,458 11· 08200 t41o 4207 550 •. 1280 .1703143 335.1923 352027.3 4 40.1t3203 1044.446 e .Z44q·34 684.4331t 549.8922 .2469882 333.3594 190925.9 5 ftO.ft3203 1043.000 ~ .40787l 727oltlt61 51t9.6565 .3236622 218.6512 o. 
.. *CHANNEL 35 CYCLE 1000 TIIIET 1.01)(;0 ITER 2 DELTA TIHE ·10000E-02 POWER AVERAGE 12.000 KW/FT • 

X u PRESSURE DENSITY ENERGY TEHP QUAL 11ASS FLUX HEAT FLUX FTISEC PSI L811/FT3 BTU/LB11 DEG F LBM/FT2*SEC BTUIFT2.HR. 1 5.731118 1047.481 47.194ft0 522.8000 550.36H o. 270.It767 o. 2 11.97105 l047,1t81 23.69584 574.2it76 550.2477 5.0895612E-02 263.661t0 221300.5 3 30o1blt52 1C46.45S 9.~77806 661.2882 550.1280 .2055608 288.9099 408031.7 It 40.08846 1044.446 7.295919 706.5135 5lt9.8922 .2861356 292,4822 221300.5 5 40o0881t6 1043.000 5.0llt033 751.7388 H9.6561t .3667105 201.001t9 o. 



T~.BLE E-li (continued) 

SCORE-EVET BENEOETT:-KISER-LORDS MOO 1 VER 2 
EXAMPLE 2, 3-D 7X7 BWR HUSTER, NON-UNIFURH IN L ET YE L OC IT Y, STEADY STATE 

•••CHANNEL 41 CYCLE lOOC. liiiET 1.000~ ITER 2 DELTA TIHE .10000E-.l2 POWER AVERAGE i2.ooo Kli/fTo 

X u PRES:OURE DENSITY ENERGY TEMP QUAL HASS FLUX fiEAT fLUX 
FT/SEC PSI LBH/FT3 UIJJLBH DEG F LBH/FT2•SEC BTU/FT2.HR. 

1 7.156936 1047.481 lt7.191t40 ~·22 .• 8ooo 550. 3671t o •. 337. 1t.73 o. 
2 12.37227 101t7 .• ·1t81 26.15451 !-6B .. 6812 ~50.21t17 lt.10172C6E-02 323.5906 199604•4 
3 3lolt3171 101,6 .• 458 10.23827 e.51,81t58 550.1280 .1888092 321.8064 368028.6 
4 ltl.92543 1044.·446 7.611491 f·9B .. 5603 549.8922 • 27203't8 319.1150 199604o4 
5 41.92543 1043 ,'()00 4.984710 :"45.271t7 549o6561t .3552603 208.9e61 o. 

•••CHANNEL 42 CYCLE LOCO liiiET 1. OOGO ITeR 2 DELTA TIHE o1000DE-02 POWER AVERAGE 12.000 Kli/FT. 

X u PRES:);URE DENSITY LNERGY TEHP QUAL HASS FLUX HEAT FLUX 
FT /SEC PSI LBM/FT3 I:TUJLBH DEG F LBH/FT2•SEC BTU I fT 2, HR , 

1 5.4589()1t 1047.481 47.191t40 522.8000 ~50. 3671t o. 257.6297 o. 
2 12.8.;)355 l:Oit7.1tB1 21.29031 ~Bu.93!1u 550.21t17 6o276861t7E-02 272.5916 2H335.9 
3 31.71330 101t6.458 8.578307 1178. 3ltZ7 550.1280 .2358169 272.0461, 456035.4 

" 41.96709 1044.446 6o60it507 :'26 .• 5957 51t9.8922 .3217it09 217.1719 2it7335o9 
5 ltlo96709 1043.000 lto630708 :"71t.61t87 5lt9o6561t olt076649 19lto3373 o. 

N •••CHANNEL 49 CYCLE 1000 liHET 1. 00(10 ITER 2 DELTA TillE o10000E-02 POWER AVERAGE 12.000 Kii IF T, co 
~ X u PliES iURE DENSITY ENEIRGY TEIIP QUAL PlASS FLUX HEAT FLUX 

F TIS EC P~l L811/FT3 ITlJl/Lilll [)EG F LBH/FT2•SEC BTU/FT2oHRo 
1 3.951631 1.47.it81 't7o19440 li22o8000 550.3674 o. 186.4949 o. 
2 12.61030 1047.481 18.94208 !i89o1081 55u.Z477 1. 7267627E-02 242.6538 238657olt 
3 30.90<H3 1046 •. lt5 8 8.245677 o:84,9353 550.1280 .21t75128 254.8667 4400 3lt. 2 

" 40.77220 l041t •. 446 6o't13664 "'32.9013 54'1.8922 • 3329205 261.4992 238657.4 
5 ltC..77220 1043.000 'to~8l652 "'80.8673 51t9.6561t oltl83283 186.801t0 o. 



TABLE E-II (continued) 

SCORE-EVET 3ENEDETTI-KISER-LORDS "OD 1 ¥ER 2 
EXA"PLE 2• 3-D lX7 BWR CLUSTER• HON-LNIFOR" INLE VELOCITY• STEADY STATE 

FUEL ROD 1 TE"P::RATURE DISTRIBUTION CDEGREES F I WHICH IS IN CHANNELISI 1• o. o. o. 

•••••••••••••••••••••••• Fl A D I A L p 0 s I .T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUH FUEL FUEL FUEL FUEL ClADDING CLADDING 
LEVEL 0 .00•:100 IN .09506 IN .15300 IN • 2't263 IN .25350 IN .26150 IN .28150 IN 

HEAT TRANS 
II ODE 

1 223B.6 2009.5 1669.3 12B4.0 906.4 62B.7 566.0 
2 4931.0 4416.3 3 7 8 9 .• 0 3078.6 2382.3 1870.3 1754.9 
3 2 3~ 5. 4 2026.3 1686.0 1300.7 923.1 645.4 582.8 

2 
9 
3 

FUEL ROO 2 TE"PERATURE DISTRIBUTiON I DEGREES F WHICH IS IN CHANNEUSI 2, o. o, o. 

•••••••••••••••••••••••• f:. A D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUE:l FUEL FUEL CLADDING CLADDING 
LEVEL o.ooooo IN .09506 IN • 15 300 IN .2426:i IN .25350 IN .26150 IN .28150 IN 

HEAT TRANS 
"ODE 

1 231ft7.8 2059.1 1707d 1308.8 918.3 631.1 566.3 
2 5097.9 4565.6 3916.e. 3182.1 2462.1 1932.6 1813.2 
3 2365.5 2076.9 1725.(i 1326.5 936.0 648o8 584.0 

2 
9 
3 

N 
OJ 
(J1 F'JEL ROD 3 TEMPERATURE DISTRIBUHON •DEGREES F WHICH IS IN CHANNEll S I 3, o. o. o. 

~o~r·········~~~r·······R A 0 I A L p 0 s I T I 0 N s ••••••••••• ~ •••••••••••••••••••• 
AXIAL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL o.OOODO IN .09506 lN .15 3(10 IN .24263 IN .25350 IN .2~150 IN .2srso IN 

HEAT TRANS 
'IIODE 

1 2125.9 18 73.0 1564.8 1215.7 873.6 622.0 565.3 
2 31o78.5 3012.2 2443.8 1600. 2 11 b9. 4 705.6 b01.0 
3 21-41.1 188B.2 1580.0 1230.9 888.8. 637.2 580.5 

z 
2 
2 

FUEL ROD 4 TEMPERATURE DISTRIBUTION -:DEGREES F WHICH IS IN CHANNEUSI 4. o. o. o. 

•••••••••••••••••••••••• i! A D I 4 L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL o.oooor. IN .09506 IN .15300 IN .24263 IN .25350 IN .26150 IN .28150 IN 

HEAT TRANS 
"ODE 

1 Z31B.2 2034.3 1688.3 1296.4 912.3 629.9 566.2 
2 5()45.2 lo521.7 3883.7 3161.1 2453.0 1932.2 1814.B 
3 2335.9 2052.0 1705.9 1314.1 930.0 647.5 583.9 

z 
9 
3 

FUEL ROD 5 TEMPERATURE DISTRIBUTION IDt:GREES F WHICH IS IN CHANNELISI 5, o. (i, o. 

• • ' • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I ·T I 0 N s . ..............•.•......•.....•. 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVH o.ooooo IN .09506 IN .15300 IN .2421!13 IN .25350 IN .26150 IN .28150 IN 

HEAT TRANS 
"ODE 

1 2229.5 1959.9 1631.3 1259.2 894.5 626.3 565.8 
2 4832.8 lo335 .7 3729.tl 301o3.7 2371.3 187b.8 1765.2 
3 2246.1 1976.5 lblo7.9 1275.6 911.1 61o2.9 582.1o 

z 
9 
3 



N 
00 
C1't 

TJiE.LE E:-II (continued) 

SCORE-EVET BENEDETTI-KISER-LORDS HOD 1 VER 2. 
EXAMPLE 21 3-D 7X7 BW~ CLUSTE~, NON-UNlFORH INLET VELOCITY, STEADY STATE. 

