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SUMMARY

This report describes the FIBWR computer code, which was developed to provide an
accurate and convenient steady-state core hydraulic simulator for BWR core reload
design and licensing calculations.

In a BWR, the power distribution is closely coupled to the coolant density.
Because BWRs are undermoderated, the neutron flux and power are sirongly influ-
enced by local variations in the steam void distribution, which is a direct
function of the power-flow dist-ibution in the core rey.on. Thus, a synerjistic
relationship between flow and power exists in a BWR core. FIBWR provides the
capability to accurately predict the flow distribution for a given power distri-
bution. The total flow entering the lower plenum splits into an active component
and a bypass component. The active component (referred to as active flow) flows
up through the fuel channel. The bypass component (referred to as leakage or
bypass flow) flows through the interstitial regions that surround the fuel channel.
The leakage rate to the bypass is dependent on the pressure drop across the core,
which is in turn dependent on the active-bypass flow split. A BWR hydraulic
simulator must accurately predict the pressure drop, flow, and void distributions
over a large range of power-flow operating conditions.

The FIBWR code incorporates a detailed geometrical representation of the complex
fiow paths in a BWR ccde and explicitly models the leakage flow to the bypass.
FIBWR includes a selection of widely used and recently developed models avail-
able at user option to calculate the following: (a) void fraction in both the
subcooled and bulk boiling regions, (b) the location of the onset of subcooled
boiling, (c) flow quality as a func*ion of equilibrium quality, (d) single-phase
friction factor, (e) two-phase friction multiplier, and (f) two-phase local loss
multiplier. These models have been reviewed and qualified against the latest
multirod pressure drop and void data. The FIBWR code has been verified by
analytic studies and comparisons to other thermal-hydraulic codes. Benchmark
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comparisons of FIBWR predictions with measured data for the Vermont Yankee reactor
have shown excellent agreement.

This work was partially sponsored by FPRI under RP1754-1, with Yankee Atomic
Electric Company being the prime conti-actor.
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Section 1
INTRODUCTION

The FIBWR code evaluates the flow and void distribution within a boiling-water
reactor (BWR) -ore by solving the steady-state one-dimensional equations of con-
tinuity, momentum, and energy. FIBWR computes the coolant mass flow rates in
each channel and in the bypass region for either a given total core mass flow
or specified total core pressure drop.

FIBWR has great flexibility to handle the varied geowetrical configurations of
currently operating BWRs. The FIBWR code mudels the core of a BWR as up to one
hundred parallel flow channel types plus a bypass region. Each channel type has

a user-specified geometry and power distribution. The detailed geometric modeling
of each fuel assembly includes the effects of the inlet orifice, fuel support
piece, lower tie plate, unheated fuel regions, grid spacers, water tubes, upper
tie plate, and chimney. Three bypass flow paths located after the orifice but
before the active fuel region and up to eight bypass flow paths dependent on the
core support plate pressure differential are allowed. A1l bypass flows are lumped
into 2 single flow region representing the average bypass; however, as a supple-
mental calculation, a hot bypass region may be calculated using user input power
and flow penalty factors.

Since there are numerous medels available in the literature that describes void

and pressure loss relationships of two-phase flow, several options have been incor-
porated which, in the opinion of the authors, represent the best of the widely
known models. The user may select among several models for each of the following:
initiation of subcooled boiling, relation of flow quality to equilibrium quality,
relationship of void fraction to flow quality, single-phase friction factor, two-
phase multiplier for frictional losses, and the two-phase multiplier for local
(form) losses. The FIBWR code computes the acceleration, frictional, local, and
elevation pressure iusses in each channel based upon the above models and sums

them to arrive at the axial pressure distribution in the channel. The code defaults
to the recommended models; however, the usar has the option to specifv fifferent
models.
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The fcilowing assumptions ire basic to the solution methodology:

1. Static pressure at the inlet and outlet plenums is uniform fcr all
channels,

2. Subcoolea or saturated inlet conditions,
3. One-dimensional upward vertical flow in each flow channel,

4. Constant, uniform pressure for the evaluation of water properties.

The assump*ions simplify the numerics of tne equations considerably. For steady-
state conditions at high system piessures, the impact on calculational accuracy
of these assumptions is slicht. Although it is well known that one-dimensional
equations cannot completely describe the complex patterns of two-phase flow, the
effects of these patterns have been incorporated in the thermal-hydraulic models
and input coefficients for predicting flow quality, void fraction, and pressure
drop.



Section 2

CALCULATIONAL METHOD

The pressure drop and flow distribution is obtained by an inner/outer iteration
technique. The methodology used is illustrated in Table 2-1. Typically, the
code is required to determine the core pressure drop and flow distribution for

a given core flow. An initial estimate c€ core pressure drop is input by the
user or internally calculated. On the inner (i .rations, the flow in each channel
type is adjusted until the desired pressure drop is reached. During this process,
the variation in leakage flows to the bypass and the water tubes is calculated,

and the total flow which passes through the orifice, lower and upper tie plates

is obtained. When converged to the estii a.>d pressure drop, the flows from eack

of the channels and the bypass regions ae summed to obtain the total core flow,
which is compared against the required core flow. The outer iterations adjust

core pressure drop until convergence is obtained. Alternately, the user may require
the code to determine the core flow for a given core pressure drop. Here the
calculational scheme is identical, with the exception that only inner iterations
need be performed.




Table 2-1

FIBWR EXECUTION METHODOLOGY DcSCRIPTION
FLOW CONVERGENT CASE

Step

An estimate of the core pressure drop is user input or automatically computed
using total core parameters such as the total mass flow rate and power level.

The initial estimate of the channel flow splits is made on the basis of the
inlet orifice coefficient for each channel. If the pressure drop guess is
user input, the initial guess of channel mass flows will be equal in all chan-
nels. Saturated water density is assumed for the bypass.

For a given channel the energyy equation is solved, b~ integraticn up the chan-
nel to yield the axial .istribution of equilibriun gquality.

The flow quility and void fractisn distributions are calculated in the channel
as a function of the previously computed equilibrium quality.

The heated region pressure drop is evaluated next by integration of the two-
phase flow momentum equation up the channel.

The pressure differentials for the leakage paths are determined, and the water
tube flows and bypass flows are evaluated. The pressure drops for the unheated
regions are computed consistent with the total flow, which passes through the
orifice, tie plates, and other unheated zones. The heated and unheated region
pressure drops are now summed to obtain the channel pressure drop.

6. The channel pressure drop computed above is compared to the core pressure drop.
If they are not equal to within a user-specified degree of accuracy, a new
estimate of channel inlet velocity is made, and execution returns to step 2
ayove. If the pressure losses agree, execution again proceeds to step 2, but
this time the hydraulic conditions in a new channel are calculated. When the
conditions in all channels in the core have been calculated, the bypass eleva-
tion head s reevaluated, and execution proceeds to step 7 below.

7. Now that all channel mass flows are known, the total computed channel mass flow
is compared to the required core mass flow (user input). If the values agree ‘
to within the required ac uracy, execution proceeds to step 8, below. If not,

a new core pressure drop 1S guessed, and execution once again returns to step
2, where the whole process starts once again.

8. Now that all core hydraulic conditions are known, the output summary and other
parameters such as CPR arr calculated and printed.

2-2



Section 3
FIBWR REPRESENTATION OF THE REACTOR CORE

The FIBAR code does not solve for each fuel assembly discretely; rather, up to
one hundred characteristic channel types are used to represeit the hydraulic and
power distribution variations preseat in the core. The use- must specify the
geometry, power distribution, and number of channels present in the core of each
char acteristic channel type. If the user requires a detailed hydraulic solution
for each assembly, a “"character ‘stic channel analysis" may be performed to deter-
mine the core pressure drop, and subsequent pressure drop convergent cases may
be run to analyze the individual channels. It is therefore essential to salect
characteristic channels that have the same geometry, leakage coefficients, hy-
draulic resistance coefficients, and representative axial and radial power distri-
butions of the channels they typify.

The input defines the characteristic channels in detail. Hydraulic descriptions
of the orifice, lower tie plate, grid spacers, upper tie plates, and, where appli-
cable, water tube inlet and outlet holes are represented as being separate and
distinct local losses. Bypass leakage coefficients describe the fuel support-
lower tie plate flow path, channel-lower tie plate flow path, and lower tie plate
holes for each channel type. Additionally, the user may input bypass leakage
coefficients for up to eight "common" bypass leakage paths (i.e., leakage paths
whose flow is solely dependent on the core support plate pressure drop). For
each channel, tne active flow area and water tube areas, and the axial elevations
of the local restrictions (e.g., tie plates, grid spacers) are input. The axial
elevation data describes five axial zones for cach channel: the height from the
core support plate t¢ the bottom of the rodded section, the lower unheated rodded
section, the active fuel section, the upper unheated rodded section, and the upper
unheated unrodded section (chimney). The grid spacer elevations are input as

a fraction of the active fuel length. The elevation of the or fice below the
core support plate is an additional input which is common for tie core.

The power distribution data are presumed known and are supplied as input to the
FIBWR code. The input is supplied as radial peaking factors and axial peaking
factors (normalized power distributions) for each channel type. The number of
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axial nodes i3 an input; up to 25 axial nodes are allowed. The axial peaking
factors input should be node-averaged values. The code searches for the highest
and lowest active fuel elevations; the axial nodes uniformly span the distance

in between. An option is available to adjust the input axial power factors to
the reference active fuel length for cores with mixed length fuels. Both radial
and axial powers factors must be normalized to unity. The code checks the nor-
malization, and the case terminates if the normalization is in error by more than
0.05 percent. An option is available to proceed with the calculation regardless
of input errors or power distribution misnormalization.




Section 4
DESCRIPTION OF FIBWR EQUATIONS AND MODELS

The total pressure drop for each cham.2l is calculated as the sum of the individual
pressure dr.n components: friction, local (form) loss, acceleration (momentum
change), and e:ovation. Acceleration and elevation can be evaluated once the

flow quality and void fraction have been determined. The friction and local loss
terms require inpui coefficients and models to account for two-phase effects.

The details of the models contained in the FIBWR code are discussed below.

4.1 QUALITY ANC VOID FRACTION

FIBWR calculates both the thermodynamic equilibrium quality and the flow quality.
Equilibrium quality,‘<xeq>, is determined from the following relationship:

<xeq> = (Hy - Hsat)/Hfg ) (4-1)
where H; is the bulk enthalpy of the node of interest. <xeq> can be positive

or negative. This is the quality that would be obtained if the flowing mixture
were removed adiabatically, thoroughly mixed, and allowed to reach thermodynamic
equilibrium. The flow quality is tF true fraction of vapor that exists in the
flowing mixture, defined as the ratio of vapor mass flow to total mass flow.

It is always positive ard less than or equal to unity. Typically, flow and equili-
brium qualities are nearly equal for the high void elevations of a BWR fuel channel;
they differ in those regions where subcooled boiling conditions exist. FIBWR

uses the EPRI (1) model to predict the point of bubble ceparture; the Saha-Zuber

(2) and Levy (3) models zre available as options.

The EPRI subcooled void formation model (1), developed by Lellouche and Zolotar,
is based on a mechanistic model. FIBWR contains Zolotar's simplified version of
this model, which has been shown to be in agreement with the mechanistic model for
steacy state conditions. According to the EPRI model, the temperature, T

departure’®
at which subcooled void formation begins, may be found by:
” v .8 -Valan (4-2)
SAT ~ ‘departure ZA




where,

)2

>
"

QHB (HD8 + HHN

2 .
B = 2Hpg (Hy *+ “os/“ + 89" Hy (Hyy + Hog)

2
C=q" (‘“B q" + Hoe)
given

T = temperature - °F

q" = wall heat flux at point of departure - Btu/hr-ft2
p = Pressure - psia

Re = single phase Reynold's number

Dh = hydraulic diameter - ft

Pr = Prandt] number

K = thermal conduct™ "ty - BTu/hr-ft-°F

and,
_ 0.662
HHN CHN (Re) Pr K/Dh
= 0.8 004
Hpg = Cpg (Re) “""Pr" K/D,
Hy = exp [P/sao] /(0.072)2
where,
0.023 for channels and tubes
Cog = {0.0335 40,013 for rod bundles and annuli
Cow = {0.2 for channels and tubes v
HN 0.2 Dh/& popp fOr rod bundles and annu
€ = fraction of area available for flow
- Aflow / [Aflow * Arod]
RODD = heated rod radius - ft

Aflow = flow area - ft2
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§ 2 _ 642
Arog = Meog ™ RODD® - ft

“rod = number of heated rods
The following calculational procedure is used to determine the flow quality once
the equilibrium quality distribution is known. For each node, starting at the
channel inlet the calculational procedure is,

and

1. Evaluate Tdeparture Jsing Eq. 4-2, from wh'ch h

<xeqdeparture> may be calculated.

departure

2. If the mixture enthalpy is less than h

set <X > to zero
and proceed to the next node. e’ flow

departur

3. K hdeparture is less than hinlet then set <xeqdeparture> equal to

<Xed;n et

4. Compute the flow quality using the hyperbolic tangent profile fil:

[ <Xeq>
<Xﬂ°"> = <Xegq> - <Xquep> -l-Tanh(l - —rj——>)]

“A€q4ep

1- <Xeqdep> H-Tanh(l - ;%%%i—ﬁ;)]
! e

5. If the difference between the flow and equilibrium qualities is less
than 0.001 then they are set equal to each other for all subsequent
nodes.