FUEL ROD f: TEMPERATUPF DISTRISUTION lDlGR EES IF I WHICH IS IN CHAN~ELISI ()I ··::>· o. o. 
• • • • • • • • • ·• • • • • • • • • • • • • • • R A 0 I A L p 0 s I T I 0 N $ •••••••••••••••••••••••••••••• -•• 

AXIAL FUEL FUEL FUEL FUEL FUEL 
iN 

CLADDING CLADDING 
LEVEL o.ooooo IN • 095,)6 IN .15 3CU iN .24263 IN .25350 .26150 IN .29150 IN 

1 2214.7 1941.5 1621. e. 1252.9 891•5 625.7 565.7 
2 4803.5 431.).8 3710.3- 3030.2 2363.7 1873.6 1.763.1 
3 2231.4 .196ito2 1638.!;- 1269.6 908.2 642.3 582.4 

FUEL ROO 1 TEMPERATUR~ DiSTRBUTION COEGRHS F ) W1H I C H IS IN CHANNEL IS I 1• o, o. o. 
......................... ~ A 0 I A L p· 0 s I T I 0 N s . ................................ 

AXIAL FUEL FUEL FUEL FUEL FUEL. CLADDING CLADDING 
LEVEL o.ooooo IN ,(195:l6 IN .15300 IN .24263 IN .25350 IN .26150 IN • 2815 c IN 

1 1933.6 1711.7 1441.3 1135.( 834.8 614o1 564.3 
2 3114.3 2705.2 2206.(:; 1641.9 1088.5 681.5. 589.7 
3 1945.1 1.7Z~.2 14 52. 1 1146• 5 846.3 625.6 575.8 

FUEL ROD 8 TEMPERATURE DlSTRI!lUTION I DEGREES F WtiiCH IS IN CHANNEL iS I 9ii o. o. O; 

........................... ~ A D I " L p 0 s I T I 0 N s ..• ~.~~··i················~······ AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL o.ooooo IN .09506 IN .15300 HI .24263 IN .25350 IN .26150 IN .Z:.S150 IN 

1 2081.5 1835.8 1;36.~ 1i97.1 864.7 620.2 :565 .l 
2 3391.8 2938.7 2386.~ 1761.0 1148•1 697.3 '59 5. 7 
3 2095.8 ·1850.1 1550.1; 1211.4 878o9 634.5 :5 79.4 

FUEL ROD q TEMP:RATUR: DISTRIBUTION I DtGREES F I lo!HICH is IN CHANNELISi 10; o. o. o. 
•• t •••••• t •• , •••••••••••• F: A 0 I ~ L p 0 s 1 T I 0 N s . .••.•.. .-•..........•..•........ 

AXIAL FUEL FUEL FU~L FUEL FUEL 
iN 

CLADDING CLADDING 
LEVEL o.OOOOD It- .<.:9506 IN .1:1300 HI • 2 4.263 hi .25350 .26150 lti .28150 IN 

1 1'H8,8 16909.3 1431.1 112 8. 8 83io9. 613~ 5 564.3 
2 3078.0 26 73. 3 218Cii(• 1621.4 1073•9 671.3 580.6 
3 1929.5 17W.Ci 1442.~ 113'1.5 842.6 624.2 575.0 

fUEL ROO 10 TEMPERATU~:: C>ISTRI:BUTION lDEGRE~S if 'oHICH IS IN CHANNELiSi 11; o. o. o. 
• I I • I I I e I I I •. I I I I I> I e' e 1' e e I l A D I ' L F 0 s I i I 0 N s: ...•••.... ~ ....•.•....•.•....•.... .. 

AXIAL FUEL fUeL FUEb .. FUEL FUEL .. 
iti 

CLADDING CLADDING 
LEVEL O.O·~DOO H• , C95i06 IN •l53CO IN •24263 IN .25350 .26150 IN • 2815 0 IN 

1 2229,5 1959.9 16;31. 3; 1259.2 894.5 626.3 565.8 
2 4863.5 43a6.4 3760.5' 30H.4 2402•0 1907.5 U96o0 
3 2245.8 191'6.2 161t7o6o 1275.5 910o8 642.6 582.1 

HEAT TRANS 
MODE 

2 
9 
3 

HEAT TRANS 
MODE 

2 
2 
2 

HEAT TRANS 
"ODE 

2 
2 z 

HEAT TRANS 
MODE 

t 
2 
2 

HEAT TRANS 
"ODE 

2 
9 
2 



TABLE E-ll (continued) 

SCORE-EVET BE~ED~TTI-KISER-LORDS HOD 1 VER 2 
EXlHPLE 2, 3-D 7X7 BWR CLUSTER, NOH-UNJFORH INLET VELOCITY, STEADY STATE 

FUEL ROD 11 TEIIPERUURf Dl S TRI BUTI ON !DeGREES F I WHICH IS IN CHANNEL lSI l2o o, c. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R t. D I A L p 0 s I T I 0 N S • • • • • • • • • • • • • • .. • • • • • • • • • • • • • • • • • AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 

LEVEL o.ooooo IN .09506 IN , 15 3C:O IN , Zlt2 63 IN .25350 IN • 26150 IN .26150 IN 
HEAT TRANS 

PI ODE 
1 2052.0 1611.0 1517.3 1184.7 858.7 619.0 564.9 
2 3330.7 2866.4 2344.9 1731.6 1130.6 688,6 588.9 
3 2065.0 1624.0 15 30. 3 1197.7 671.7 632.0 517.9 

2 
2 
2 

FUEL ROO 12· TEKPER.ATURE DISTRIBUTION I DEGREES F WHICH IS IN CHANNEll S I 13. o, o, o, 
• • • • • • • • • • • • • • • • • • e' • • • • • R I. 0 I A L p 0 s I · T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TUNS 
LEVEL o.ooooo IN ,09506 IN •· 15300 IN .24263 IN .25350 IN .26150 IN .28150 IN PI ODE 

1 2081.5 1835.8 1536.3 1197.1 864.7 620.2 565.1 2 
2 3388.1 2935.1 2382.8 1157.4 1144.4 693.7 592.1 2 
3 2095.2 184 9. 5 1549.9 1210.7 878.3 633,8 576.7 2 

N 
OJ FUEL RO!il l3 TEMPERATURE DISTRIBUTION I DEGREES F WHICH IS IN CHANNEliSI 14, o, o, o, -.....J 

• • • • • • • • • • • • • • • • • • • • • • • • R • D I A L p 0 s I T I 0 N s ••••••••••• · ••••••••••••••••••••• 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL o.ooooo IN ,09506 IN .15300 HI .24263 IN .• 25350 IN .26150 IN o2815C IH 

HEAT TUNS 
II ODE 

1 1948,4 1724.1 1450.8 1141o2 8 37.8 614.7 564,4 
2 3137,7 2724.2 222u.2 1649.5 1090.1 678.7 586.0 
3 1959.7 1735.4 1462.1 1152.5 849.1 626.0 575.7 

2 z 
2 

FUEL ROD 14 TEMPERATURE DISTRIBUTION I DEGREES F WHICH IS IN CHANNEll S I 17. o, o. o. 
••••••••••••••••••••··· •• R A D I A L p 0 s I T I 0 ·N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING 
LEVEL 0.0001)0 IN .09506 IN .153~0 IN .24263 IN .25350 IN .26150 IN .28150 IH 

HEAT TUNS 
II ODE 

1 2066,8 1823.4 1526.11 1190.9 861.7 619.6 565.0 
2 3351.6 2902.9 2356.0 1736.7 1129.7 663.1t 562.7 
3 2079.0 1835.6 1539.0 1203.1 673.9 631.6 577.2 

z 
2 
2 

FUEL ROD 15 TEMPERATURE DIS TRI8UTION ID~GREES F ~HICH IS IN CHANNEliSI 16, o, o, o. 
• • • • • • • • • • • • • • • • • • • • • • • • R .\ D I A L p 0 s I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL FUE:L FUEL FUEL CLADDING CLADDING 
LEVEL o.ooooo IN 0 09506 IN .15300 IN .24263 IN .Z5350 IN .Z6150 IN .28150 IN 

HEl T TRANS 
II DOE 

1 1933.6 1711.7 1441.3 1135.0 834.8 614.1 564.3 
2 3098,0 2668.9 2190.3 1625.6 1012 o1 665.2 573 ... 
3 1943.3 1721.5 1451oC 1144.8 844.b 623.9 574.1 

z 
2 
2 



lABLE E-ll (continued} 

SCORE-EVET BENEDETT:-KISER-COROS . -~~0 1 VER Z 
EXAMPLE 2, 3-0 7X7 BWR CLU·~TER;· NON-UNI-ORM I"lEf. VELOCITY, STEAo·y STATE 

FUEL ROD 16 TEMPERATURE DISTRfBUliON ID'E:O·REES F ) WtHChl IS [N CHAN'NE"L ( S I 19, ()', o, o. 
•••••••••••ii••··••••~ .•••• R A D' I A: L p· a: ~· l 1' I 0 N s ....... -~ .• ~······~··~··········~· AXIAL FUEL FUE"L· FUH fiJH FUEL CLADDING CLADDING 

L!:VEL O·.OCOOO IN .09506 IN· .15300" IN • ~-t263' lN .25350 IN •26150 IN .28150 IN 
HEAT TRANS 

110DE 

1 1871t.lt 1662.: H0'3·. 2 L10.1 822.9 611.7 56lt.O 
2 29.34,9 ";:593 ... Zl.'l6.2 LH5.8 10'46. 2 656.7 568.9 
3 1832.9 :.670ob l'tl:lo8 U18, 7 831.lt 620.2 572.6 

2 
2 
2 

FUEL ROD 17 TEMPERATURE [• l ~"f.IH B'U7 loOM IDE.GR'EES F NiilC -1 IS IN CHANNELISI 20. o. o. o. 
•••• I •••••••.••••••• ·-· ••••••• R A·. 0• I A (. p 0 ) I T I 0 N s •.•.••.• ~ ••••••••.••••••••••••••• 