6. Evaluate the next node by returning to Step 1.

The equations for the Saha-Zuber and Levy models can be found in their original
references, or i~ Table 5-1 of Lahey and Moody (4), For these models, FIBWR uses
an exponential profile fit of the form suggested by Levy (3) to calculate the
flow quality:

3

: e
Yerow” = Yegq” - <xeq;e arture - 2123; - e
P qdeparture »

Once the flow quality has been determined, a void-quality relationship is used
to determine the void (vapor volume) fraction. The relationship betw-en the void

4-3



fraction and quality in a flowing system is depeadent .pon the phasic densities
and the relative velocities of tiie two phases. The fundamental void quality rela-
tion (exact) is:

P <X>

e -
<+ 5 A (1<) (4-4)
L

where

<a> - void fraction

S - zlip ratio = !!_ . mass-averaged vapor velocit

mass-averaged Iiquid velocity
L

<X> - flow qua’ity

og. Py - densities of vapor and liquid

Hence, in order to relate void fraction to quality, one need only know the slip
ratio, S. The homogeneous model assumes a constant slip ratio of 1.0. However,
because S is dJifficult to define for a system in general, it has been customary
to define two more basic parameters, Co and VgJ.

Co’ the concentration parameter, quantifies the effect of the radial void fraction
and velocity distributions, while ng, the drift velocity, is a measure of the
Tocal velocity differences between the phases. An alternate (exact) void quality
relation was derived by Zuber and Findlay (5):

<a> = <X> (4-5)

P p, V
% [<X> + 4 (1-<x>)] + 4 ai
Py

G

We are now left with the task of defining ng and Co instead of S in order to
relate void fraction to quality. Most experimenters have chosen to correlate
C0 and ng instead of slip ratio.

CO has a value of unicy if the liquid and vapor phases are uniformly distributed.

If the vapor is concentrated in the high velocity or central flow regions, the con-
centration parameter is greater than 1. It is less than 1 if the opposite is true.
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Historically, a value of Co = 1.13 has been found appropriate for fully developed
annular flow. In fact, both the Zuber-Findlay (5) and Levy (6) void-quality models
specify a constant Co equal to 1.13. However, Co must be a functic: of flow regime,
and should tend towards one in single-phase vapor flow.

The drift velocity, vgj, may be modeled by considering a bubble rising in a ligquid.
A balance of forces gives the terminal rise velocity as

Z

Py = P 0.25
Uy = Ky [‘ £ P90 ag] siny , (4-6)
o

where

S
i

= surface tension, lbf/ft

gravitational constant, 32.174 lbm/sec2

32.174 byt
lbf-seu

e}
"

“i
(o}
"

>
"

3 experimental constant

wm
"

angle with the horizontal.

For vertical flow it is often assumed that the drift velocity is proportional
to the terminal rise velocity.

Lellouche and Zolotar (1) recommend - iterative technique, referred to as the EPRI
model, to determine C0 and vgJ. C., the concentration parameter, is determined
as follows:

- -7
C LN/A (4

ol

where

A= Ko - (l-Ko) <a>’

r= (1 +1.57 og/p,) /- k)
o %
Ky = K+ (1-K) ( 3/21)
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; e F
"1 MIN (Kl . “1)

F 1

1 1 + exp [- Rgfidsl

6 =« J0.8 for cylinders, annuli and rod bundles
1 0.72 for channels

K

L { 1 <> = 0.0
N 1-exp [-C <as) <> > 0.0
4 p2
C, = 378
1 P !FC-FS
Pc = critical pressure, psi

P = pressure, psi

The drift velocity, ng. is given as:

L
(0g-0g) 999¢ |* cing (1-<as)/? (4-8)

aj ° 1.41 4;?
L

v

This is equivalent to Eq. 4-6 for the bubble terminal rise velocity if K, is set
equal to 1.41 (1- <u»)3/2,

In the above equations, Co and ng are functions of the void fraction, «> To

facilitate the iterative solution, these equations are rewritten as follows:

given
[ p v
YF = (1-<X>) - [? e 5. B )] (4-9)
Py N
then
il Ly 2 0.2 (4-10)
(1 + YﬂﬁXﬂLn
<> =

\/ — LN <0.2 .
(1 + YFfxs)Cq
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The void fraction,«)y, is adjusted until the new value is within 0.001 of the pre-
vious value, or the maximum number of iterations (20) has been exceeded.

Dix (7) developed a model for Co which goes to zero as flow quality goes to zero
(as in subcooled boiling where the bubbles cling to the heating surface) and which
also goes to 1 as quality goes to 1 (as in single-phase vapor flow), and is greater
than 1 for annular flow. The Dix model is:

C, * e(x + (% . 1)") (4-11)
where
b= (cg/ol)o‘1

<X>
<> + % (1-<x>)
o

For the drift velocity, Dix chose the value

(pp=pq) ©
ng = 2.9 .Fﬁg.z.__ggi sing (‘_12)

2 -
which is equivalent to Eq. 4-6 with K3 = 2.9

The recommended model in FIBWR is the model proposed by EPRI. The homogeneous, Dix,
Zuber-Findlay, and Levy models are available as a user option. The Zuber-Findlay and
Levy models, define Co and K3 (Eq. 4-6) as empirical constants. The relationship
between the models for the values of Co and Ky is shown in Table 4-1 below:

Table 4-1
VOID MODEL CONSTANTS

Aporopriate Choice of Parameters

Mode Co K3

EPRI variable 1.41 (1-‘a>§3/2
Dix variable 2.9
Homogeneous 1 0
Zuber-Findlay 113 1.41

Levy 1.13 1.18
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A graphic cemparison of the void quality as predicted by several of these models
is presented in Figure 4-1.

4.2 FRICTION PRESSURE DROP

The frictional pressure losses are correlated in terms of the single-phase velocity

head:
sz 68 & (4-13)
Apfric = f U; 73:5; 2-phase friction
where
f = the single-phase Darcy-Weisbach friction factor,
gt .
= -ph
7;:3; the single-phase velocity head,
6 = mass flux, 1b /sec-ft’,
o, = iquid density, 16 /ft’,
lbm-ft
g * 32.174 b——-z- :
I '-SGC

and 2 = the multiplier to account for two-phase effects.

Three models have been included in FIBWR to predict the friction factor f. The
recommended model is the well-known Clausius (8) relationship:

f = A Re® (4-14)

where
A and B = input coefficients,

Re = the single-phase Reynolds number .

The second model is a fit to the Moody curves (8):

f = 0.0055 [}.o + (20000¢/0, + 106/Re)1/3} (4-15)
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Figure 4-1. Void Fraction vs. Quality at 1000 psia, G=1x106 1bm/hr ft2



where
¢ is the surface roughness, and

Dh is the hydraulic diameter.

The third model is the Co’_brook equation (8):

L. 174 - 2 Logy [%E . _ILJ.] (4-16)
Ve n Re VT
This expression must be iteratively evaluated.

2
There are four twa-phase friction multiplier (¢2-phase friction) models in FIBWR,

The recommended mode! 1s the modified Baroczy (9, 10) which is graphically presented
in Figures 5-16 and 5-17 of Lahey and Moody (4). The second mode]l is the homogen-
eous flow relationship:

2 Py
¥2-phase friction = 1 * "’( Py 1) (8-17)

The third model is the Jones-Dight (11) fit to the Martinelli-Nelson curves (12):

2 -
%2.phase friction - ®*P [kEl ay | u);] (4-18)

where

w = gn[100(<x >+ 0.01)]

?
a, =& i
k " feg Ciq (P71000)

The matrix of (untruncated) coefficients Cki is as follows:

i K

1 2 R e et o
0 2.5448316 -0.51756752 0.10193956 -0.0080606798
1 -7.8896201 1.9550200 -0 37233785 0.026160876
2 15.575870 -0.96886164 -0.19025685 "~ 060288725
3 -17.340906 -4.6129079 2.2654839 -0.32426871
a 10.409842 8.4910340 -3.4925414 0.46553847
5 -3.2044877 -5.9583098 2.3299085 -0.30333482



6 0.42484805 1.8989183 -0.72534973 0.093379834
7 -0.010804871 -0.22867680 0.086169847 -0.011021915

The fourth model is the Martinelli-Nelson with a mass fliux end pressure correction:

¢ . o "
2-phase friction Martine!li (4-19)
Nelson
where
0.5p G 0.714P , G G
1.36 + + 0.1 ( ) - (= ) < 0.7
i ey wf ) T e e g8
€ 6
0.4P 10 0.28P ,'3 G >0.7
l.Zﬁ-m +..119 (T) * Y500 ‘T)‘ H‘
The fifth model is the Chisholm (13) relationship:
(4-20)
2 . 2_ m (2+48)/2 (2+8)
’Z-phase friction 1+ (r ”[EG (<X>{(1<x>})) +<X>

where

B - constant as in Blausius relationship
e.g., f= A(ReB)
0.5 -B/2
°q My
» = liquid or vapor density, lbm/ft3 or Kg/m3
u = liquid or vapor viscosity, lbm/ft-sec or Kg/m-sec
6 = mass flux in Kg/sec-m@

E, m are input constants. (see Reference (13) for typical values of E and m).

Figure 5-18 of Lahey and Moody (4) presents a graphic comparison of several of
the two-phase friction multiplier models.



4.2

LOCAL “OSSES

The Inca) pressure drop is defined as the irreversible pressure loss associated
with an area change, such as an orifice, tie plate, or grid spacers. The general
local pressure drop equation is similar to that for friction pressure dro’ :

i y 3
8Procar = K 2—5—— °2-ph¢se local (4-21)

9P

where

K = the single phase form loss coefficient

2

7-5—- = the single-phase velocity head,
9Py

2
°2-phase local = the two-phase multiplier for local losses.

The loss coefficients are determined empirically or from hanavooks of hydraulic
resistances, such as Idel'chik (14), and are user input. The FIBWR model assumes
that the local losses are zero thickness restricticns. “his implies that the

K should reflect the net static pressure loss superimpcs:d on the fully developed
pressure gradient:

Orifice,
tie plate,
or
grid spacer
Static pressure profile

Static |~ l | : if no orifice or spacer
pressure ‘-\\f‘.\ ' present

-~ ¥

' I r\‘q// 6 2
. ‘ \ =
l | e o A 23,0, 2-phase Toca]
1 ~
.‘_\‘+

/
/

— e —————

Actual -~tatic pressure

Height profile



It should also be noted that the G in the above expression is based on the channel
flow area. Coefficient values ror orifices, tie plates, and spacers which are
based on the restriction flow area must therefore be corrected:

2

A
channel flow (4-22)

1
K" = K
actual A

restriction

Similarly, the coefficients for inlet and outlet holes for the water tubes must
be corrected:

AZ
1 water tube (4-23)

N Kactua]

inlet or outlet water tube holes
The FIBWR code has three models for the two-phase local loss multiplier.

The default model is the modified homogeneous expression:

2 2
$2.phase local = 1+ (E) <X><% 3 1) (4-24)

where

E = an empirical adjustment factor. A separate value of E may be input
for spacer grids and the upper tie plate.

The homogeneous expression is obtained by setting E equal to 1.0.

The second model is a version of the Janssen (15) model modified hy Weisma: (16).
Janssen's local loss multiplier for short restrictions is:

2 5 2
s2-phase local =| 7% x%s o5 [1_ . oC ceXa )2 4-25
g <a
3 5
2.2 ;
e Rl P A
(]-<'J3>) (]-((15>) pg (~G3> (u5>

(1-<x)2 (1 o [(1- %
+ (]«(13) ] g ]

" (1-<ag> (oC)
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where

- void fract - at vena contracta
<ag>- flow channel v¢ 4 fraction

<X> - flow = ity
of - net reduction in flow area factor, i.e.,
vena contracta area/original flow area

= 17(1+VX)

Weisman has developed a correlation for obtaining <ag”. His correlation is

(4-26)
<ape<aye> + Al<apong>=<ayc>)

where
<« >F flow channel void fraction

evaluated at the vena con-
tracta flow velocity

with the restriction that 0 < A <1
and the constants (experimental):

K== l.8ea5>0 1.05
b= 3.1 (<;5> - .36)

L. empirical length to diameter ratio of restriction, which is

input to the code.

It can be shown that Janssen's model reduces to the homogeneous model if both <ag>

and “ag> are set equal to <ahomogeneous>, calculated by assuming slip equals one.

The third model is the Romie (19) or slip expression:

2 Praxé  (1-<1>)? (8-27)
%2-phase 1ocal "B;EEE T




It also can be shown that Janssen's model reduces to the Romie (slip) model if
197 's set equal to <ag>.

Figure 4-2 presents a comparison of the three two-phase locai loss multiplier
1nodels.
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Figure 4-2, Form Loss Multiplier Comparison at BWR Conditions



4.4 ACCELERATION PRESSURE DROP

The acceleration pressure drop includes the reversible pressure change experienced
at contractions and expansions, or resulting from the acceleration of the fluid
during the boiling proce:ss (density change). The reversible pressure change from
a flow area change when the fluid is in single phase is:

2

62

£

where

0y ® A2 = final flow areq

I; nitial flow area

2

G

2
-!——-—--the single-pi2se velocity head with respect to the final
9¢°L flow area.

When two phases are present:

2 1 2 1 2
ApACC = my [(—6"—2) GZAZ - (D—";) Gl Al] (4-29)

where, v the momentum density is defined by:

Lo ol , (<o)

oM Ogcu’ Py ( °¢&>) (4-30)
<a>= yoid fraction at A2

<X>= flow quality at AZ

and other terms are as previously defined.

The basic formulation for the acceleration pressure change due to density change
is

M

2
« 8. L | X 4-31
ApACC —E:- [ - on ] ( )
our IN
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where the momentum density, v is evaluated at the inlet and outlet of each axial
ncde. Other terms are as previously defined. The total acceleration pressure
drop in boiling water reactors is on the order of a few percent of the total pres-
sure drop.

4.5 ELEVATION PRZSSURT DROP

The elevation (gravititional) pressure drop is evaluated as follows:

BPorey = P 82 (4-32)

where

P = ol(]-<<x») + og<a>

4.6 BYPASS FLOW

Due to the iow flow velocity, the pressure drop in the bypass region above the
core support plate is essentially all elevation head. Thus, the sum of the core
support plate differential pressure and the bypass region elevation head is equal
to the core differential pressure.

The flow through the 'ypass flow paths is expressed by the form:

c
M= C, 4P% . C,aP 4 ¢, 00 (4-33)

The leakage paths to the bypass for a typical BWR geometry are shown in Figure
4-3, The pressure drops used to evaluate the above expression are functions of
channel pressure differential (Pactive - pbypass)’ and are evaluated at the lower
tie plate-fue! support piece interface, the lower tie plate holes and the channel-
lower tie plate interface (paths 6, 9, and 8 of Figure 4-3). The other paths
(with the exception of the control rod coolant flow, which is input) are functions
of the pressure differential across the core support plate. These paths are re-
ferred to as the "common paths." The gquantity of paths number 1, 2, and 5 is
equal to the number of control rods. The gquantity of path number 10 is equai

to the number of spring plugs. The quantity of path number 3 is equal to the
number of instrument and source locations. There is one path number 4. In order
to simplify the use of the code, the user may renumber these common paths and

lump several of these paths together. The number of such paths and the coefficients
C1 through C, are user input.




The coefficients for these paths may be analytically or empirically determined,

and should include the effects of long-term service.
in a net decrease or a net increase in total core leakage flow.

Long-term service may result
Experience indi-

cates that crud deposition to some extent should be expected in some of the leakage
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Figure 4-3. Geometry Input.
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flow paths. The result will be a decrease in leakage flow where the deposition
occurs. 0 the other hand, long-term channel pressure loading is expected to
result in some amount of permanent channel deformation yielding an increase in
leakage flow through path number 8. The bypass leakage coefficients, Cl through
C4, for the Vermont Yankee BWR have been documented (18).

The total bypass flow is the sum of the flows through each of these paths. On
each outer iteration, the bypass enthalpy and void distribution are recalculated,
and the bypass elevaticn head is reevaluated. After FIBWR converges on the channel
and bypass flow distribution, the enthalpy and void distribution of a user-defined
hot bypass region is calculated. The results of the hot bypass region calculation
appear in a supplementary edit. Tyrnically, the hut bypass region calculation

is used to determine the onset of boiling in a particular bypass subchannel.

The mass flux used in the hot bypass region calculation is the total bypass mass
flux times and input flow factor. The power deposition in the hot bypass is the
average bypass power deposition per channel times an input factor. These factors
may be bounding values or may be evaluated with a subchannel thermal hydraulics
code. It should be noted that due to the lower density head, cross-fiow redistri-
bution will tend to quench a boiling subchannel. If sianificant boiling is experi-
enced in the hot bypass region, a more detailed calculation should be used to
determine the hot bypass void distribution profile.

The user may omit the bypass calculation and input the bypass fluw. The code

will then assume that ail bypass flow passes through the common paths; for example,
no leakage flow must pass through the fuel channel orifices. No bypass enthalpy
rise calculations are performed if this option is selected.

4.7 WATER TUBES

FIBWR calculates the water tube flow consistent with the pressure drop of tie
active coolant parallel to the tube. The entrance and exit elevations are input
with reference to the start of the heated region of each channel. The water “ube
is assumed to start at or above the bottom of the reference length, but may extend
up into the upper unheated region. The FIBWR code models the water tube oressure
drop in a similar manner to the active coolant, with the exception that the homo-
geneous void relationship and two-phase local loss multiplier ‘odels are used
~tould the water tube experience bulk boiling. No friction loss multiplier or
two-phase corrections to the acceleration pressure drop are included; if the flow
rate is lcw enough to allow the water tube water to boil, these pressure loss
compenents will not be significant.
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Secticn 5
CALCULATIONAL DETAILS

5.1 WATER PROPERTIES

The water properties consistent with the 1967 ASME steam tables are evaluated
using the STHLIB routines from RELAP4, The STHLIB routines require an external
file of water properties; this file is expected to be supplied to FIBWR on TAPF.S5.
A complete description of these routines is presented in Appendix D of Reference

¢ & 0

5.2 MINIMUM FLOW REQUIREMENTS

During the iteration process, the program continually checks to ensure that the
flow does not fall below the minimum flow. This minimum flow is calculated to
ensure that a very high (>.99) quality is not reached and the steam leaving the
top of the channel does not become superheated. The minimum flow is:

Wun = Qa/hf + .99hfg - hry) (5-1)
where

Qg = the channel power deposited in the active flow, Btu/Sec
he = saturated liquid enthalpy, Btu/1b

= latent heat of vaporization, Btu/1b

-
"

iniet enthalpy, Btu/lb

If, during iteration for a given required pressure drop, the program makes a flow
guess less than the minimum flow given in the above equation, the program will
first calculate the pressure drop for the minimum flow. If this pressure drop

is less than the required pressure drop, the iteration fo~ the flow continues.

If the minimum flow pressure drop is greater than the required pressure drop,

the required pressure drop is changed to this new value. In this way, the program
will not allow cr vergence on a required core flow or pressure drop that will
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result in one or more channels with exit enthalpies greater than that of saturated
steam, If, on a flow-required run, the program finds it cannot converge on the
flow without going below the minimum channel flow limit, it converges to the minimum
possible total flow, with at least one or more channels operating at the channel
minimum. The following warning is printed to the user: “WARNING - CHANNEL XXX

NOT CONVERGED AS CORE PRESSURE DROP REQUIRES INLET VELOCITY BELOW MINIMUM,“

Similar minimum flow requirements exist for the water tubes and the bypass region
flows.

5.3 CONVERGENCE TECHNIQUES

The basic iteration problem is to force the channel types that the user specifies
for the core to converge to a given pressure drop. If the user is making a re-
quired pressure drop run, each channel type will be forced to convarge to the
usar-specified pressure drop, provided the minimum flow requirement is met, If
the user is making a required total flow run, the first guess ‘cr pressure drop
that the channel types are converged to is either input by the user, or the program
makes the first guess. This pressure drop guess must then be corrected until

the total flow requirement is met, but the lowest level iteration problem is to
find the flow required to produce a given channel pressure drop. To start the
iteration process, the code will guess an initial mass flow rate for each channel.
If the first guess does not produce the required pressure drop, a second flow
guess is generated from the following simple ratio:

G, = 6 (AEK%fSLQ) - (%-2)

where the subscripts indicate the iteration number.

For the second iteration, a simple linear interpolation method is used:

-

'‘d
. AP'QQ . ( 5. 3)
n-1 n

P
n-1
Gne1 = Gpy = (6c.p - Go) | 5

where, again, the subscripts indicate the iteration, the (n+l) being the next
iteration,
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On the third and subsequent iterations, the following polynomial extrapnlation
method is used:

d 2
G, = A+ sApm.d + Cap ren'é (5-4)

where

C = Eﬂ:ﬁ:fﬂ:l__ R Gp-2-Cy /képn_z-Apn)
8Pp.270Pn.1 8Py, _2~4P,

Gn-Z'Gn-l

B )
APn-Z'APn-l Prez Pael

and

2
AeG ,-88 -C(a )
s Y ( Pn-2;

For the required flow case, the individual pressure drop converged channel flows
are added up, the leakage flow fraction added on, and the total compared to the
required total flow. If they are not within user-specified convergence limits,
a new pressure drop guess is made and the channel types converged to this new
guess. If the total flow fails to match the required total flow, an iterative
procedure for core pressure drop similar to that for channel flow is used.

Under certain conditions, the pressure drop versus flow curve for the reactor
channel may become very flat, or may not even be single-valued, with several pos-
sible channel flows giving the same pressure drop. This seems to be true particu-
larly at low flow conditions. In atfghtlyorificed channel, typical of current
designs, this is highly unlikely. However, the program may have difficulty con-
verging swiftly in some situations. If the user input maximum number of iterations
is exceeded, a warning message will be printed and the run terminated. The user
may increase the maximum number of iterations permitted and force the program

to converge. Alternately, the user can either relax the convergence criterion,

or disable the bypass leakage calculation option. The program can then be rerun
using the converged core pressure drop from the relaxed convergence or no bypass
option case as the input guess.



5.4 SYSTEM ENERGY (HEAT) BALANCE

The FIBWR code has the option of computing the core inlet enthalpy by solving

an energy balance on the system composed of the reactor vessel, recirculation

loop piping, and cleanup demineralizer piping (shown in Figure 5-1). Flows entering
this system are the reactor feedwater flow, “FH' and tne control rod drive system
flow, Hcr' The only flow leavirna the system is the primary steam flow, HSTM‘
Nonflow energy inputs to the sys.em are the core thermal power (CTP) and recircula-
tion pump power, Qp; nonflow energy losses are the radiative power loss, QR&J'

and the net cleanup deminsralizer power loss, ch. The energy balance can be
expressed as follows:

CTP = Qflow = ch = QRAD - QP (5-5)
where

CTP = C (W i

st™ Hsm * Wocttic = Hin¥eore)?
Qrow = C (Msryfsm = Wefew = Werller )

and
C is a conversion factor from Btu/sec to MWy (C.001055), and the subscript
OC refers to the flow at the entrance to the downcomer (i.e., the core exit
flow that is continuously recirculated rather than discharged from the vessel

as steam).

The system energy balance for inlet enthalpy is thus

Hin Yeore = ¥octoc ™ Wawtrw * Werfler * 10, - Qg - Qpap) - (5-6)
For two recirculation loop reactors, Qp can be expressed as:

- (PUPO1 + PUP02) PUEF (5-7)
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where

PUPOL, = pump 1 and 2 motcr powers, MW
PUPO2

PUEF = assumed =fficiency of each pump

Qy = SMeythey 1n = Pew our))

The downcomer entrance flow is simply:

Woe  * ¥eore™ YsM T Yeore < YR - Yor ¢ (5-8)
The downcomer enthalpy is:
dome dome
Mpe = Mg # CUC(He ™) - (5-9)

where CUC is the steam carry under fraction, and the superscript “dome" implies
that the saturation enthalpies must be evaluated at the dome pressure:

Piome = Poore = DPOD . (5-10)

where DPCD is the pressure d°fferential between the core and the dome.

Note that the following variables are required to evaluate HIN based on Fqs. 5-5
through 5-10.

Flows: HFH' ucr' ch
Temperatures: TF“. Tcr' Tcu N Tcu ouT
Pressures: DPCD
Pump Parameters: PUPQl, PUP0O2, PUEF

Carry Under
Coefficient: CUC

Radiative
Power Loss: QRAD
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A1l of the above, with the exception of DPCD, PUEF, QkAD' and CUC are directly
measured and edited by the NSSS process computer. PUEF, QRAD' and CUC are assumed
to be constants, and can be obtained from the process computer data bank. The
NSSS precess computer measures PDOHE' from which DPCD may be evaluated if Pcore

is known. Typically, DPCD is 15 psi at full power, full-flow conditions. The
variation of DPCD for part-load conditions may be evaluated with a code such as
RETRAN (10).

5.5 HEATED CORE DIMENSIONS AND NODE HEIGHTS

when the fuel assemblies specified have varying active fuel lengths, FIBWR auto-
matically selects a uniform reference heated core length for all channels. The
reference core starts at the bottom of the active fuel zone of the lowest channel
and extends to the top of the active fuel zone of the tallest channel. Nodes
uniformly span the reference core. Input axial power distribution data should

be midnode values for the reference heated core. This method is consistent for
axial power data from 3-D simulator calculations or process computer edits. How-
ever, design or scoping axial power distributions are typically quoted with respect
to each channel's heated length., For user convenience, the FIBWR code contains an
option, 10P(5) = 1, whereby the input power distribution is interpreted as uniformly
spanning the individual channel's heated length. If a particular channel's dimen-
sions differ from the reference core dimensions, its input axial power data will

be renormalized to preserve its power distribution for the revised node structure.
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Section 6
INPUT DESCRIPTION

6.1 INPUT DECK FORMAT

A FIBWR problem consists of a title card, comment cards (optional), data cards,
and a terminator card. A listing of the cards i< printed at the beginning of

each problem. The order of the title, data, and comment cards is unimportant
except that the “ast title card or the last data card with a duplicate card number
will be used.