AXIAL FUEL FUE.l FUEL Fu:t . FUEL. CLlDDING CLADI>ING 
LEVEL IJ.COOOO IN • 1)9'50'6 IN .15 300 IN .z lt2-63 IN .25350 IN .·2 !>150 IN .2815C IN 

lieu· TRANS' 
Pi ODE 

1 1859.6 L•6'lt'9'. => i:393.7 1103.9 819.9 1111.0 563.9 
2 29!>0'.1 ~·5·7'3. L 21'01:;2 1566.9 1043.2 !>58.1 571.3 
3 1868.5 [658. 5 11t02.6 lH2.e; 828.8 !>19.9 572.8 

2 z 
2 

N 
00 
00 

FUEL ROD 18 TE P'IPERA TURE !HSII"R I B·UriQN !DEGREES F WH i•C H IS IN CHANNEL($) 21· o. o. o. 
• • • • • • • • •.•• , • ,,, •• _.,, ,. • • •, , , R ~· D I A L p 0 S· I T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL F~El FUEl: FUH FUEL CLADDING CLADDING 
tEHL O,OC!OOO IN •. ~950·6. IN .15300 Hi .21t263 IN .25350 IN .26150 IN .28150 IN 

HEAT TRAN'S 
MODE 

1 Zlll. r. l 860' •. :)· f555.3 ).;209. ~· 870.6 621.4 565.2 
2 3441t •. 5 29'8<r.6 2"419.6 t782.J 1157•2 697.7 594.1 
3 2125.1 18 J"4 .• 6 1:5 69 ··2 1.22 3 ••. 881te5 635.3 5 79.1 

2 
2 
2 

FUEL ROD 19 TEMPERATURE ).f$TRI>B'UT-I ON I·D·EGREES· F WH·ICH IS IN CHA'NNEL( S I 25, o. o. o. 
• • • • • • • •.••. • • •.•. • ···•'•···· •·•·• • R. ,; D' I A ~ p· ~ S I 1 I I) N.s •• ~ •• ~.~ •• ~······················ AXIAL FUEL FUEL HJEL FOE( FUEL CLADDING CLADDING 

LEVH o.ooooo IN .0950b IN .. ,15300 It>~ oZlf263 [N ·2·5350 IN .26150 IN .28150 IN 
HEAT TRANS 

110DE 

1' 183"0. 0~ 16t<t·. 8"• 1~3flt .. 7 109;1. ~ 813.9 609.8 563.8 
2 2903.1 .2:5 2'4 .. 8 20 63 .-; li5H.~ 10~9.7 653.4 568.5 
3 1837 •. 3 163·2: .. 1 1362.0 1098.6 821.3 617".1 511.1 

z 
2 
2 

FUEL ROD 20 HMPERATURE D'I'.Sf.R I BliHON· I D~GREES· f f liHlCH IS IN CHANNEL!SI 26. o·. o, o. 
••••••••••• t ...... ~"····· .... / •••• R. l D 1 A t ? () s: I ' I 0 N.S ............. ;•"·····················G AXIAL FUEL FUH, •UEL, fL:EL FUEL CLADDING CLADOIN 

LEVEL ·:l. coooo l•N .. 0-9506 fN• .153'00' lf'l .~4263 IN .2."5·350 IN o2·6150 IN eZ8150 IN 
HEAT TRANS 

1100E 

1 1859. b' 161t.9'o 6" 139::1'.-7 ll0·3. 9 81-9;. 9' 611.0 563.9 
2 2957.6 2570:.5 20"98.7" 156t·" 1·040. 7- 655.6 568.7 
3 18 6 7. 1 1:6'5"7. 1 1401.2' lU ,;, 827.1t 618·, 6 571.5 

2 
2 
2 



TABLE E-ll (continued) 

SCORE-EVET BENE)ETTI-KISER-LORDS MOO 1 VER 2 
EXAMPLE 2, 3-0 7X7 ~WR CLUSTER, NON-UNIFORM INLET VELOCITY, STEADY STATE 

FUEL ROO 21 TEMPERAT:JRE DISTRIBUTION ICEGREES F I WHICH IS IN CHANNEL lSI 27r ·:i· o. o. 
•••••••••••••••••••••••• R. A 0 I A L p 0 s I T I 0 N s . .•..•••••.•••••...•..•.•.•.•.•• 

AXIAL FUEL FUEL FUeL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEVEL OoO:IOOO IN o 095 06 IN o15 300 IN .24263 IN o25350 IN .26150 IN .28150 IN MODE 

1 1859o6 1649ob 1393o7 1103.9 619.9 61lo0 563o9 2 
l 2957o6 2570o5 21i96.7 1564o4 1040.7 655o6 566.7 2 
3 l!l6Bo0 1656o0 1402.1 lll2o3 626o3 619o4 572o3 2 

i'UEL .ROO 22 TEMPERATURE iH S TR I BUTI ON I DEGREES F wHICH IS IN CHANNELISI 'z6, o. o. o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A. 0 I A L p 0 s I T I 0 N s . ................................ 

AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LE'IEL OoC0000 [N 0 095 06 IN o15 300 IN .24263 IN o25350 IN o26150 IN e2615Cl IN MODE 

1 2037.2 1796 0 () 1507.6 ll78o5 855.7 ()18.4 564o9 2 
2 330 3 o1 2863o2 2327o0 1719o8 ll24o6 667o2 586.5 2 

'3 2049.7 1811ol 1520o3 1191o0 8&8o2 630o9 577 0 4 2 
N 
0:· 
I.C· 

FUEL ROD 23 TEMIPERATURE DISTRIBUTION I DEGREES F WHICH IS IN CHANNEl lSI 3), o. o, o. 
• • • • • • • • • • • • • • • • • • • • • • • • R A D I A L p 0 s I T I 0 N s . ...............•............... 

AXIAL FUH FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
L E'/ E L o.ooooo IN o09506 IN o15300 IN o24263 IN o25350 IN .26150 IN • 2815 0 IN II ODE 

1 1756.0 1562o7 1327.2 1060.4 799.0 606o7 563.4 2 
2· Z766o8 2410o5 1976.2 1484o4 1002o4 647.9 566.0 2 
3 1762.0 1568.7 . 1333.2 1066o4 805.0 612.8 569.4 2 

FUEL RO•) 24 TEMP ERATUI( E DISTRIBUTION I DEGREES F WHICH IS IN CHANNEL lSI 34· o. o. o, 

• • • • • • • • • • • • • • • • • • • • • • • .. R A D I A L p 0 s I T I 0 N s . ..••.•....•••.................. 
AXIAL FUEL FUEL FUEL FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEIIEL C,O()OOC IN o 095 06 IN o15300 IN .24263 IN .25350 IN .26150 IN .28150 IN II ODE 

1 1659.6 1649.6 1393.7 1103o 9 619o9 6lloC 563.9 z 
2 2957o6 257Ci.5 2096o7 1564.4 1040.7 655o6 566.7 2 
3 1866ol 1656o2 1402.2 1ll2o 4 626o4 619.6 572 0 5 2 

FUEL ROO 25 TEMPERATURE DISTRIBUTION I DEGREES F WHICH IS IN CHANNELISI 35, o. o. o. 
........................ ·• R. A 0 I A L p 0 s l T I 0 N s •••••••••••••••••••••••••••••••• 

AXIAL FUEL FUEL FUEl FUEL FUEL CLADDING CLADDING HEAT TRANS 
LEI/EL o.ooooo IN .09506 IN .15300 IN o242:63 IN .25350 IN .26150 IN .28150 IN MODE 

1 Z066o6 1623.4 1526o8 1190o9 66lo7 6l9o6 565.0 2 
2 3361.2 2912o5 2365o6 1746o2 1139 0 2 692o9 592.2: 2 
3 ~060o1 1836o7 1540o1 1204.2 8 75 .-o 632.9 578.3 2 



N 
1..0 
0 

·-ABLE E-li (continued) 

SCORE-EVET 8ENEDETTI-KISER-.ORDS IIOD 1 VER 2 
EXAIIPLE 2• 3-0 7X7 8WR CLUSTER, NON-UNEFORII IHL5T VELOCITY, STEADY STATE 

FUEL 

FUEL 

FUEL 

ROD 26 

AXIAL 
LEVtL 

1 
2 

. 3 

ROD 27 

AXIAL 
LEIIEL 

l 
2 
3 

ROD 28 

AXIAL 
LEVEL 

1 
2 
3 

TEll PERATURE DISTRI8UII"ION I DEGREES F 

• • • • • • • • • • • • • • • • • • • ·• • • • • R t. D I A L 
FUEL FUEL FUEL o·.ocooo IN • 09506· IN .15300 1" 

l<l16.8 16<;19.3 14 31.7 
3C71.9 2673.2 2179.9 
1<;29.4 1709.9 1442.4 

TEHPEHTURE )ISTR!8UTION I DEGREES F 

• • • • • • • • • • • • • • • • • • • • • • • • R " D 1 A. L 
FUEL FUEL FUEL 

•l • CCODO IN !0~51H: IN .15 300 Itt 

2244.3 1972.3 161t0o 8 
4877.6 4376.1 3764.9 
2261.4 1989 ~.4 1657.9 

TEIIPERATURE OISTIU~LTION IDoGREES F 

• • • • • • • • • •. • • • • • • • • • • • • • R FUEL FUEl . . . 
0.00000 IN .0950~ IN 

• • /' I' • 

2185.1 1922.7 
3599.1 3115.3 
2201.2 1938.7 

~ D I 6 L 
FUEL 
.153QCI II. 