When a card format error is detected, a line is printed that contains a dollar
sign ($) located under the character causing the error and a comment giving the
card column of the error. An error flag is set to terminate the run after process-
ing the balance of the input data.

Title Card

A title card must be entered for each problem. A title card is identified by
an equal sign (=) as the first nonblank character. The title (the remainder of
the title card) is printed as the first line of every page. The title card is
normally placed first in the problem.

Comment Cards

An asterisk (*) or a dollar sign ($) appearing as the first nonblank character
identifies the card as a comment card. Any information may be entered on the
remainder of the card. Blank cards are treated as comment cards. The only process-
ing of comment cards is printing of contents. Comment cards may be placed anywhere
in the input deck.

Data Cards

The data cards contain a varying number of fields which may he integer, floating
point, or alphawmeric. Blanks preceding and following fields are ignored.
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The first field on a data card is a card number which must be an unsigned integer
and must agree with a card number present in the list of card t wes (pages 6-5

through 6-21). If the format of the card number or the data items on the remainder
of the card do not agree with the required format, an error flag is set. Conse-
quently, data on the card are not used, and the card will be identified by the

card number in the list of unused data cards. Valid cards, describing additional
geometries not required for the channel types of the case being executed, will

also be included in the list of unused data cards. After each card number and

the accompanying data are read, the card number is compared to previously entered
card numbers. If a matching card nunber is found, the data entered on the previous
card is replaced by the data on the current card. If the card being processed
contairs only a card number, the card number and the data on the previous card

are deleted. If a card causes replacement or deletion of data, a statement is
printed indicating thi the card is a replacement card.

Comment information may follow the data fields on any data car~d by preceding the
comment with an asterisk or dollar sign.

A number field is started by either a digit (0 through 9), a sign (+ or =), or

a decimal point (.). A comma or a blank (with one exception subsequently noted)
terminates the number field. The number field has a number part, and, optionally,
an exponent part. A number field without a decimal point or an exponent, or both,
is a floating-point field. A floating-point field without a decimal point is
assumed to have a decimal point immediately in front of the first digit. The
exponent denotes the power of ten to be applied to the number part of the field.
The exponent part is a sign or an E or D, or an E or D and a sign followed by

a number giving the power of ten. These rules for floating-point numbers are
identical to those for entering data in FORTRAN E or F formatted fields except
that no blanks (one exception) are allowed between characters.

Floating-point data punched by FCIIRAN programs can be read. To permit reading
of floating-point datz. a blank following an E or D denoting an exponent is treated
as a plus sign. Acceptable ways of entering floating-point numbers are illustrated

by the foilowing si~ fields, all containing the quantity 12.45,

12.45,+12.45 1245+2 1.245+1, 1.245E1 1.245E+1
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A field starting with a letter is an alphanumeric field. The field is terminated
by a comma, a blank, or the end of the card. All characters except commas and
blanks are allowed.

ferminator Cards

The input data for FIBWR problems are separated by slash cards: the final problem
is terminated by a period card instead of a slash card. The slash and period
cards have a (/) and (.), respectively, as the first nonblank character. Comments
may follow the slash and period on the slash and period cards.

Wwhen a slash card is used as a terminctor, the list of card numbers and associated
data used in a problem is passed to the next problem. Cards entered for the next
problem are added to the passed list .r act as replacement cards, depending on

the card number. The resulting input is the same as if all previous slash cards
were removed from the input to the problem set.

6.2 DETAILED DESCRIPTION OF FIBWR INPUT VARIABLES

In the following description of the data c. ds, the card number is given along with
a descrintive title of the data contained in the card. Next, the order of the data
(word 1, 2, ...), the format (I, R, or A), the variable name, and the input data
requirements are given where applicable. The format of the field, integer, real

or floating, or alphanumeric is indicated by I, R, or A, respectively. Please

note that for common bypass path cards, geometry set cards, and channel type data
cards, the common path number, the geometry set number (referred to in this section
as II), and chaniel type numbers (referred to as JJ) are included as part of their
respective card numbers.
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Card

100000

Word

Format

Description

Problem Dimension

200000 - 200002

NCHAX (>0)
NT (>0, <100)
NSTEP (>0, <25)

NGSET (>0, <100)

Options

200000

200001

200002

AN B WM s N B WM o BN e

I0P(1)
I0P(2)
I0P(3)
10P(4)
I0P(5)
10P(6)
10P(7)
10P(8)
10P(9)
I0P(10)
I0P(11)
10P(12)
I0P(13)
10P(14)
10P(15)

Table 6-1 presents definitions of the above variables.

6-4

Total number of channels
in core.

Number uf characteristic
channel types.

NSTEP is the number of
axial nodes in the
active core.

Number of geometry sets.

MODCAL
TINLT
ICHEK
NALL
IFLUX
NFLOPO
NBYPC
NWATR
NCHF
NSCG
IVOID
IFRIC
1PHSQ
NFORM
NKP



Card Word Format Description

200003 | I ITLIM
? R FERR
3 R CALMD

ITLIM -« Iteration limit

This 1imit defines the maximum number of inner and outer iterations. The
inner loop calculates the channel inlet velocities for a given core pressure
drop, while the outer loop adjusts the given core pressure drop in order to
;atisfy the given total core flow. The convergence criteria are given by
EPR.

FERR - Fractional error

Convergence criteria on flow and pressure drop. It i specified in terms of
a fraction of the total. For the outer iteration loop convergence is checked

on (u% - H?eq'd)/u$eq'd < FERR and for the inner iteration loop (Pi -

pReq'd) oReq'd _peop Lhere W, is the total ~ore flow, Py is the channel K
K K » where W, is the tota) <ore flow, Py is the channe

pressure drop and I is the iteration counter. For the water tube model, con-
vergence is based on (P& - P&)/Ps <FERR where P& is the water tube pres-
sure drop and PS is the channel pressure drop parallel to the water tube.

CALMD - Core pressure drop

The definition of this variable varies; see IOP(1). The current version of
FIBWR has two mode options. CALMD is only necessary when IGP(1) is 1. Ir
this case it represents the given core pressure drop in psi and COFL repre-
sents an estimate o° the core flow. When IOP(1) is O and CALMD is a number
greater than zero, CALMD will be used as an initial estimate of the core pres-
sure drop in psi, bypassing the internal estimating routine.

Card Word Format Description
200004 1 R FCHE
2 R FCHM

FCHE, FCHM - Coefficients for CHISHOLM Model
FCHE and FCHM are the E and M factors required for the CHISHOLM Two phase

frictior multiplier modei (IOP (13) = 15). Typically, FCHE is set to 2400
and FCHM to -1.0 for BWR conditions.
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Card Wo.d Format Description

300000 System Parameters at Rated Conditions
1 - CPOW
2 K COFL
3 R PS (>14.0, <3200.)
4 o CIN

CPOW - Core power (MWt, 106 Btu/hr, 106 Btu/hr-ft2, W/em?)

This item specifies the rated core power. It is used in conjunction with
PCTP t: arrive at the proper power for the problem at hand. The units are
specified by I0P(6).

COF! - Core flow (106 1bm/hr, 106 1bm/hr-ft2, kg/m2-sec)

This specifies the rated core flow and is used in conjunction with PCTF to
airive at the proper flow for the problem at hand. The units are specified
by I0P(6).

PS - Syst:n pressure (psia)

The system pressure at which the core water properties are to be evaluated.
Don.> water properties are evaluated at PS-DPCD (See DPCD on card 300004).

CIN - Inlet condition (OF, Btu/lbm, quality)

This item specifies the inlet temperature, enthalpy, or subcooling to the
core, depending on the option specified in IOP(2). It is used to specify
the inlet enthalpy. If ICT(z) is 1, 2, or 8 this variable is ignored.
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Card Word Format Description

300001 System Parameters at Current Conditions
1 R PCTP (>0.0)
2 R PCTF (>0.0)
3 R BPF
4 R CRFL

PCTP - Percent power

The value for CPOW is the nominal power value. It is adjusted by the percent
power figure to obtain the actual power.

PCTF - Percent flow

The value of COFL is the nominal flow value. It is adjusted by the percent
flow.

BPF - Bypass fraction

This is the fraction of the total recirculation flow that does not go tarough
the heated region of the fuel assemblies. If IOP(7) is >1 this value is cal-
culated internally and BPF is an initial guess.

CRFL - Control rod drive coolant flow

This is the gm0unt of flew entering the core from the control rod drive
housings (10° 1b/hr).



Card Word Format Description

300002 1 R FPGR
2 R FPGC
3 R FPCB

FPGR - Fraction of power deposited in fuel rods

Fraction of power that is conducted through clad and deposited in active
coolant. Used in calcuiating the appropriate heat flux for subcooled boiling
and for the critical heat flux ratio, if requested.

FFsL  "raction of power deposited in bypass region

Part of the power is generated in the water of the bypass flow, control rods,
and channel walls, and eventually manifests itself in an enthalpy rise of the
bypass flow. This fraction is specified by FPGC.

FPCB - Bypass conduction factor

Fraction of the power depcsited in the bypass region (FPGC) which has been
conducted through the channe! walls. Channel wall heat conduction, therefore,
equals FPCB* FPGC* CHANNEL POWER. Used to caiculate the channel wall heat
flux for subcooled boiling in the bypass region.
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The following two cards provide information required to perform the system energy
(heat) balance. The units of the feedwater, control rod and cleanup flows inputs
are OF if IOP(2) = 1, and Btu/1b of IOP(2) = 2. For all other values of I0P(2),

the data items on these card are ignored.

Card Word Format Description
300003 and 300004 Heat Balance Inputs
300003 ] R FWFL Feedwater flow rate (106 1b/hr)
2 R TFWF Temperature/enthalpy of feed water
(OF, Btu/1bm)
3 R TCRF Temperature/enthalpy of control rod
drive flow (OF, Btu/1bm)
4 R COFL Cleanyp and demineralizer (CD) flew
(100, 1b/hr)
5 R TCUIN Input temperature/enthalpy to CD
(OF, Btu/1bm)
6 R TCuoT Exit temperature/enthalpy from CD
(°F, Btu/lbm)
300004 1 R cuc Carry under fraction
2 R PUPO1 Recirculatior pump 1 power (MW)
3 R PUPO2 Recirculation pump 2 power (MW)
4 R PUEF Recirculation pump efficiency
5 R QRAD System thermal losses (MW)
6 R DPCD Core to dome pressure drop (psi)



Card Word Format Description

400000 Common Geometry Input

ALPLEN
IZSTU
AINLT
ACHIM
DECH
APLEN
BHDIAM
BAREA

DN L WMN —
VDOV OVDDOD

ALPLEN - Channel entrance flow are. (in?)

Lower plenum flow area per channel. Used to account for acceleration losses
from the lower plenum to support tube. If not defined or set to zero, ALPLEN
is set equal to AINLT.

ZSTU - Support tube length (in)

See AINLT for further information.

AINLT - Fuel sunport piece flow area (in?)

This variable can be used to account for acceleration, elevation, and friction
losses in the fuel support piece. The flow for each fuel assembly enters from
the inlet plenum into the support piece. AINLT is generally used in conjunc-
tion with ZSTU. When not defined or set to zero AINLT is set equal to AF(I).
If ZSTU is zero then only an acceleration pressure drop will be calculated
from AINLT te AF(I).

ACHIM - Chimney flow area (in?)

The chimney is defined as the section of the fuel channel above the fuel
bundie upper tie plate. For this section a friction and elevation pressure
drop are calculated.

DECH - Chimney equivalent hydraulic diameter (in)

This variable is used to evaluate tne friction loss in the chimney section.
It is used in conjunction with ACHIM and ZCHI(I). If DECH is input as 0.0,
then it defaults to DE(I).

APLEN - Channel exit flow area (in?)

This is the upper plenum flow area per channel which is to be used in calcu-
lating the exit pressure change due to deceleration. When this variable is
rot specified or set to zero APLEN is set to AF(I).

BHDIAM - Bypass hydraulic diameter (in?)

Defines the bypass flow hydraulic diameter. Used in the evaluation of total
bypass region fluid properties.

BAREA - Bypass flow area (in?)

Total of core bypass flow cross-sectional area.
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Card Word Format Description
400001 - 40000NBYPC Common Bypass Paths
1 I NPATH Number of paths of this type
2«85 R C1-C4 Coefficients for determination
of path flow

Above information is repeated NBYPC (IOP(7)) times. The bypass flow is cal-
culated by the following formula:

C
4
; I

wrere: Gy is the bypass flow for path I in Ib/hr and dP; is the delta pres-
sure for path I in psi. The core support plate pressure differential is used
tc evaluate the leakage flow for all common bypass paths.

2



Card Word Format Description

401100 Geometry Data for Set Il

IDGEOM

AF

DE

RODN (>0.0) Number of fue! rods
RODD (>0.0) fuel rod outer diameter
TOE

AU WM -
0D

IDGEOM - Hollerith geometry set identifier

Geometry set input must be supplied for each unique hydraulic type (e.q.,
dimensions, leakage paths, orifice, and other loss coefficients). IDGEOM is
an input 10-character hollerith identifier; the first character must be
alphabetical, or be preceded by "10H."

AF(I1) - Fuel assembly flow area (in2)

This array defines the active flow area of the rodded section of the whole
assembly. The inlet velocity calculated by the code corresponds to this
flow area. If AF(II) is set to zero, all calculations for this channel type
are omitted.

DE(II) - Fuel assembly equivalent hydraulic diameter (in)

This variable defines the hydraulic dianeter of the bundle located in channel
II. This equivalent diameter is based on the wetted perimeter and is used to
evaluate friction losses, and in critical heat flux correlations.

pE = 3X cross-sectional flow area
wetted perimeter

TDE(II) - Fuel assembly thermal diameter (in)

Thermal diameter:

T0E = X cross-sectional flow area
heated perimeter
The input is required for critical power ratio (CPR) calculations.
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Card Word Format Description

401101 Heights
1 R ZGEO
2 R ZHUB
3 R ZHET
B R ZUHA
5 R ZCHI

ZGEO(1I1) - Refarence length (in)

This is a reference length to account for different geometries that may exist
in the same core (see Figure 4-3). This number is only used to calculate an
additional elevation head.

ZUHB(I1) - Unheated rodded length below active fuel (in)

See Figur -3 for explanation.

ZHET(I1) - Active fuel rod length (in)

Heated length of the fuel rod. See Figure 4-3 for explanation.
ZUHA(I1) - Unheated rodded length above active fuel (in)

See Figure 4-3 for explanation.

ZCHI(II) - Chimney height (in)

See Figure 4-3 for explanation.



Card Word Format Description

401102 1 - NGRD R HFSG(11,J)

HFSG(I11,J) - Spacer grid location

II = channel number; J = relative spacer grid location within II. The spacer
grid midpoint location is specified in terms of a fractional length of the
active length (heated) of channel (II) with reference to bottom of the active

length.
Card Word Format Description
401103 Local Loss Coefficients (single phase)
1 R ORCO ORIFICE
2 R TICO LTP
3 R GRCO GRIDS
4 R EXCO uTe

ORCO(II) - Single-phase orifice coefficient

The orifice pressure loss coefficient includes the losses due to the flow
direction changes before and after the orifice and is based on the rodded
flow area, AF(II).

TICO(II) - Lower tie plate loss coefficient

TICO is based on the rodded flow area, AF(II).

GRCO(II) - Single-phase spacer grid loss coefficient

Within a given assembly, it is assumed that each spacer grid has the same
single-phase loss coefficient, based on the rodded flow area, AF(II). The

pressure losses occurring under two-phase conditions are accounted for by a
two-phase multiplier.

EXCO(II) - Exit loss coefficient

This coefficient takes into account ‘he single-phase irreversible pressure
losses of the upper tie plate and any obstructions beyond the upper unheated
section of the fuel rod. The loss coeffici~nt is based on the fuel assembly
flow area, AF(II). The pressure losses occirring under two-phase conditions
are accounted for by a two-phase multiplier.
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Card Word Format Description

401104 Friction and Form Multiplier Data
1 R AA
2 R BB
3 R ELDG
4 R ELDE

AA(11) - Coefficient

Used in conjunction with BB if BLAUSIUS friction factor equation is used
(see BB) or interpreted as the roughness (micro inch) if the Moody curve
approximation or the COLEBROOK model is used (IOP(12) = 2 or 3).

BB(II) - Second coefficient for the BLAUSIUS relation

If the BLAHSIUS relation is chosen (IOP(12) = 1) the friction factor equation,
f = AA ReBB, is used.

ELDC(II1), ELDG(II) - Form model coefficients

Coefficients for the upper tie plate (ELDE) and grid spacers (ELDG) for
when the modified homogeneous (IOP(14) = 1) and Janssen (IOP(14) = 2) two-
phase form multiplier model is used.
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Card Word Format Description

401105 Water Tube Data

1 R NWTB

2 R ZWHIN

3 - ZWHOT

4 R WTUID Inner diameter of water tube (in)
5 R WTUOD Outer diameter of water tube (in)
6 - PCIWT

7 R PCEWT

8 R FPGW

NWTB(II) - Number of water tubes

The number o water tubes in an assembly of geometry type II.
IWHIN(II) - Height of entrance to water tube (in)

Defines the elevation of the entrance to thc water tube with reference to the
bottom of the heatea lengtn for geometry type II. Assumes a single entrance.

IWHOT(II) - Height of exit from water tube (in)

Defines the elevation of the exit from the water tube with reference to the
bottom of the heated length for geometry type II. Assumes a single exit.

PCIWT(II), PCEWT(II) - Coefficients for entrance and exit effects

(oefficients used to evaluate the losses for entrance to (PCIWT) and exit from
(PCEWT) the water tube. The water tube flow area is the reference area for
these loss coefficients.

FPGW(II) - Fraction of power deposited in water tube

Fraction of channel power deposited per water tube. Used to calculate
enthalpy rise in water tube.
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Card Word Format Description

01106 1-4 R c1-ca Bypass path 6 See card 400001 for usage
501108 1-4 R Cc1-C4 Bypass path 8 of C-coefficients.
01109 1-4 R c1-ca Byp:ss path 9 See Figure 4-3 for path
definition.
Card Word Format Description
500000 Hot Bypass Region Definition
1 R HBAREA
2 R HBFFAC
3 R HRADP
4 R HDIAMB

HBAREA - Hot bypass flow area (inZ)

Cross-sectional area for bypass flow in the hot bypass region. Used in cal-
culution of hot bypass region fluid properties. If HBAREA is not defined or
set to zero, the hot byp.ss region calculation is omitted.

HBFFAC - Hot bypass flow factor

Ratio of hot Svpass mass flux to average bypass mass flux (1b/hr-ft2), Used
in calculation of hot bypass region fluid properties.

HRADP - Hot bypass radial power factor

Ratio of power Jeposited in the hot bypass region to the .ower deposited in
the bypass region per channel.

HDIAMB - Hot bypass region hydraulic diameter (in?)

Defines the hydraulic diameter which will be used in the evaluation of the
hot bypass region fluid properties.
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Card Word Format Description

50JJ00 Power and Channel Type Data for CT JJ

1 R NCHN

2 R RADP

3 A IDCHAN
NCHN(JJ) - Channels per ~hannel type

This ic an array of channels present for channel type JJ. The sum of
NCHN(JJ),JdJd = 1, NCT must equal NCHAN.

RADP(JJ) - Radial power distribution

This is the axially integrated relative channel power (including bypass and
water tube power depcsitions). This value goes with AXP(K) to generate a
three-dimensiona. power distribution. The values should be normalized over
the whole core to an average of 1 (1.0 + 0,0005 is allowed as input when
ICHEK, IOP(3), is equal to zero).

IDCHAN(JJ) - Hollerith descriptor for each channel type

Chanirel types are dicstinguished by power peaking or R-factor differences.
IDCHAN is a 10-charact>r alphanumeric descriptor; it must begin with an alpha-
betic chararter, or be prezeded oy "10H."
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Card Word Format Description

50JJ01 1 I NORF
2 R PEKL
3 R RFAC
4 R HINN

NORF(JJ) - Geometry set designator array

NORF defines the geometry set to be used in conjunction with channel type JJ.

PEKL(JJ) - Locil peaking factor

Maximum power of a fuel rod in the given assembly relative to a:' other rods
at the peik axial power node. Used only to evaluate the Critical .!'=at Flux
Ratio.

RFAC(JJ) - R-factors

R-factors of the given assembly to be used in conjunction with the Critical
Power Ratio correlation.

HINN(JJ) - Inlet enthalpy of channel JJ

HINN(JJ) need only be input for eacii channel if IOP(2) = 8 (IINLT = 8). The
lowest inlet enthalpy specified for all channels is used as the inlet en-
thalpy of the bypass region.

Card Word Format Description

50JJ02 1-25 R AXP(K,JJ) Axial shape
AXP(K,JJ) - Axial power distribution

The relative axial power distribution can be used for design or exploratory
calculations. This variable works in conjunction with RADP(JJ) to specify
the local relative power. Input of AXP may take two forms (see IOP(5)), with
reference to the channel (JJ) heated length or with reference to the inter-
nally calculated reference heated length. Values should be normalized over
the core to a value of 1 (1.0 + 0.0005 is allowed as input when ICHEK,
10P(3), is equal to zero).

As a user convenience, the AXP array need unly be specified for the first
channel type. If omitted, the AXP values of the last channel type for which
the AXP array was specified will be used. If the 3-D power distribution is
to be read in (e.g., I0P(5) = 2), the AXP values will be replaced by values
read from the external file.



10P(1)
(MODCAL )

10P(2)
(TINLT)

10P(3)
( ICHEK)

10P(4)

(NALL)

10P(5)
( IFLUX)

Table 6-1
AVAILABLE OPTIONS IN FIBWR

Calculational Modes

*0 - The core pressure drop is calculated for a given core flow.

CALMD is not necessary.

1 - The core flow is calculated for a given core pressure drop.

CALMD (in psi) is required.

Inlet Conditions

*0
1

ONOoO;meaew ~N

CIN is inlet enthalpy (HIN) in Btu/lbm.

Inlet enthalpy (HIN) is calculated from given flows and
temperatures.

Inlet enthalpy (HIN) is calculated from given flows and
enthalpies.

CIN is inlet temperature, OF,

CIN is inlet subcooling in Btu/lbm.

CIN is inlet subcooling in OF,

CIN is inlet subcooling in ©C.

CIN is inlet quality.

Inlet enthalpy is input for each channel in Btu/lbm.

Input Checking

*) - Exit or unacceptable input value.
1 - Bypass <necking of input and execute.
2 - Check input deck; do not execute.

Printout

bwm—aé—-

5-7

Summary of results only

Results (channel edits + summary) only

Results + input echo

Results + input echo + steam tables

Results + input echo + nodal pressure drop components
Results + input echo + nodal pressure drop components +
steam tables

A1l of above + increasing amounts of intermediate
calculation results (warning: these options may generate
a voluminous output).

Power Distribution

*) - Power distribution calculated from input AXP and RADP arrays.
1 - Correct AXP array based on the channel length and position

relative to the lowest and tallest channel geometries in the
core.

2 - Three dimensional distribution input (not operational at

this time).

*Default values are indicated by an asterisk.
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Table 6-1 (continued)

10P(6) Power and Flow Input Units (CPOW and COFL)

(NFLOPO)  *0,1 - Power in MWT and flow gn 106 1bm/hr

- Power in 106 Btu/hr-ftZ and flow in 106 1bm/hr-ft2
- Power in MWt and flow }n 106 1bm/hr-ft2

- Power in 100 Btu/hr-ftZ and fl;g in 106 1bm/hr

- Power in w/ and flow in kg/mé-sec

I0P(7) Bypass Models

(NBYPC) *Q - No bypass calculation. The user input bypass fraction and
core flow are used to determine the bypass flow.
>C - Number of common bypass paths (must be<8)

N B WM

10P(8) Water Tube Calculation Indicator
(NWATR) *) - No water tube flow calculation
1 - Water tube flow and enthalpy rise calculated
I0P(9) Critical Power/Heat Flux Correlations
(NCHF) *) - No critical power calculations wi'l be performed.
1 - Reserved
2 - Janssen-Levy
3 - W-3 with Tong's bulk boiling f factor
4 - W-3 with Tong's subcooled boiling f factor
5 - B&WZ with B&Ws' subcooled boiling f factor
IPP(10) Subcooled Boiling Model
(NSCQ) *0,1 - EPRI model
2 - Saha-Zuber model
3 - Levy's model
4 - Equilibrium mode)
I0OP(11) Void Fraction Corrclations
(IVOID) *0,1 - EPRI model
2 - Dix
3 - Levy void fraction
4 - Zuber-Findlay
5 - Hcmogeneous
I10P(12) Single-Phase Friction Factor Correlations

(IFRIC) *0),1 - Friction factor is calculated from f + AA*RE**BB where the
crefficients AA and BB are read in (BLAUSIUS relationship).
2 - 'Jses built-in friction factor approximation of Moody diagram.
3 - Colebrook equation
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10P(13)
(IPHSQ)

I0P(14)

(NFORM)

I0P(15)
(NKP)

Table 6-1 {continued)

Two-Phase Fricti 1 Multiplier

*0,1 - Baroczy

Homogeneous

Martinelli-Nelson without mass flux correction
Martinelli-Nelson with mass flux correction
Chisholm model (note: card 200004 is required)

& WM
1

Two-Phase Form Losses

*0,1 - Modified homogeneous model
2 - Modified Janssen model
3 - Romie slip model

Kinetic and Potential Effects in Energy Equation

*0,1 - Effects are ignored.
2 - Kinetic and potential energy effuocts are included in inter-
mediate enthalpy calculations used for the subcooled boiling
model.
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6.23 SAMPLE INPUT

LISTING OF INPUT DATA FOR CASE | Section 7.1

1 o FIAwR MODEL FNOR VERMONT YANKEE SAMPLE PRORLEm

2 -

3 essen  PRUGRAM DIMENSIONS, OPTINNS, CONVERGENCE

] .

] 100000 AL L 24 6

3 200000 0 L ] -

? 200001 0 0o 3 1 0

.} 200002 0 0 0 0 00

9 200003 So 0,0001 0.0

10 .

i .