1602. e. 
2~2~.!1 
16le.q 

I WHICH IS IH CHANNELISI ltl• o. c;, o. 
p c s I 1 I 0 N s ••••••••••••••••••••• 41 •••••••••• 

fUEL FUEL CLADDING CLADDING 
.2 4263 IN .25350 !N .2:6150 IN • 281'50 IN 

u2e.e 831.9 613.5 561t.3 
1621.:> 10 73.8 671• 2 580.4 
1139.4 842.5 62:'tel 51!4.9 

~HJCH IS IN CHANNELISI lt2• o .. o. o. 
t> 0 s I T I 0 N s •••••••••••••••••••••.• ·• •••••••• 

FUEL FUEL CLADDING C:LACDING 
•. Z4263 I~ .25350 IN • c·615o IN .28]50 IN 

1265 ... 897.4 626.9 565.8 
3072. J 2394.3 1895.4 17E2.9 
12.82. 5 914.5 644.0 5E-2 • 9 

oiH~C H IS IN CHANNEl lSI . .. •' "~· .o •. o. o, 
P 0 S I 7 I 0 

FUEL N S • • • • • • • • • • • • •· • • • • • •- • • • •· • • • • • • • • • . FUEL ·' ·CLADDING CLADDING 
o2426~ IN 

1Z40oS 
185.7'.:, 
125.6. ~ 

!2~350 J~ .~6150 IN ~28150. IN 

885.5 624.4 5~5.6 
1203.0 721.6 6~3.1 

901o6 ~40.5 5Sle6. 

PIIAX • 588e049 

PIIAX • 588.035 

PIIAX • 588.022 

pCHEC~ • -.502689 

PCHE.Ctc. ~ ~!~33557 

PC.HEC.K ~ -.608171 

•:CH£CK • 2.1~635 

CCHEC~ • 2.23006 

:c~~c~ ~ 1.86495 

IT~jt 

IT~~ 

IT.EII 

. 3 . 3 . ' 

HEAT iRAHS 
' IIODE 

2 
2 
2 

HEAT TRANS 
II ODE 

2 
9 
3 

HEAT T.RANS .. IIODE . 

2 
2 
3 



3. SAMPLE PROBLEM NUMBER 3; A ONE-DIMENSIONAL REPRESENTATION 

OF A 5 BY 5 TEST ASSEMBLY: STEADY STATE AND HOT 

LEG SLOWDOWN TRANSIENT 

Sample Problem Number 3 consists of a one-dimensional transient 

problem illustrating the use of the heat flux specification option and 

the time varying inlet and outlet pressure boundary conditions. The 

problem simulates a 5.5-ft-long, 5 by 5 fuel rod test assembly under­

going a hot leg blowdown transient. 

The geometry of the fuel assembly is shown in Figure E-3. The fuel 

assembly consists of 25 fuel rods, each 5.5-ft long and 0.422 in. in 

diameter arranged in a 5 by 5 square matrix with a rod-to-rod pitch of 

0.570 in. (0. 148-in.-gap spacing). The rod bundle is contained within a 
canister 2.850-in. square. For this sample problem the fuel rod array 

is represented as a single average calculational channel 2.850-in. 
square and divided into 13 unequal axial lengths as listed in the fol­

lowing input printout. 

The specified heat flux simulated PWR fuel rods operating at an 
initial steady state average heat flux of 2 * 105 Btu/hr-ft2, with 

transient heat decay initiated at 1 second to simulate a loss-of-coolant 

accident (LOCA). The peak-to-average axial heat flux distribution and 
the heat flux time distribution are listed .in the following input printout. 

PWR coolant conditions are simulated with an initial internal 

energy of 534.5 Btu/lbm, an axial velocity of 6.72 ft/sec at the inlet, 
and an initial pressure of 2265.0 psia at the outlet. The problem is 

conducted holding the coolant conditions constant for second to 

provide steady state initialization, after which time a transient is 

initiated simulating PWR blowdown conditions. 

The input data required to perform the calculations are presented in 

Table E-111. Following the input printout the calculational results are 
presented in the output printout. Calculational results for times 0, 

1.011, 1.471, 2.071, 2.571, 3.071, 3.571, and 3.971 seconds are presented. 
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r· . ?-570 ~ ~ -~ ... I 0,285 I 

Npmenclature. 

·.··~·c.·. 

U 
· Pf = Rad_ial Power Factor 

f 
C = Channel Number 

Canister Wall 

I 0.422 Dia. 

I 

INEL·Ac 1794 

Fig. E-3 Layout of the 5 by 5 PWR, Sample Problem Number 3. 
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N· 
1.0 
W· 

~ .. 

TABLE E-111 

SAMPLE PROBLEM 3 

SCORE-EVET 3ENEOETTI-KISER-LORDS MOO 1 VER 2 
EXAMPLE 4, 1-0 ?X5 PWR CLUSTER, SS + TRANSIERT 

IUF • 1 
IOUTF • 1 
NAOC • 1 
NOCH • 0 
IBR • 13 
.IBR • 1 
1(8R • 1 
lROO • l 
NOIAG • 1 
NROO • 0 
NZPTD • 8 
NZTOT • b 
ALX • 1.00 
ALY • 1.00 
ALZ • loOO 
GX • -32,2 
GY • O, 
GZ • O, 
CEP • .448E-04. 
WGHTP • 1.50 . 
DT • o100E-03 
80 • 1.20 
SACRIT • ,800 
TFIN • 4,00 
IDTFLG • 0 
L PR' • 3 
IIIPRT • 20 
IIWPC • 13 
IIIWPP • 0 
IESFLG • 2 
l'lTAP • 0 
I'IWTO • ZO 
IIEWTAP " 0 
IIRST • 0 
I,J,K PRINT LIMiTS ARE 1 ' 15 1 

•••••••••••••••••••••••••••••••••••••••• •••• • ••• •••• INPUT IS IN ENGLISH UNITS •••• •••• • ••• •••••••••••••••••••••••••••••••••••••••• 

...... 
1 3 1 1 3 1 

,. 

' 



.. ,- ... 

. SCORE-EVET BENEOETTI-K£S:E~"LOROS TDA,NI.IODE:lT 
EXAMPLE ,, 1-D 5X5 PWR "LUSTE•· ss • R_ SI N 

VE-R: 2 

X CELL DII1ENSIONS 
.5goog b,COOO ~.oooo 5.0000 ~.oooo 5.0000 5~0000 5. OOCIO 5.0000 7.0000 
"· 00 ltoOOOO 5.0009 5o00!)0 5.0000 

Y CELL DII1ENSIOHS 
.57000 2.8500 • 57000 

Z CELL 0111ENSIDNS 
.57000 2i85CO .57000 

LOSS C OEFF IC I ENTS o. o. o. o. o. 9· o. o. o. o. 
0. o. o. o. 

Pill • o225E+04 
SIE Ul . 51tlo 
QUAL • o • 
Ulll • 6 .7Z. 
OIAI1RD . o't22 
SPROO • • 510 
PAVE . , 172 E +.06 
CHANNEL 1 DHY . .415'-u DHE . .55827 AWF !· 5~~~40 AWQ . 4.0895 VOID . .56951 ROONI,JI1• o. 

N 
~ 
~ 



TABLE E~III (continued) 

VER 2 

RADIAL POio"ER FACTORS--BY CHANNEL IF IROD • 0 ---BY ROO IF IROO . 1 OR 2 
1.oo 

A~IAL POWER FACTORS FOR THE REAL CELLS 
.750 .75(i .825 1.10 -1.20 1.23 1.23 1.00 .750 .500 
.451 .400 .150" 

POWER-Till~ INPUT 
1.00 o. 1.oo 1.00 1.36 1.25 1. Zit · 1.50 1.07 z.oo 
.9't6 2.60 .Bitlt 3.20 .576 6.00 

DElTA T-Tl liE INPU> 
1.000E-03 1.000E-02 1.000E-03 2.oooE-02 1oOOOE-02 1.00 1oOOOE-03 lo17 5.000E-03 1.35 
5.000E-03 ... 50 

u v w p SIE RHO TE"P 

INLET BOUI'IOU: Y FLaGS 3 1 1 6 3 8 6 

INLET BOUHOAR Y COHOITIOI'IS b. 72000 o. o. o. 531t.500 o. o. 
NF TPUI . b 

FACTORS FOR IHLET VELOCITY OR PRESSURE AS A FUNCTION OF TI"E 
1.000000 o.ooocoo 1.000000 1.000000 .'<76200 1.600000 .lt64300 1.900000 o61t0000 3.300000 

.667000 4.100000 
N NFHSI . 5 
1..0 FACTORS FOR li'ITERNAL ENERGY AS A FUNCTION OF TillE 
U1 1.000000 o.oooooo 1.000000 1.000000 1.006000 1.050000 1.00't600 1.100000 1.006500 5olt00000 

u v w p SIE RHO TE"P 

OUTLET BOUNDARY FLAGS b 1 1 3 6 6 6 

OUTLET BOUNDARY CONDITIONS o. o. o. 2250.78 o. o. o. 
NFTPUO • 8 

FACTORS FOR OUTLET VELOCITY OR PRESSURE AS A FUNCTION OF TillE 
1.000000 o.oooooo 1.000000 loOOOOOO .972200 1.052200 .695300 1.104400 .622900 1ol56500 