12 seenee RATED CONDITIONS aesetnpnces

13 .

1e 300000 15930 LI 1038,0 an,o

18 Jo0001 100,0 100,0 0,1} 0,023

16 Joo0o002 0,98 0,02 0,00000

17 .

18 .

19 aene WEAY BALANCE DAaTA  sxssntasnensnnnnnes
20 300003 &,41 372,0 100,0 0,0841 S3a,0 43,0
21 300004 0,0020 2,8263 22,8263 0,93 0,6 15,0
22 .
F3] .
24 app000 24,04 4,.58% 7.31 27,233 4,338 4s, ue 4,554 11283,2
2% .
L SLEAKAGE CLOEFFICIENTS FOR CHANNEL INDEPENDANT LEARAGE FLOW PaTry
27 400001 89 37740 0,0 0,0 0,0 » CONTROL ROD UEPENDANT PaTwy
28 ago002 3o 114,0 0,0 0,0 0,0 ® INSTRUMENT TUBE DEPNDNTY PaTHS
i 400003 1 26498 ,0 0,0 0,0 0,0 & SHROUDePERIPHERAL PATH

310 * GEOMETRY 8FfTe] FNR CENTRAL 7TxY FUEL

n 400100 CENeY 15,538 0,575 w9,0 0,563 e, 7170

32 aootor 7,7 1,29 14a,0 17,932 2,43

33 400102 0,132 0,271 0,611 0,5%1 0,650 0,830 0,970

b1} 400103 29,68 7,58 1.8 1,98 » URIFeLTPeSTACERUPPR GRID LOSS COEFFS
38 400108 0,1892 -0, 2081 1,0 1,0

3 a00i08 7%,0 0,0 0,0 0,0 » FUEL SUPPORTeLTP LEAXAGE CNEFF

3 400108 0,0 702,0 0,0 39,7106 * FINGER SPRING LEAXAGE COEFF

38 400108 178%,0 0,0 0,0 0,0 * LTP wWOLES

3 * GEOMETRY SETe2 FOR PERIPHERAL Tx7 FUEL

a0 400200 PERe? 15,538 0,57%% 49,0 0,53 0,717

ay Q00201 7," 1,2% 144,017,932 2,4}

a2 400202 0,1.2 0,271 0,411 0,591 0,690 0,830 0,97

a3 200203 184,78 7,58 1.21 1,35 ® URIFeLTP+SPACER+UPPR GRID LNSS COEFFS
as 400204 0,1882 0,204) 1,0 1,0

(1] a00206 78,0 0,0 0,0 0,0 « FUEL SUPPDRTeLTP LEAKAGE COEFF

a 400208 0,0 102,0 0,0 0,7108 » FINGER SPRING LEAXAGE COEFF

ay 400209 1783,0 0,0 0,0 0,0 « LTP HOLES

s * GEOMETRY SETeY FOR CENTRAL AXR FUEL

ae 400300 CENeB 15,51e 0,5162 63,0 0,493 00,0261

S0 400301 7,7 1,25 168,0 17 872 2,49

$1 400302 0,131 ,272 o0,4}1 $§y 0,891 0,831 0,971

52 400303 29,%8 7.%¢ 1,38 1, & DRIF+LTP+SPACER+UPPR GRID LOSS COEFFS
53 4003068 0,1892 0,204} 1,0 L0

Sa 80030% 1 2,0 148,00 0,428 . 493 78,1 0,5 0,000 » waTER TUBRE INFO
s 400306 75,0 0,0 0,0 0,0 » FUEL SUPPNRTeLTP LEAXKAGE COEFF

Se 400308 0,0 702,0 0,0 0,7106 » FINGER SPRING LEAKAGE COEFF

L 3 400309 1783,0 0,0 0,0 C¢,C e« LYP WOLED® LEAKAGE COEFF

b 1] ® GEOWETRY SFTed FOR PERIPHERAL AXS FUEL

5. 400400 PERes 13,516 0,%182 63,0 0,493 0,628}

.0 400801 7,7 1,39 i1eas,0 17,072 2,49

[ 3} 400402 0,131 ,272 0,411 0,3%1 0,69 0,821 0,57

ol 4006803 160,38 7.% 1,38 1,41 » ORIFSLTPBPACERSUPPR GRID LOSS COEFFS
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400408 0,1892 =0,2081 1,0 1,0 Section 7.1

G0040% 1 2,0 14&,0 ,42% a49% 78,1 0,5 0,000 #» wATER TUBE INFU
400406 75,0 0,0 0,0 0,0 = FUEL SUPPORTeL TP LEAXAGE CUEFF
400608 0,0 702,0 0,0 0,7108 & FINGER SPRING LEAKAGE COEFF
400609 1783,0 0,0 0,0 0,0 e« LTP WOLES LEAKAGE CUEFF
® GEONETRY SETeS FON CENTRAL BxaR FUEL
400900 CENeSR 15,8248 0,5324 2,0 0,483 o0,0728
400%01 7,7 1,2% 1%0,0 11,872 2,49
@00%01 7,7 1,2% 184,0 17,87F 2,49 + CHNG IN BXBR GEOM QUE TO SImMULATE
CARD ABOVE 18 REPLACE™ENT CARD,
200%02 0,12¢ 0,261 0,395 0,929 0,864 0,798 0,932
200802 L131 ,272 411 .St 692 .83y 971 = CHNG DUE TO SIMULATE
CARD ABOVE 18 REPLACEMENTY CawD,
200903 30,77 7.8e 1,24 1,46 » ORIF+LTPSPACEReUPPR GRID L088 FOEFFS
400%04 00,1892 e, 2041 1,0 1,0
200%0% 2 2,0 1%52,0 ,531 0,591 3,4 1,3 0,0007 * wATER TUBE INFO
2400%0% 2 2,0 14e8,0 0,531 0,591 &3,4 1,3 0,0007 » CNNG DUE TO SINMULATE
CARD ABOVE 19 REPLACEMENT Camrd,
400%0¢ 75,0 0,0 0,0 0,0 ® FUEL SUPPORTeLTP LEAKAGE COEFF
400%08 0,0 702,0 0,0 00,7106 « FINGER SPRING LEAKAGE COEFF
400809 1763,0 0,0 0,0 0,0 « LYP WOLES LEAKAGE COEFF
* GEOMETRY SETes FNR PERIPHERAL BXBR FUEL
400600 PEReAR |5, 8248 10,5324 62,0 0,483 o0,8728
400001 7,7 1,2% 1S0,0 11,872 2,49
400002 0,126 0,261 0,39% 0,929 0,804 0,798 o,932
400603 170,99 7,88 1,20 1,480 » ORIF+LTPeSPACERSUPPR GRID LOSS COEFFS
400008 00,1892 0,208 1,0 1,0
400008 2 2,0 1%52,0 0,531 0,591 63,6 1,3 0,0007 e =ATER TUBE INFO
a00808 2 2,0 146,0 0,531 0,591 63,4 1,3 0,0007e CNNG DUE TO ST’ JLATE
CARD ABOVE 19 REPLACEMENT CARD,
a00e0s 78,0 0,0 0,0 0,0 » FUEL JUPPORTeLTP LEAXAGE COEFF
400608 0,0 702,0 0,0 0,7106 o FINGER SPRING LEARKAGECOEFF
400809 1783,0 0,0 0,0 0,0 » LTP WOLES LEAXAGE COEFF
® PUWER DISTRIBUTION DATaA

Sooio00 1] 0,90%88 CEneTX?

$o00101 i 1,16 1,080

Soo0l102 L5778 STYS 1.1 1.1 1,22 1,22 1,19 1.8

. 1,10 1,190 1,07 1,07 1,03 1,03 1,08 1,00
* 1.1 1,0 1,1 1,1 0,92 0,92 0,377% 0,85775

Soo0d00 80 1,1 CENeBXS
Soodol 3 1,1a 1,080

Soo3oo 20 0,8 PEReAyS
So0301 a 1,140 1,080

So00400 100 1,18 CEneAXBR
So0401 L] 1,18 1,080
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Section 7

FIBWR OUTPUT DESCRIPTION

7.1 GENERAL FORMAT

FIBWR output optionally consists of three distinct sections, input and case initial-
ization, intermediate and characteristic channel calculations, and a results
summary. By manipulating user option IOP(4), NALL, various sections of ou*put may
be generated including extensive intermediate calculation edits. To facilitate

the explanation nd understanding of the FIBWR output format, a sample output

(which correspeads to the sample input of Section 6.3) is given at the end of this
chapter. Note that the print option I0P(4) is set equal to 4 for this case.

The first item in each FIBWR case output is a card image echo of the input deck as
submitted. This is followed by monitor messages from the input processing rou-
tines, when necessary, to identify replacement (overlayed) cards and data cards
not used for that particular case. Referring to the sample input of Section 6,
if the user establishes a "base" input deck with data available for several cases
(e.g., geometry sets) and executes a case which uses some, but aot all the input
data, the unused cards will be referenced. The user should review that section
to verify that the unused cards in the case are actually unnecessary. The re-
quired amount of storage for input and a processing flag value are returned from
the input processing routines and printed. FIBWR is currently limensioned to
allow 400U words of storage for user input. A value other than zero for the re-
turned processing flag indicates a fatal error in input processing. The descrip-
tion of the error can be found with the input monitor messages.

Page headings are given for the remaining output. The heading contains the case
sequence number, case title (user input), run date, and page number. Through-
out the formatted output, the internal variable name has been included in the
data heading to aid the user.

The balance of output, in order of appearance, is described below. Optional
sections of output, based on the calculational model chosen, are enclosed in
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parentheses. Sections affected by the value of IOP(4) contain the value of NALL
for which they appear.

1.2

7.3

INPUT AND CASE INITIALIZATION (NALL>0)

1.

11.

12.

Core wide and general case input values. Card series 100000 and
300000, card 4C2000.

User option (IOP) array. Card series 200000. Option values,

as input or default, are identified. A text section follows which
defines several optional input variables and indicates the models
and correlations chosen.

Optional heat balance calculation data. Cards 300003 and 300004.

Characteristic channel data. Composite of channel-type data (50JJ00
series) and geomeiry-type data (401100 series).

Common bypass path coefficients. Cards 400001-40000NBYPC.

Characteristic channel dependent bypass coefficients. Cards 401106,
401108, and 401109.

Characteristic channel spacer grid location array. Card 401102.
Axial power distribution arrays. Card 50JJ02.
Radial power distribution array.

Relative power distribution (S) array. Calculated from the radial
and axial power dist-ibution arrays and normalized to the reference
channel heated length (see IOP(5)). As an option the S array

may be input dir=ctly (see IOP(5)).

Average radial and axial distribution factors. Output as a check
on user normalization of input power distribution arrays.

NALL = 2 or NALL > 3. Water properties for subcooled and saturated
conditions. Summarizes the 25-point interpolation table used
internally. Calculated for the temperature interval from core
input temperature to saturation temperature at the given core
pressure.

INTERMEDIATE CALCULATIONS

14.

(15.)

(13.) Heat balance calculation results. Values are _iven in internal

units. Printed if NALL >0, and IINLT =1 or 2.

Initial guess on core pressure drop. Value input as variable
CALMD or as calculated by subroutine GUESS.

Iteration monitor. IOP(1) = 0. Selected results of outer iteration
calculations. Data given are (L to R) Outer Iteration Number,
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Converned Core Pressure Drop for that iteration, Calculated Core
Flow, Relative Convergence Value, Bypass Region and Water Tube
Flow, and the Estimated Core Pressure Drop, used as the required
core pressure drop for the next outer iteration.

The remaining intermediate results describe converged calculations for each charac-
teristic channel.

16. NALL > 2. Nodal pressure drop components. Pressure drop components
and twe-phase multipliers are given for each axial node.

(17.) NALL > 2. Water hole calculations. Value: calculated for water
tube from inlet to exit (user input dimensions).

18. NALL > 2. Pressure drop components for unheated channel regions
(refer to Figure 4-3). Values calculated for combinations of
channel, water tube, and bypass mass flows, where appropriate.
Friction factors and two-phase multipliers are also included.

19. Results for each characteristic channel. Nodal fluid properties
and conditions are summarized. Power depositions, active and
bypass flows and pressure drops are given (bypass flow includes
an average amount of commor bypass flow). Top of node values
are given for fluid properties, quality and voids, and channel
wall pressure drop differentials. The path 6-9 leakage flow rates
are printed.

7.4 CASE SUMMARY

(20.) Bypass flow calculations. Common or core support plate path data
are given first along with the core support plate pressure differen-
tial. This is followed by a nodal summary of data for the total
bypass region (top of node values are printed).

(21.) Hot bypass region results. If user has input data necessary for
hot bypass calculations (card 500000), input data are echoed along
with nodal summary of hot bypass fluid properties.