.617660 1.521700 .609200 1.867000 .lt91800 4olt96000 



TWO-PHASE FRICTION MOJEL f_AG, ITF~pb • 0 

•••• ACTUAL FRICTiO~ FAtTb~ ~LA'S U~EO •••• 

IRECWS = 0 IRFX z 2 IR~Y a 2 iR~Z ? 
IFXLAM • l lFYtAM • 1 IFZLAM • 1 
IFXTUB • 3 IFYTUB s 3 JFZT~B • 3 
IFLTE~ = 0 

TABLE !-III (continued) 

•••• ACTUAL TWO-H.~SE CtlRRELATliJN FlAGS u~Eo .. .::.: 
IAlFA . 1 ITPRHC . 1 

ITPMLX . 5 ITPI'il~ = 5 ITf.MlZ a 5 
ITP~TX . 5 ITPr.n . ~ lTPMT Z • !I 

r 



TABLE E- I II (continued) 

SHUPHEl, 1-0 ~~~E~~~T~L~~~~~;L~~o~ TRA~~~EAT VER 2 

CYCLE . 0 TillE . o. IT ERA liONS • 0 DELTA TillE . olOOOOE-03 POWER AVERAGE • o17172E+06BTUIFTZoHRo 
K J u v w PRESSURE DENSITY ENERGY TEIIP QUAL FT/SEC F TIS EC FTISEC PSI LBII/FT3 BTU/LBII OEG F 1 1 1 6.72000 o. o. 2253.10 lo7o06B5 53loo500 553.036 o. 2 1 1 6o72000 o. o. 2253.10 lo7o0685 53lo.500 553.036 o. 3 1 1 6.72000 o. o. 2253.10 io7o0685 53lo.500 553.036 o. 1 2 1 6.75590 o. o. 2253.10 lob .lo793 546.108 556.269 o. 2 2 1 6.75590 o. o. 2253.10 lo6.4793 546.108 556.269 o. 3 2 1 6o75590 o. o. 2253.10 lo6olo793 51t6o108 556.269 o. 1 3 1 6.78769 o. o. 2252.90 46.2617 550ollo7 559.503 8: 2 3 1 6.78769 o. o. 2252.90 46.2617 550o1lo7 .559.503 
3 3 1 6.78769 o. 0. 2252.90 lo6.2617 550.llo7 559.503 o. 1 It l 6. 82H8 o. o. 2252o72 lo6.0123 554.588 563.059 o. 2 t, 1 6o8241t8 o. o. 2252.72 lo6.0123 55to.588 563.059 o. 3 t, 1 6o821tlt8 o. o. 2252.72 46.0123 55lo.588 563.059 o. 1 5 1 6.87360 o. o. 2252.55 to5.683lo 560.509 567.71t0 o. 2 5 1 6. 8 7360 o. o. 2252.55 lo5.683t, 560.509 567.71t0 o • 3 5 1 6.81360 o. . 0. 2252.55 lo5 .683lo 560.509 567.7lo0 o. 1 6 1 6o92lo65 c. 0 •. 2252.37 lo5.3io66 566.972 572.70t, o. 2 6 1 6o92465 o. o. 2252.31 lo5o3lo66 566.972 572.701t o. 3 6 1 6.921t65 o. o. 2252.37 lo5o3lo66 566.972 572.70io o. 1 1 1 6.98217 o. o. 2252.19 H.9731 573.589 517.786 o. 2 7 1 6.98217 o. o. 2252.19 loloo9731 573.589 577.786 o. 3 1 1 6.98217 o. o. 2252.19 t,t,.9731 513.589 577.786 o. N 1 8 1 7o01t465 o. o. 2252.01 toto.5H2 580.173 582.81t2 o. \.0 2 8 1 7.04465 o. o. 2252.01 41to5H2 580.113 582.81t2 o. -......! 3 8 1 7.04465 o. o. 2252.01 lo4o57ft2 580.113 582.842 o. 1 9 1 7.09229 o. o. 2251.83 t,to.2H8 585.552 586.837 o. 2 9 1 7.09229 o. o. 2251.83 44.2748 585.552 586.837 o. 3 9 1 7.09229 o. o. 2251.83 loloo21lo8 585.552 586.837 o. 1 10 1 7.14262 o. o. 2251.62 43.9628 591.199 590.949 o. 2 10 1 7.14262 o. o. 2251.62 lt3o9628 591.199 590.949 o. 3 10 1 7ollo262 o. o. 2251.62 to3.9628 591.199 590.9lo9 o. 1 11 1 7.16308 o. o. 2251olt2 43.8372 593.3lo9 592.5lio o. 2 11 1 7.16308 o. o. 2251olt2 lo3.8312 593.3lo9 592o5llo o. 3 11 1 7.16308 o. o. 2251.42 43.8372 593o3lo9 592.Hit o. 1 12 1 7.18215 o. o. 2251.28 43.7209 595.287 593.925 o. 2 12 1 7.18215 o. o. 2251.28 lo3.7Z09 595.287 593 •. 925 o. 3 12 1 7.18215 o. o. 2251.28 43.7209 595.287 593.925 o. 1 13 1 7.20395 o. o. 2251.13 43.5886 597.to35 595olo89 o. 2 13 1 7.20395 o. o. 2251ol3 to3.5886 597.lo35 595.489 o. 3 13 1 7.20395 o. o. 2251.13 lo3.5886 597olt35 595.489 o .• 1 lit 1 7.21232 o. o. 2250.95 lo3.5380 598.21t0 596.071t o. 2 lit 1 7.21232 o. o. 2250.95 lt3.5380 598.240 596 .OH o. 3 lit 1 7.21232 o. o. 2250.95 lo3.5380 598.21t0 596.074 o. 1 15 1 7.21232 o. o. 2250.78 lt3olt8H 599.0lo5 596.659 o. 2 H 1 7.21232 o. o. 2250.78 lo3olo87t, 599.01t5 596.659 o. 3 1 7.21232 o. o. 2250.78 to3.1t874 ·599.01t5 596.659 o. 1 1 2 6.72000 o. o. 2253.10 47.0685 531to5go 553.836 o. 2 1 2 6.72000 o. o. 2253.10 io7o0685 53lo.5 0 553. 36 o. 3 1 2 6.72000 o. o. 2253.10 lo7.0685 531t.500 553.036 o. 1 2 2 6.75590 o. o. 2253.10 lo6olo793 546.108 556.269 o. 2 2 2 ·6.75590 o. o. 2253.10 lo6.lo793 51t6ol08. 556.269 o. 3 2 2 6. 75590 o. o. 2253.10 lt6o4793 51t6ol08 556.269 o. 1 3 2. 6.78769 o. o. 2252.90 46.2617 550.llo7 559.503 o. 2 3 2 6.78769 o. o. 2252.90 lo6.2617 550.llo7 559.503 o. 



T~ELE E-III (c.ontinL,Jeo) 

s~OR~-EP! g~~E~S~Tlr~~·~~=-~~D! TR*~~9.E.~T VER z 
XA PL I 1-D 

K J u J w IPRESS.URE DENSITY ENERGy TEHP QUAL 
FT/SEC fTtSEC FTISO:C 1PS I L'8iHFT3 8TU/l8H DEG F 

3 3 z 6.78769 o. o. 2252.90 46.2617 550.147 559.503 o. 
1 4 2 6.82448- o. o. 2252.72 .46.0123 554.588 563.059 o. 
2 4 2 6.82448- o. o. 2252.72 46.0123 554.588 563.059 o. 
3 4 2 6.82448 o. o. 2252.72 46.0123 55lt.588 56 3.0-59 o. 
~ 5 2 6o!i7360 o .. o. 2252.55 45.68 34 560.509 567.HO o. 

5 2 6o8736a o .. o. 2252.55 45.6834 560.509 567.HO o. 
3 5 2 6. 8 736a o .. o. 2252.55 45.6834 560.509 567.740 o. 
1 6 2 bo92465 o .. o. 2252.37 45o31t66 566.972 ~72. 70tt o. 
2 6 2 6.9246~ c. O; 2252.37 45.3466 56b.972 572. 70ft o. 
3 6 2 6o921t65 o. o. 2252.37 lt5.3466 566.972 572. 701t o. 
1 7 2 6.98211 o. o. 2252.19 41t.9731 573.589 577.786 o. 
2 7 2 bo98217 o. o. 2252.19 44.9731 573.589 577.786 o. 
3 7 2 6.98211 o. o. 2252.19 ,44.9731 573.589 577.786 o. 
1 8 2 7.0H65 o. o. 2252.01 H.5~!!2 580.173 582.Blt2 o. 
2 8 2 7.04465 a. o. 2252.01 44.5 42 580.173 582.842 o. 
3 8 2 7.04465 c. ~ .. 2252.01 4.4 <5HZ 58.0.173 582.8it2 o. 
1 9 2 7.0922'1 c. o. 2251.83 44o2748 585.552 586.837 o. 
2 9 2 7.09229 o. o. 2251.83 !i!t. 2748 585.552 586.837 o. 
3 9 2 7.v9229 a. o. 2251.83 H.2748 585.552 58b.837 o. 
1 10 2 7.142bZ (j. a. 2251.62 43.9b28 591.199 590.949 o. 
z 10 2 7.142bZ c. a. 2251.62 43.9628 591~199 590 •. 949 o. 
3 10 2 7.142bZ c. o. 2251ob2 43.9628 5'H.199 590.94,9 o. 

N 1 11 2 7.16301 c. 0< 2251.42 lt3~8372 593.31t9 592.514 o. 
1.0 2 11 2 7.16308- c. o. 2251e42 43~8372. 593'. 349 592.514 o. 
co 3 11 2 7.16308- (. o. 2251.42 43.6372. 593.349 592 .slit o. 

1 12 2 7.18215- c • 0. ~~~l:~g .43. 7209 595.287 593.925 o. 
2 12 2 7o1821:j (•. ·o. 43'. 720.9 595e287 593.925 a. 
3 12 2 7.18217 (•. ·o .• 2251.28 H.721)9 595.287 593.925 o. 
1 13 2 7.2039'~ (•. o. 2251.1-3 43.588b 597.1t35 595.489 o. 
2 13 . 2 7.2039.5 o. o. 2251.·13 .43.5886 597.435 595o489 o • 
3 13 2 7.2039:i "· 0~ 2251.13 43158.86 597.435 595.489 o. 
1 14 2: 7.21232 G!. o. 2i!:50~95 43'.5380 598.240 596.0H o. 
2 14 2. 7•21232 ... 0~ 2250.95 4 3~ !i38'Q 598.2!.0 596.0H o • 
3 14 z 7.21232 •• o. 2250·. 95 43.!i380 598.240 596.07lt o • 
1 15 z 7.21232 c. 0~ 225o;.1e 43'o4871t 599.{145 596.b59 o. 
2 15 z 7.2123i: •• o·. 2250'0 7.8 43.48'7oi 599.045 59,6·.659 o • 
3 15 2 7o2l23i: lio o. 2250~78 .it3~48H 599.045 596~659 o. 
1 1 3 6. 72C0Co o. o. 22!:3.10 H:&~n 53lt.500 553 •. 036 o. 
2 1 3 b. 7200(• ., . o. 2253.10 534.500 553.036 o. 
3 1 2 6.72000 I) o o. 2253.10 47.0b85 534'.500 553.~36 o. 
1 2 

·i 
.b. 75590 \). 0 •. 2253.10 4.6.4793 546.108 556. 69 o. 

2 2 6. 7559(1 •). o· .. 2253~1a 4.6'.1t793 546.108 55b.269 o·. 
3 2 ~. 6.75590 ·J. 0 •. 2253.10 ~~·=~ln 546.108 556.269 o. 
1 3 ~- 6. 7876<1 ,J. o .. 2252.90 550.147 559.5()3 o. 
2 3 ~ 6. 7876<f ')·. o·. 2252.90 46'.2bl1 550.147 559.503 o. 
3 3 :· 6. 78 7bQ ). o. 2252~90 4.6.2bl1 550.147 55.9.503 o. 
1 4 3 6.82448 J. o. 2252.72 ltb.01B 55lt.588 563'.059 o. 
2 4 ~ 6o821titoll J~ o;, 2252·. 72 .46.01B 554.588 563.059 a. 
3 4 3 6.82448 :>. o; 2252.72 46.0123 554.588 5b3.059 o. 
1 5 3' i>'o37360 J~ o. 2252.55 'lt5.b83ot 5b0~509 5.67. 740 o. 
2. 5 3 i>.373E:O . ,. o. o. 2252~55 .45.6834 560~509 5b7.740 o. 
3 5 3 6.<173b0 ::i. ·0. 2252.55 45 ;·be 3 .... 560.509 ~~~:~~-2 O• 
1 b 3 b.924t:5 ::>. o. 2252.37 .45.34b6 566.972 o. 
2 b 3 6.924t:5 D;. o. ·2252; 37 .45 .34b6 56b'o972 572.704 o. 
3 6 3 6o924l:5 9~ o; 2252.37 ;45. 3466 5b6.972. 572.704 o. 



TABLE E- II I (continued) 

5 ~2~~PHE!, 1-D ~~~EDf~T~-K~~~R-L~RDS J P~ LU R, S + ii"RA~~~E~T VER 2 

K J u " ·~ PRESSURE DENSITY ENERGY TEI1P QUAL FT/SEC FT/SEC F TIS EC PSI LBI1/F T3 BTU/LBM DEG F 
1 7 3 6.98<:17 o. o. 2252.19 44.9731 573.589 577.786 o. 2 7 3 6o98<:17 o. o. 2252.19 44.9731 573.589 577.786 o. 3 7 3 6.98217 o. o. 2252.19 44.9731 573.589 577.786 o. 1 8 3 7o04'·65 o. o. 2252.01 44.5742 580.173 582.842 o. 2 8 3 7.04'65 o. o. 2252,01 44.5742 580.173 582.8lt2 o. 3 8 3 7.0lt'65 o. o. 2252,01 44.57lt2 5 80 o173 582.842 o. 1 9 3 7.09229 o. o. 2251.83 44.2748 585.552 586.837 o. 2 9 3 1.09.::·29 o. o. 2251.83 44.2746 565.552 586.837 o. 3 9 3 7.09229 o. o. 2251,83 44.2748 585.552 566,837 o. 1 10 3 7.14<:62 o. o. 2251,62 43.9628 591.199 590.9lt9 o. 2 10 3 7.14262 o. 0. 2251,62 43.9628 591.199 590.9lt9 o. 3 10 3 7.14<:62 o. o. 2251.62 43.9626 591.199 590.949 o. 1 11 3 7 ,'1 6~·08 o. 0. 2251.42 43.8372 593.349 592.514 o. 2 11 3 7.162 .. 08 o. o. 2251,42 43.8372 593.349 592.514 o. 3 11 3 7.16~08 o. 0. 2251.42 43.8372 593.349 592.514 o. 1 12 3 7ol8<15 o. o. 2251.28 lt3.7209 595.287 593,925 o. 2 12 3 7.18215 o. (j, 2251.28 43.7209 595.287 593.925 o. 3 12 3 7.18215 o. c. 2251.28 43.7209 595.287 593.925 o. 1 13 3 7.20~95 o. o. 2251.13 43.5866 597.435 595.489 o. 2 13 3 7.20~95 c. o. 2251.13 43. 588b 597.435 595.489 o. 3 13 3 7.20395 o. o. 2251.13 43.5686 597.lt35 595.lt89 o. 1 14 3 7.21232 (i, o. 2250,95 43.5360 598.240 59b,OH o. 

N 2 14 3 7.21232 0. o. 2250,95 43.5380 598.240 596.074 o. 
\D 3 14 3 7.21232 o. o. 2250,95 43.5380 598.240 596,0H o. 
\D 1 15 3 7.21232 o. o. 2250.78 43.lt874 599.045 596.659 o. 2 15 3 7.21232 o. o. 2250.78 43.lt874 599.045 596.659 o. 3 15 3 7.21232 o. o. 2250.78 43.4674 599.045 596,659 o. 

t: .. ~.-



w 
0 
c 

X 

1 z 
3 
!t 
5 
6 
7 
8 
9 

10 
11 
12 
13 
lit 
15 

... 

1-0 

OX, 
INCH~S 
• 5(;0( 0 
beOOOO 
5.0,)00 
5.00(0 s·.occo 
5.0000 
5.0000 
5.ocog 
5. 000.. 
7.00('0 
4.·oooo 
4.0000 
5.0000 
·5 .oooo 
5 .oopQ 

O.Y 
Il'lCIHS 
• 5'7C·C·C 
z• eso.o 
'• 570.£;0 o· ••. 
~" .. 

" 

o·. 
o·~ 

o; 
0~ 
o·. 
o. o. 
. o. 
. o. 
.0~ ....... 

DZ 
I N.C HE S 
:. 5 7000 z.esoo 
·• 5·70,0.0 c·. c .• • 

o. 
0~ 
.o·. 
rO~ 
·o • 
O• 
o. ·o·. 
0~ 
;o·. ,o;, 
•, .. 

TABLE E~III (contin~ed) 

X y 
INCHES INCHES o·; .o • 
b'eOQOO za5oo 
ll<;)OO 3.4200 
16 <r)OO .0~ ' '• 

2lo)00 o. 
Z6oJOC o. 
31 ~ JOC o·. 
36oJOO 0~ 

41 ·• JOO o. 
48.000 o. 
52.0.00 o. 
56.000 o. 
61.000 o. 
6o;ooo o. 
71!090 .o. 

z 
INCHES o. 
2•8500 
3.4200 o·. .. 
c;; 
o. o. 
o. o. o. o. o. o • o • o. 