22. Data summary. Several input data values of interest are repeated
along with final flow and fluid property values.

23. Summary of characteristic channel calculations. Channel identifi-
cation and brief description (input) are followed by calculated
values of interest for each channel,

24. An end of case and end of job banner follow the summary output.

7.5 SAMPLE OUTPUT

An execution of the sample input of Section 6.3 is presented in the following sec-
tion. Underlined headings on the right hand margin rafer to the output description
contained in Sections 7.1 through 7.4.
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Section 7.1
STORAGE WORDS RiGUIRED FOR INPUT 8 527 INP RETURN INDICATON @ 0

anannene THE FOLLOWING CARDS wERE NOUT USED

400609
“00s08
4008080
400609
L00s04
40000}
400802
400601
400800
a00209
4oosoe
400208
coo204
aoc20d
“oo202
agoaol
“p0200
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Fldwr CASE 11 FlowR MODEL FUR VERMUNT vanxEE SAMPLE PROKLE™ BlsuL/ée vALE “

«INPUT DATA= Section 7.2
Seveasescvene Fa—r.t_‘ Ar,_?‘ s

NCHMAN o NUMBER OF CHMANNELS IN COURE REGION Al i L)
NCY w NUMBER OF CwH~2unEL TYPED - “
NOTEP o NUMBER QF "l NUDES « 24
CPOw « RATED CORE POWER r 1593,0000 PCTYP e PERCENT WATED POWEN - 100,0000
cory « RATED CORE FLOw - “b, 0000 PCTF e PERCENT HATED CORE FLOw . 100,0000
L4 ] o CORE PRESBURE (PBIA) . 1035,0000 FRGR e FRACTIUN PUwER GEN IN FukL RODS . 9800
wr ® BYPABS FLOW FRACTION . L1100 FPGC e FRACTION POWER DEP, IN AYPaSS - L0200
GAREA o COmE BYPABS FLOw AREAX (BG, IN,) L] 11283,2000 FPGw e FRACTIUN PlUwEn GEN, 1IN waATEw wUDS . V04?7
CRPL  « CONTROL ROD FLOW (NLA/WR) . L0230 FPCH e FRAC, BYPASS POwER DEP, wY CONDUCLTIONS 0,0000
MBAREA « WOT BYPADS FLOw AREA (80, IN,) « 0,0000 HBFFAC « HOT ByYPaSS PENALTY FACTOR . 0,0000
BHDIAM « BYPABS WMYDRAULIC DIAMETER (IN,) w “«, 5540 MRADP = WOT HYPASS PraxING FaCTOx - 0,0000
APLEN o CHANNEL EXIT FLOw AREA (8Q,1IN,) - 4s. 4800 DECH e CHIMNEY mMYDRAULTIC OTAMEYER (IN,) - “,3380
ALPLEN o CHANNEL INLET FPLOW AREA (80G,1IN,) B 24,0400 37U e SUPPORT TURE LENGTH (IN,) - “.,5630
ACHIM « CHINMNEY FLON AREA (80,1IN,) L] 271,23%0 D8TU e SUPPUNT TUME DIAETER (INn,) B 3,09¢v8
ITLIM o ITERATION LIMIY B S0 CALMD = CUKE PHESSURE UNUP GUESS (P814) . 00,0000
FERR  « CONYERGENCE CRITERIA ® L0001 CIN e SEE NOTE BELOW FOR oCINe DEFINITION ® 20,0000

OPTIONS ARRaAY
“i JOCAL = CALCULATIONAL MODE . 0 V2 TINLY o INLET UNITS AND HEAT BALANCE B 4
04 ICwEX ® INTERNAL INPUT CHECKING . 0 04 NALL e PRINT QUT INUICATOR N 4
0% IrPLux o PONER DIBTRISUTION - 0 06 NFLOPO e POWEW AND FLUw NITS B )
oY NavYPC ® COMMON § 7PA08 PATHS CALCULATED L] 3 08 NWATR o WATER TUBE CALCULATION IND, . 1
0% NCHP w CP /CHF CORRELATION UBED " 0 10 ~NSCQ e SURCOULED WUALITY ™ODEL . 1
I1 IVOID = VYU.D PRACTION CORRELATION . ' 12 IPRIC = SINGLE PHASE FRICTION CUWREL, . 1
'3 IrMe @ THO PHABE FRICY, MULTI, ™UDEL . 1 14 NFURM e Twi) PraSE FUNM | ISSFS . 1
i3 NP ® KE AND PE EFPFECTS IN ENENGY EGUATNS 1 16 NOT USED AT PRESENT . 0

PLEASE NOTE

*aessessenes
INTERPREY oCINe AD INLET BUBCUDLING IN BTU/L BN,
INTERPRET «COPL= AD WABD FLOW IN NILLIONS OF (BM/WR
INTERPREY «CPONe AD TOTAL POWER IN MEGAWATTS THERMAL
YOID PRACTION CORRELATION: EPR]
INIYIATION OF BUBCOOLED BOILING METHOD: EPR1
SUBCOOLED QUALITY MODEL MYPERBOLIC TANGENY PROFILE FITY
SINSLE *NABE FPRICTION CORRELATIONg BLAUSTUS RELATION
THO PHASE PRICTION FACTOR MULTIPLIER MCDELY BaROCZY

TWO PHABE FORM MULIPLIER WMODELS HOMOGENEQUS
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LR LL CABE 1t

INPUY DATA CONTINUED

FIBwR MODEL FOR VERMUNT YANKEE

Il I T e A AL L L R

CHaN  GED NUMBER OF FLOw
TYPE TYPE CHANNELS AREA
(8Q,1IN,)
L 10GEON NCHN "
1 CENel 'L 15,53%0
2 CENeS L1 15,5100
3 PEReS 80 18,.%100
& CEnelr 180 15,8248
CHAN  REFERENCE LUNER ACTIVE
TYPE LENGTH UNMEATED FUEL
CIN,) ROD LENGTH LENGT™
(INy,) (SLTS)
L Tums e
1 1.,2%00 1664,0000
2 1.,2%00 1ee 0000
3 1.,2%00 184, 00¢0
B 1.,2%00 184,0500
CHAN FRICTION FOR
TYee nOOEL "Op
COEPPICIENTS COEFF]
L Ar ae ELDG
1 1892 -, 200 1,0000
o L1892 . 208) 1,0000
3 <1892 ., 2041 1,0000
L 1892 -, 2001 1,0000

SA¥PLF PwipiLE™

wYDRAULIC wOD NUMBER OF waUTalL tuCa
VIAMETER DIAMETER ®uns VW R PEak NG Fa
CIng) SaCtum
OE RODD RUDN HaUP PEXL w
5768 5630 “e, 9089 1,1400 L
5182 L4930 3, 1,1000 1,1400 A
182 L4930 63, L0000V 1,1400 S
5324 L4830 62, 1,1400 1,1400 8
uPPLw CHImMNEY URTFICE TIEPLATE GelIv
UNNELTED HEIGHY LOSS LUSS LUSS
ROD LENGTH (ING) COEF COEF CUEF

CING)

TuMa el ORcO Tico GHRCU
17,9320 2,4300 29,6500 7.5800 1.,2100
17,8720 2,4900 29,5800 7.5600 1,3800
17,8720 2,4%00 164,3800 T.%800 1.,3800
17,8720 2,4900 30,7700 7.8800 1,2400

“ NUMRER mATEN TUBE WATEW TumE

EL UF wATER DIAETERS ELEVATIONS

CIENT" TuseEs (IN,) (INg)

INNER UUTER ENTRANCE ExIY

ELDE NuTR wTUID wTUOD Twmln Inm0Y
1,0000 0 0, 0000 0,0000 0,0n00 0,0000
1,0000 1 L4250 L4930 2,0n00 1ée,0000
1,0000 1 L4250 UL 2.,2000 148, ,0000
1,0000 2 5310 B9 2.,0000 148,0000

Bl/sni/én Fait s

Section 7.2
Part 8

- THERM™AL
CTom UlANETER

Fal e
08nn
0§00
0500
0Svo0

7970
0201
0201
0728

wATER TUBk
bade ¥
FRACTION

Exly
LUSS
CUEF

Excn FPGw
1,35n0
f,6100
1,4100
1,400

0,0000
0003
20003
«0007

wATER TUBE
URIFICE | 08Y
COEFFICIENTS
ENTRANCE Ex1Y
LIS LA PCEnTY

o,0000
75,1000
75,1000
a3 L0000

0,0u0¢
5000
«5v00
1,3v00



000°0 0000 000%0 000°geLt 1 )
5 T 000°%0 000*204 000"0 1 L
noo*o 000*o 000%0 000°sL ! < L
000°%0 000%0 000%0 LA T8 i B
et 006’0 000°204 000°%0 i -
0o00*0 000°2 000°0 000"sd 1 . L 4
000°%0 000°0 000%0 LITE TR 1 °
1t 000°%0 000°204 000°%0 1 L}
0000 0000 000°0 000°sL I - 4
000°0 0006°0 coo*o 000 gest ' +
et 000°0 000%204 000°0 1 [}
000°%0 000°0 000°0 000°s4 i K '
wive Al NYND
WMLV INFONDERO0 TINNYHY
000" 00 0 0000 000%98n92 1 4
000°0 000°0 000°0 000wt 0% e
000°0 000°%9 000%0 000 wLdE o0 |
ne? ‘o) 2= 1e) HIGNNN  WiVE  BMLTZ NOWNMDD

SANTIII 44300 Wive B8VgAR

9 'G 3Jeg - .
2/ uoL3des QINNIANND VIVO Andnt
R e N S S R R SRR

9 39va 2700/ 1y wilBOnd 3 dwrs FINNYA UnNGWHIA N9 300w HeRl g o 3svd
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WSt ws’t 0zs* n2es*

ogo*t uLo®t on1®iy oot*t es1'i
(T8N wis’ 02es* 02"

0g0*t o040t o040y o001t 001°t 061°1

00no*o

0000°%0

nono®o

n6no*o

T8 ‘L 1aeg

Z°/ uo1329%

061"t o001*1 o011 o001°'t

0§1*1  o022°1 o22't o001y

00"°1 001*Y1 001°t o001°}

061°1  0c2*1 o022t o011’y

001°1 00:1*T o001°I Gty

ettt o22°1 o02z*t o1y

001"t Q01*y o001°Y o01*)

ogt*t  w22*t o22°t o001y

FdAL TINNYMD AW

01Le" 01§e* 0289° 018"
o0146" 01f9* 01e9" oO1ss"
0L4s” OIER" 0189 O18s°
0nes* 00E0° 0089° o0158°

MAION3T 034vaIN 40 NDTLDwNY

090°t 090y
oot*t ads’
090°1 0%0°1
o1t weis’
290°1 090°%
0011 eis’
090*t 0901
001"t g8’

o (I*'%)dxv »

crie® o24d*
olte* o242'
otie* o2i2°
otie* ou42*

« (F'1)9gdN =

CLELEEY FI
gld £
euid 2
0g0*s
oS’ LNE=NTD 1

SAVHEY NOIANGINIRIO wEwO« vixy

olge” WoeN1D
o’ teude ¢
orgt’ tenid 8
oz’ donNdd 1
ANiInO3®

Avauy NOILvI0T olu9 332vée

QINNTANDD vAvQ LINgN]

L R T R R R R A )

i 39v4 2710718

ERLIVET I R T ]

JIANNYA ANOWHIA 04 T300m w*Rlg "
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L R

FIguR CAIQ 1 FIAWR MODEL FOR VENMUNT yYansFE
INPUT RALIAL POWER DISTRIBUTIUN
CHANKEL
i=1o L2089 1.,1000 +8000 141400
RELATIVE POWER = 8 AKRAY »
CHANNEL
1 CEneTX? 523 «523 « 99 . 9%
933 %0 %0 99
2 CEn=8)X0 638 «03% 1,210 1,210
1,133 1,188 1, 168 1,210
3 PER=SXS a7 307 +000 L8080
018 Jo3s 838 L8060
Q CEN=BXBMR JH8A JO88 3 2%¢ 254
1,178 1,208 1,208 |, 2%¢
AVERAGE RADIAL FACTOR » 1,00000

AVERAGE AXIAL FACTOR »

1,00082

CHECK ON USER

SAMPLE PRURLE™

1,108 1,109 1,042
L9999 99
1,342 1,342 1,288
1,210 1,210 1,2)0
732 732 890
000 880 000
1391 1,391 1,311
1,2% 1,254 1,.2%
NORMAL TZATION

1,062
833

1,208
1,012

590
552

1,311
1,049

CALCULATED FROm AXP AND NaDP DISIRIMUTIONS

«99s
833

l.210
1,052

LY
«5%2

1,254
1,049

,998
523

1,210
038

660
J3a7

1,254
058

L9809
.523

1177
038

082
L3367

1,220
058

Klsor1/2e PALE L]

Section 7.2
Part 9, 10, 11

L9809 «933
1,177 1,133
Jh42 018
1,220 1,174

(UNTTY) OF INPUT POWER DISTRIAUTION ARRAYS



FlanR CARF 1 Flowh MNUDEL FOR VERmMU* [ vYankEE SAMPLE PROBLE™ rlsus/ée vaGt )

AR R EREERERE AR R R R R RN EE R R R R RERENEE RS Y Y s sy e e e e e R R A R R A R R R R R R R R R R R R R TEE A EE R R R E R R EE R R RN

WATER PROPERTIES FUR 16"5,00000 PSIA Section 7.2
[ ot VO
rart ¥4

PROFENRTY TABLES FOR BUBCOOLED LIQuUID

TEnPERATURE DENSITY ENTHALPY PRANDTL SPECIFIC vViscnsITy KINEMATIC CONDUCTIVITY DELTA ENTHALPY/
(DEG=F) (LBM/CU,PT,) (BTU/ZLBM) NUMBER WEAT (LBm/FY, S¢C,) vISCUSLTY (WTU/86C, FT, ELTa VULUME
(BTu/LBM) (Su,FY,/78EC,) NEGeF)