., 



w 
0 

***CI1ANNH 1 

X u 
FT/SEC 

l 6, 7 2uCC 0 
2 6. 755901 
3 t..787b89 
4 6.824476 
5 6. 8 7 360 4 
b b.924655 
7 b.982lt. 7 
8 7,04<tb41! 
9 7,C92286 

10 7.142619 
11 7.163084 
12 7.182147 
13 7.203951 
14 7.2123!9 

- 15 7.212319 

CYCLI:: 0 TIMET o. 
PRESSURE DENSlTY 
PSI LBM/ =T3 
2253.103 47.06851 
2253.103 46.41934 
22~2.9(5 4b.26167 
2252.725 46.Cl22B 
2252.545 45 .b-:S343 
2252.3b6 45.3 .. 664 
2252.11'17 44,97312 
2252.008 44,5142<t 
22~1.830 44.2748<t 
2251.619 43.96284 
2251.42~ 43.63724 
2251.285 43, nc-89 
22~1.128 43.5~8~6 
2250.954 43.5379~ 
2250.780 43.48741 

TABLE E-111 (continued) 

VER 2 

ITER 0 DELTA TIME .lOOOOE-03 POWER AVERAGE .17172E+068TUIFT2oHR, 

EI~ERGY TEMP QUAL PlASS FLUX HEAT F.LUX 
BTU/LBII DEG F LBM/FT2*SEC BTU/FT2.HR. 
534.5000 553.0355 o. 316.3004 o. 
51t6,1082 556.2694 o. 314.0098 128790.0 
550.1475 559.5034 o. 314.0098 128790,0 
~54,5883 5b3.0589 c. 314.0098 l't1b69.0 
560.5094 567.7399 o. 314.0098 188892.0 
566,9720 572.7036 o. 314.0098 206064.0 
573.5894 577.7861 o. 314.0098 211215.b 
580,1730 582.8425 o. 314.0098 210357.0 
585,5518 58b,83bb c. 3l<t.0098 171720.0 
5'11.1991 590.9492 o. 314.0098 128790.0 
593.3488 592.5139 o. 314.0098 858bO,OO 
595.2870 593.9249 c. 314.0098 77445.72 
~97,4349 595.4885 o. 314.0098 68688,00 
598,2401 59b.0739 o. 314.0098 25758.00 
599.0453 59b.b593 o. 313.6451 o. 



w 
0 
N 

•••CHANNEL 

X u 
FTISEC 

1 b.b554bS 
2 b.b9b052 
3 b. 730314 
4 b.7b<l499 
5 b.823319 
b 6.883391 
1. 6.941593 
8 7.005067 
9 7.06l<l41 

10 7.123347 
11 7.14b59·8 
12 7.168722 
13 7.194721 
14 7.208517 
15 7.208517 

CYCLE 120 TIMf.T 1.0110 

PRES~URE. DENSITY 
PSI L811/FT3 
2239.779 47.02435 
2239.779 4b.81408 
2239.605 4b.61743 
2239.444 46.38595 
2239.282 , 4b.Ob078 
2239.117 te5.699~1 
2238.95] 45.3~854 
2238 .78~ 44.9903'5 
2238 .bU te4.66no 
2238 •. 41~ lt4.33610 
2238.22' 44.2L921 
2238.086 44.10744 
22:17.935 43.97351 
2237.765 43.<l07l6 
2237.5'14 43.8lt080 

;. 

TABLE E-111 (continued) 

VER 2 

ITER ~b DELTA TIME elOOOOE-02 POWER AVERAGE el7~4ZE+068TUIFTZ.HR. 

ENc~GY TEMP QUAL 11ASS FLUX HE AT FLUX_., 
ETIJ/LBM DEG F LBI1/FT2•SEC BTUIFT2eHR. 
~35.2055 547.7100 o. 312.9t:90 o. 
~39.4158 550.8511 o. 313.4t:-95 130818.7 
~ 43 .• 31tl1 553.9921 o. 313.71199 130818.7 
!-47. 75"1 557.5235 o. 314.0097 143900.6 
!-53.b383 562.2324 o. 314e2B74 191867.te 
~b0.0531 567.3235 o. 314.5b76 209309.9 
~66-.6340 572.3H4 o. 314.8606 2llt542. 7 
~73-.1863 577.lt033 o. 315.1605 213670.5 
HB-.5416 581.5132 o. 315.4512 17H24. 9 
~84.2357 585.8022 o. 315.82H 130818.7 
~8b.lt536 587.4152 o. 316.0170 87212.47 
~88;,5053 588.9074 o. 31b.1''40 78665.6/t 
:;9o. 88'tl 5Cl0.6376 o. 316.3711 69769,97 
~92.C3Z6 591.4723 o. 316.5055 26163.74 
·;93.1811 592.3071 o. 316.0271 o. 



w 
0 
w 

5i2~~j;HE!, 1-D 

... CHANNEL 1 

X u 
F TISEC 

~ 3.956650 
lto004551 

3 4.046059 

" lto096454 
5 1tol60848 
6 4.~367llt 
7 1to325741 
8 5.235792 
9 6.335305 

10 7. 50,3665 
11 7o'i63903 
12 8.379261 
13 8o839331 
lit 9o039blt2 
15 9. c 39b4 z 

~~NE~E~T~-K~~~R-lgRDS 5 5 ~ LU R, S + TRA~~~E~T 

CYCLE 340 TUIET i.4710 

PHS SURE DENSITY 
PSI LBHIFT3 
1393.466 46.5-6570 
1!93.1t88 46.0'9279 
1393.347 45.71589 
1393.220 45.30601 
1393.094 "". 7~597 
1392.968 4lt.2716G 
U92 .843 43.72139 
1192.721 40. 91t6 74 
1392.567 37.1b968 
1392.398 34.88714 
1192.239 34.73524 
1392 .lit 7 34.74570 
1)92.051 34.85551 
1391.944 35.117872 
1391.854 36.90192 

,--. 

TABLE E- iiI (continued) 

VER 2 

ITER 53 DELTA TIPIE o50000E-OZ POWER AVERAGE o2145ZE+068TU/FT2oHRo 

ENERGY TEHP QUAL HASS FLUK HEAT FLUX 
BTUHBH DEG F LBHIFT2•SEC BTU/FT2oHRo 
537.0463 547.0599 o. 184.3326 o. 
546.2869 552.4186 o. 184.5809 160893.2 
553.2427 557.7773 o. 184.9692 160893.2 
560.2232 .563.1550 o. f85.5940 176982.5 
5b9.2601 569o9161t o. 86.3892 23597b.7 
578.3698 576.5623 o. 187.5b61 25H29.2 
586.8967 582.7828 o. 189ol27lt 263861t.9 
5~4.4171 586.3641 lt.91997bH-03 2H. 3887 2b2792.3 
598o8b77 586.3496 1o3762740E-02 Z35.lt81Z 2llt5H. 3 
602.0164 586.3336 2.0032810E-02 261o78llt 160893.2 
602.2221 586.3187 2o01t78308E-02 Z7bo6281 107262.2 
602.1949 586.3100 2 o0446873E-02 291.1433 96750.46 
602.0197 586.3010 2.0123407E-02 308.0994 85809.72 
6v0o5334 586.2909 1o7Z09595E-02 321t.3307 32178.65 
599.0471 586.2809 1o429578ltE-02 333.5601 o. 



ThBLE E-111· (continued) 

5 i~~~PHEt 1-D gENE~ETT:-K~f~R-L~RDS X5 WR CLU R, S • TRA~g~Ehr 1/ER 2 

•••CHANNEL CYCL~ 46J TIMET 2 o0710 ITER 
' 

44 DELTA TillE .500COE-02 POWER AVERAGE ~18076E+06BTU/FTioHRo 

X u PRES)URE DENSITY ~NERGY TEHP OUAL HASS FLUX HEAT FLUX 
FTISEC PSI LBHIFT3 BTU/LBH DEG F LBHIFTZ•SEC BTUIFTZoHR. 

1 3.264311 135'.213 46.56179 537.1880 51t6,5262 o. 151.9921 o. 
2 3.30it8"!3 135'.213 45.·~oti20 54a. 3204 553.7991t o. 151.9191 135573.3 
3 3o31tl3Z8 1354.049 45.1t:l541t 557.7803 561.0727 o. 15lo811t7 135573.3 
It 3.384122 1353.9011 41toB39C6 56-3.0375 568.8203 c. 151. HOB llt9130. 7 
5 3oltlt26o9 1353.755 ltlt.Ob359 58lo3158 578olt913 o. 151o69blt 19881t0o9 
6 4.232938 1353.622 36.91711 59tt.3<i07 5B2o61t36 loltlt06't7H-02 156.2697 216917olt 
7 5olt355.~8 135). 486 29.47627 605.3826 582.6305 3,786B<t22E-02 160.2191 222340.3 
8 6.621007 1353.351 Zit, 75511 61:7.7268 582.6176 6o0062511E-02 163.9053 22llt36. 5 
9 7.5979~7 1351.222 22.05734 62&. 3e-ltl 582.6051 7.7004BllE-02 167.5905 180761t.5 

10 8.61tlt2~3 1351.083 20.02355 631t.41t90 582.5917 9, 2 790242 E-02 173.0886 135573.3 
11 9.062856 135Z.91t5 }q,lt6b40. 636.9262 582.5785 9. 7659021E-02 l76oltlt39 90382.23 
12 9.1tlt5071 1352:.856 19.06227 638.8363 582.5699 o1011t091 1BO,Oit't5 Bl521to 77 
13 9o8765JO 1352:. HB lB. 73192 640.4451t 582.5605 .1045731 185.0058 72305o79 
lit 10.08518 l35l.646 18.9031t3 6 3-9.5780 5B2,51t97 .1029027 l90.641t5 27lllt.67 
15 10.08518 1352:. 5~0 19.0749~ 63~.7106 582.5388 .1012323 192. 371t3 o. 



··~i 

,, 

TABLE E-III (continued) 

5 ~2~~PHEl, E~NE~EJT~-K~~~R-L~RDS rRA~~~E~T VER 2 
1-D ~ 5 ~ lU R, S + 

•••CHANNEl 1 CYCLE 560 TIMET 2.5710 ITER 44 DELTA TIHE .50000E-02 POWER AVERAGE el634~E+068TU/FT2.HR, 

X u PRESS,URE DENSITY ENERGY TEHP QUAL HASS HUN HEAT FlUX 
FT/SEC PSI lBPI/FT3 BTU/LBH DEG F LBH/FT2tSEC 8TUIFT2,HR, 

1 3o68591H 1303.501 46.53440 537.3061 545,9517 o. 171.5253 o. 
2 3, 7230H 1303.5D1 46,05142 546.2871 551.9973 o. 171.4512 122576.3 
3 3,754620 1303.333 45.6;!262 554.1719 558.0429 o. 171.29511 122576.3 
4 3, H3519 1303.182 45.08231 563.1841 56~.9530 o. 171.0206 134833.~ 
5 3.843536 1303.033 44. 3'i750 575.30115 573.8524 o. 170.6434 1 H778o6 
6 4.533327 13·02. 8 911 37.3:324 587.5584 577.6922 1.3423419E-02 169.1531 196122.1 
7 5.666045 13-02.761 29.56945 599.45d9 577.6788 3.6340908E-02 167.5418 201025.1 
8 6, H07BO 13()2 .628 24.49518 611.3358 577.6657 5.921U325E-02 166.0965 200207.~ 
9 7.698757 1-3.02.503 21.4~661 621.2801 577.6533 7o8360168E-02 164.8828 163'135.1 

10 8oM05H 1302.373 18,tl5397 1132.0351 577.6404 9.9068364E-OZ 1113.6626 122576.3 
11 9.073016 1302.248 17.H680 636, HH 577.6280 o1 07tt8 38 163.1219 81717.53 

u 9.430529 1302.168 17.25643 640.3372 577.6201 .1150746 162.7372 73709.21 
9o83ZH7 13C.Z, 08 3 16.52701 64o4t,66~2 577.6116 o123'tll7 162.5031 653Ho02 

:1.4 10.02465 1301.987 16.21391 646.6313 577.6022 .1272135 162.5387 21t515.26 
15 l0.024b5 1301.899 15.~0081 6'o8. 5985 577.5927 .1310153 159.3999 o. 

; 



w 
C) 
0'1 

SHRR-PE! . A P E , 1-D 

••*CHANNEL 1 

X u 
F Tl SEC 

1 4.10761'1 
2 4.1420b6 
3 4.169868 
4 4.203509 
5 4.2518:30 
6 to.749430 
7 5.8347·)4 
8 6.900875 
9 7.779928 

10 8.7219:10 
11 9.101060 
12 9.446400 
13 9.834864 
14 10.02473 
15 10 • C2473 

~ENEDE~Tl-K[S~R--~RDS X5 PW LUll ~, S + TRA~~~E~T 

CYCLE 66J TIIIET 3o071() 

PRES)URE DENSITY 
PSI LBI1/F T3 
125<:.976 46."5•:1684 
125<:.976 lt6o1•:l985 
125<:.8C4 45.77735 
125<:.65() 45.36483 
1252.496 lt4.78493 
125Z.351 39.94147 
125Z.208 32.25193 
125~.0l:1 27.01128 
125:.922 23.72315 
125:.716 20.87042 
1251.6'0 19.84497 
1251.5~2 18.97232 
1251.4~8 18.05211· 
1251.3~4 17.54860 
12~1·2~·9 17.04510 

TABLE E-III (continJed) 

VE.R 2 

ITER 39 DELlA Tli1E • 500006.-02 POWER AVERAGE ol4865E+ObBTU/FT2.HR. 

ENERGY TEMP QUAL MASS FLUX HEAT FLUX 
BTIJ/i811 OEG F LBI1/FT2•SEC BTUIFTZ.HR. 
5H. lt242 545.6953 o. 191.C31t8 o. 
~4.:..6754 550.5239 o. 190.9900 111490.0 
55).9910 555.3525 o. 190.8855 111490.0 
553.1<;21 560.8581 o. 190.6915 122639.0 
56.7. 9257 568.2074 o. 190.4202 163518.7 
573.1281 572.6097 1. 8118 2 b'il: -o 3 189.7012 178384.0 
5~7.8994 572.5951 2o63<;839l:-02 188.1805 18281o3o6 
5~7.7442 572.5801 4.506344;:-o2 186.4015 182100.Io 
606.1382 572.5659 o.OH956~::-oz 184.5644 148653.4 
61~5.-;634 57?.5512 7.8646553E-C2 162.0314 111490.0 
619.6008 572.5371 8.6516 761'tE-02 180.6102 74326.68 
623.3863 572.5281 9.3698560E-02 179.2201 67042.67 
bU. 7753 572.5185 .1020231 177.5400 59461.35 
63-0.3633 572.5079 .1069420<. 175.9200 22298.01 
BZ.'f513 572.4973 .1116608- 170.8725 o. 

\·, 

.; . 



w 
0 
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• 

s~~RR-Epr A PL It, 1-D 

•••CHANNEL 1 

X u 
FTISEC 

1 lt.362263 
2 4.3950!15 
3 ltolt20549 
it. lt.lt50979 
5 ". 495471t 
6 5.106729 
7 6.170818 
8 7.216303 
9 8o080161t 

liO 9.009090 
lll 9.385788 
ll2 9.7291t06 
!1.3 10.11676 
lit 10.31162 
15 10.31162 

BENE~ETT~-K!~ER-L~RDS 5X5 WR LU ER, S + TRA~~~Eh 

CYCLE 760 TI HET 3.5710 

PRESSURE DENS 1 TY 
PSI LBP1/FT3 
1202olt62 46.1t7903 
1Z02.1t62 46.13..237 
1202.291 45.86()55 
1202.136 45,5}150 
1201.982 45.05-016 
1201.836 4CI.lbl93 
1201.682 :B.It0ft95 
1201.522 28.59339 
f201.370 25.50.2 51 

201.209 22.76-838 
1201.053 21.78-370 
1200.954 20.93.ft95 
1200.Bit7 20.0lCtlt7 
1200.728 19.52:865 
1200.616 19.0 3.2 8 3 

TABLE E~III (continued) 

VER 2 

ITER 37 DELTA TIHE • 5CIOOCE-02 POW~R AVERAGE o13B79E+06BTU/FT2.HR. 

~NERGY TEHP QUAL HASS FLUX HE AT FLUX 
BTUILBH DEG F L811/FT2•SEC 8TU/FT2oHRo 
537.51t23 51t5.H58 o. 202.7537 o. 
543.7377 51t9.5681t . o. 202.7557 101t095.3 
51t9. Ollt8 553.5910 o. 202.7288 101t095o3 
551t.91t67 558.1127 o. 202.6598 lllt501t.9 
562o91t86 561t.Zl26 o. 202.5218 152673.1 
571.2325 567.3713 7o5896764E-03 205.0961 166552.5 
579.1794 567.3550 2o21t21t687E-02 206.1359 170716.3 
587.1254 567.3383 3.7257536E-02 206.3386 170022.4 
593.8071 567.3222 lt.9733886E-02 206.061t5 138793.8 
601.2295 567.3052 6.3589707E-02 205.1221t 101t095o3 
604.31t45 567.2888 6 • 91t2'15llt E-02 201t.lt572 69396.88 
607.2715 567.2784 7olt895901E-OZ 203.681,6 62595.99 
610.6881 567.2671 8.1280127E-02 202.5826 55517.51 
612.6731 567.2546 8.5001972E-02 201.3720 20819.0& 
611t.658.1 567.2420 8,8 72 3 818E-02 196.2593 o. 



.. w 
0 co 

._./ 

)t2~~pf~E~, 1-D 

... CHA~NEL 1 

X u 
FT/SEC 

1 4.452983 
2 4.484848 
3 4.50<;277 

" 4.53E275 
5 4. 58046 
6 5.55f.083 
1 6.bO'i549 
8 7.639637 
9 8.493911 

10 9.4lt.972 
11 9.79(•250 
12 10.13304 
13 10.52023 

H 10.71860 
10~71860 

<. 

• 

~~~E~~~~~r5~i~~;L~~DJ TRAD~~EA-

peL~ 840 TIHET 3.9110 

PRI:SSURE DENSITY 
PSI L8H/FT3 
1162.010 46.45b57 
1162.010 46.12784 
1161.837 45.1H43b 
11!!:1.682 45.5719b 
nu. 527 45.13542 
1l:bl.384 37.84646 
llb1.217 32.17337 
1lb1 .• 05b 28.01308 
1Le.o.:399 Z5.307b4 
11«>0.732 22.91323 
11«>0.569 ZZ.Ob12b 
1lb0.464 21. 3H29 
11t>O. 351 20.56610 
llco. 224 20; 18477 
1160.106 19.B031t5 

TABLE E-I II {continued) 

VER 2 

ITER 37 DEL 1A TIHE: • 5000C.E-0.2 PO'oiER AVERAGE .13223E+06BTU/FT2~~~· 

ENERGY TEMP QUAl MASS FLUX HEAT FLUX 
ETU/LBH DEG F L8H/FT2•SEC BTU/FT2oHR. 
~37.b3b8 545.3954 o. 20b.8703 o. 
~43.4099 549.1286 o. 20b.81b4 99113.70 
~·48. 3030 552.8617 o. 20b.8602 9'H13.70 
~·53.75cH 557.0237 o. 20b.6181 1090H.1 
~61.0b99 5b2.b026 o. 20b.7359 145454.8 
~68.1858 5b3.0540 1.1995123E-02 210.3539 158677.9 
575.3160 563.0359 2.51457l~te-o.z 212.5871 1b2644.9 
562.3791 563.0184 3.8170290E-02 214.0097 161983.7 
588.2135 5b3.0015 4.8933621E-02 214.9b09 132231.6 
591..5253 5b2.9834 bo0575905E-02 215.7214 99113o7fl 
597.0674 5b2.9b58 bo5286451E-C2 216.041t0 66115.80 
599.41b1 562.951t5 6.9628019E-02 216.2520 59b3b.45 
!>02.1078 562.9422 7.1t601562E-02 216.3601 ·52892.64 
b03.1t9b5 562.9285 7.718291t2E-02 216.3524 19834. 7lt 
b0it.8852 5.62.9147 7.97b4321E-C2 212~Zb52 o. 

! 
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