T~ L1 ENTY cP Emy Fny CONL D™Dy

«9S11FE+08
.uuSFIo‘Q
JULOTFL0S
JUISTESOS
JUSOEECOS
JUZ2B0E%05
JU216ESDS
JUlBRFe0S
JHU12uE2DS
JUNBIF0S
JYuNGF LS
<39S 8E0S
« 3SBF 0S8
I915Fe0S
JIEB1EeUS
«JBUSEOS
JIR08E 008
+37175F+0S
+3743FenS
«3T12Fe0S

$33,.031 47,1378 $27,.%02¢ 1.2569 HS0uEea JRnE=0S L923KE )
$53,.008) 47,0963 528 7240 LJABS9 1,2580 JOUSBE=IU 379F 08 L9220
$34,3048 47,0948 $29,%555%% LY 1,2603 LOUBTEmn U 379k wnS L9219 ey
$3%.0007 47,0128 $30,.3805% LO878 1.,2620 JHUT9E w0 y78F =08 L9210F.
$35,.6500 4e 9704 s, 21 887 1,267 LJHUTIE=0 4 yT8E=0S

$3s, 3102 a7 $32,0489 Laany 1,2654 JOUB2F =0l 377605

$36,%% ae 88458 $32.8803% 8% 1.287i JHUSuE=04 377F=nS
$37. 025 4e Buo" $33,7118 L8918 1,2688 Jbudnr =il J1370F0u®
$38, 2818 48,7970 $34,%4%4 8928 1,2709% YL LR LT
533,938 a8 ,7%2¢ $38,37%2 B934 1,272¢ JNA29Ee0U 375F=nS
$39 5% as 70° 8 $36,2071 % 1,2739 JOUZIEmIU 375€E=05
Sap0,2%00 45,0827 S37,0382 8953 1.,27%¢0 JoUlYEeD U 3T4E«05

S40,%068 48,0172 S37.87:% 8902 1,2773 B8 LSEwnU Y74Fen$
Sa), %28 “, 5713 $38 Toao 097, 1,2789 L0398k ent 373k ~u5
Sap.21% 4e S&%0 $39,5%e8 898 11,2800 e LT 373605
Sk aTM2 ap 4784 S80,3699 B899 1,282) O380L=u 173 eiS
§43,9310 40 4314 Se1,20%2 9000 1,2840 6372k w0k 1372E=nS

Saa_ 107 as 30u0 Sa2,03%¢ 008 1,28%7 H38 304 13726=0S
Saa sayp 8e,3%) Saz2. 8712 9018 1,2874 J0358E=u 1371€n$§
1
1

Ittttfttttrtctr;:r[kik

ae 208} Sa3,708% J027 L2891 N DR 13716t

4o, 2390 Sae _ Sa12 L0y +2908 NS R LLE «1371E=0S «JoB2¥e 05

ds,1%12 $«5,3773% Y0ue 1,2925 +0330E=04 1370F =08 «J055E0S

46,142} Sas 214} L9088 «0322€=04 1370E=0S o318 005

5 as,09%9%0 Sav, 052 9004 . O3 lutepd «1370E=0% JH028FE 0 +Jo10Fe0S
Sab 7030 46,0880 sa7 %027 V078 L30%5Ee04 1369Ee08 SULTEe04 LI930F«08

IS

PROPERTY TABLE FOR BATULATED CONDITIONS

T8aY o BATURATED TEWPERATURE (DEGeF) Sud 7810 FLUTID ENTRALPY (BYU/LAM) S47,%9027
AxQr e FPLUID DENBITY rLBM/CUPT) 48,0400 EVAPORATION ENTHALPY (BTU/LBN) 843 7135
LLD ] SYEAN DEXBITY (LBOM/CUPFTY,) 22,3304 BTZam ENTHALPY (BRTU/ZLBM) 1191,0159

™us SATURATION VIBSCOBITY (LBM/FT BEC) «0308E=04 RHUF 7 NHOG 19,7590

PRAAT PRANDTL NUMBER 9078 VISC, STEam 7 VISC, WATER R03TEe"

COnBAY CONDUCTIVITY (BTU/BEC FTY, DEGeF) +9017E=04 BURFACE TENSTUN (L BS/FT ) LI192E0g
ChaaY BPECIFIC MEAY (BTU/LB™ DEGeF) 1,2978




Flanw CABE 1 FIBwR MODEL FOR VERMUNT YanxEt SAMPI E Pwiid ™

Tl T I I ey e e R R R A A R R AR R R

INITIAL GUESS On CORE PRESSBUKE DRUP » 19,6015 P81

BRENEREES JTERATION MONITOR ®Seessnes

CUTER ITERATION CALCULATED cORE CALCULATED CORE WELATIVE CUNVENRGENCE BYPa8Sert 5y ESTIATED CORE
NUMNBER PREJBURE DROP FLUW RAT) (a8 /mN) PHESSURE URUP
(P (MLB/HR) (psl)

1TROY cooe QF w EPS

19,4018 LA L1 ) L1378Ee00 22,5019
23,040}

22,5019 4s 2169 «3715€<01 -
23,840} 4y 8809 J2R9TE-D2 y 23,7452
23,7452 ar . m LAT80E=04 23,7452
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CHANNEL ] CEN=TXY GEUMETRYS CEN=T

INLET VELOCITY 7.2320) FT_/8EC, FLOw AWEA

MABS FLUX 1,2272 »LB/WR 80,FT, HYDRAULTIC DIAMETES
ACTIVE FLOw A324 mLA/nR BYPASSenT FLU™ [X) VEw
ACTIVE POwER 3,.8429 wwj BYPASSenT PONER

AVERAGE DENSITY 29,5814 LBu/CUPT, ACTIVE EXIT FLUw™ GUALTITY
AYERAGE VYOID FRACTION L1808 ACTIVE Ex1T YOID FRACTYION
BOILING WEIGHT $,7000 1IN, CHIMNEY FLU™ Qual ITY
DELTA ENTHALPY 99,0307 BTU/LENM CHImNEs vOID FRaCTIUN

PRESOURE DROP COmPONENTSE

FRICTION 2.%u80 LUCAL
ELEVATION 3,03%0 ACCELERATION

~OOE oulL, FLOw TOTAL volu FLum wATER TURE Cran, wALL WELATIVE
" QuAL, SuUAL, ENTuaL, FRACT, DENSITY DENS]TY NTHALPY VELTa ¥ PUwER
(8TU/LH) (LB/CU_FTY (LB/CUFT) (BTU/LK) (PS1)

w0311 94,0000 $27.%024 00,0000 “7,137% “r,08%7 S28.97an
- 0070 0,%000 $30,28%7 0,0000 47,0179 47,0720 §29 2118
., 02¥ 0.,0000 532,.0090 v,0000 4o H95S av,0802 §29 447¢
e, 0100 0000 $37,.2080 L0318 4SS, 2838 47,037, §29 K9S
« 00% L0028 Sa1 7402 L0834 43, 7083 47,01%0 $30,34%0
e, 0017 L0084 S4e, 783} L1094 41,5340 46,9897 530, 8398
0081 0112 51,8179 J16%2 8. 983 46,%4}) $%1.33s7

L0139 L0187 5§50, 5039 L2210 3o 488 “b, %402 $31, 8081 04 yhe

0200 0220 Se1,.3008 2789 33,997 46,9180 §32,.27% 1 1984

L0270 0292 569 84958 3269 31,7889 ub, 8927 532, 7214 ) 597

0309 0358 570,389, In2 29,8374 “s, 809y 533,109 ) =97

0818 0418 $78,348) L4072 28,2470 LT 533,0082 suo

.48 048 $79,.783% Lua32 26,6697 THLF3 L $34,0610 T

«09%) «0958) S84, 01408 L4%40 25,3247 an,. 8013 SYe ubce 'R A

0819 L0819 S88, 2654 LS014 24,1270 46,779 S34 K799 8 17

0087 L0687 592,6399 5280 23,0239 “n, 7580 535, 3118 = noe

0758 L0788 $97.0144 J54u% 22,0299 TR ATl 535,7435% : R L

J002% 0825 601,554) 5107 21,0988 46,7087 S3e,191% b L 96 1897

«08%, 606,093 .9%00 v, %22 as,nb44 530 ,.0639% LA RS
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<1037 oisS, 1729 ede 18,7709 T I T $37,.5353% . . "97

<109 518,997 307 18, 2142 “n,51%1 5%1.9) 587

L1158 822,.766% L 17,6964 b, S%e Sis, 2847 g Gu7
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CHANNEL L | CENeBXS GEUMETRYI CEneS NUMHE 1

INLEY VELOCITYY e, 015811 FY_s8FC, FLUW ANES
MABS FLUX 1,1222 “LB/HR 86, F7, IYORAULIC DIAMETER
ACYIVE P LOw L1209 MLB/MR L IPABSenT Fi .= X1,084)
ACTIVE POmgR 4,.00%0 =wY BYPARB+nT POnER

AVERAGE DENBLTYY 26,1870 LARJCUFTY, ACTIVE EXIT FLOw™
AVERAGE vYOID FRACTION LU5Ta ACTIVE EX]T ¥
BOILING wEIGHY 7.0521 1IN, CHINNEY FLOW QuaL!
DELTA ENTHALPY 132,1804 ATU/LAm CHIMNEY YOID FRaAC

PRESOURE DROP COMPONENTS

FRICTION LOCaL 16,6515 P8I
ELEVATION ACCELERATION «T71e P8}

~ODE EQVIL, FLOw TOTAL voOl10 FLUW wATER TUNE Cran, wall T IvE - . T0P OF wnOut
. SuaL, fUAL, EnTHal, FRACTY, DENSITY ENSITY ENTHALPY VELTA ¢ wEaY FLUX ELEVATION
(BTU/LB) (LB/CUFY (LB/CUFT) (BTU/LK) (P81 (mBTU /MR SU.FT) (IN,)

e, 0011 0,0000 S27_%02¢ 00,0000 ar_ 1378 47,0848 $28 9583 9,297
w000 29,0002 $31.0%01 0.0000 4, 9780 arv,078? S29_ 1188 7,2%%0
- 0213 0000 $3¢_ 2379 Lonl} “o 0080 47,0088 529.27%)% 9,.7120
v, 0119 L0021 Séo, 2717 L0818 44,2780 “7,08%7 529 . 5™ 9. 150¢
« 0080 S48,30%s YL 41,7868 47,0388 529,879 8,.7810
0128 ss2,.y97m 1784 38,3808 47,0215 $30,2138 8.6802
0207 5% .80 %7 2%7a 34,8010 “Y,0040 $30, 54k 8. 6026
L02% 65,9978 328 31,7360 4s, 9848 530,8042 AL082%
«038s $72,30%9 3877 29,1113 “e,9724 $31,1798 T,9543
L0473 $78,7880 L038s 27,0078 “n,9%69 $31,48,7 7.8772
« 0587 584,828 L8003 25,0513 “s,%13 $31,.7838 T.16418
«00%0 $%0.0911 S1e8 23,4049 46,9202 $32,0772 T.0e87
J07a0 $98,.%004 R ThA 22,092)% “6,%110 $32,.3708 5,%4
L08yY 0837 e02,2102 5748 20,9334 46,8983 532,053 6, 8588
0924 0924 607,8001 .598, 19,9050 “o,8810 $32.9381 S.%4
1019 <1018 13,6748 H19 18,9595 CEPLTTY ) $33. 227 S.*37%
«1109% 1108 o199, 0890 539 18,1099 4n "51 S$3%. 5179 S.7285
1199 L1190 62%,5228 L0573 17,13 “o, 8,552 S33,. 8198 4. 01%8
« 129} 1293 31,5580 L0738 16,5913 s, 8192 S3a_ 1218 “, 4908
«1300 L 837,.5%08% L5689 15,9322 4s,b01} S3¢ 4238 ¢,3508
+ 1480 <1480 643 024} 027 1s.,.52m “b,T8Y S3a_T25%« 3.,039¢2 1.
« 1598 19854 o4l o708 T34 14,8577 40,773 $3¢ 9779 2.%9.¢% 120,
1637 1837 %3, 717} T2545 164, 4184 “b,Ton}y 535,.2%0) 2.75%) ' . 182,
«10680 L (T UMLLLYY . 7289 16,1821 48,7519 S3S,5068 2,0%04 .035% 138,
1735 <1738 a00,0528 T34 13,.9%0) 46,743} §%5_ S47y 1,1782 ,815% \ 166,
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- s s
CHANNEL ] TYPE PEReaB XA GEUMETRY, Pghab NUMHE N .
INLEY VELOCITY G, 10813 Y _ /0, FLUN ANFa . 74 ' kT, + v
HASD FLUX L0988 MLA/MR _SQ FT, MYURAULIC DTAr JTEW “3 Y :
ACTIVE P Ow» LOTS) mMLB/NR BYPASS+aT FLumw (X1 ,0FE4 L9112 LA/NR
ACTIVE POwER 2,95040 mnt BYPASSenT PONEN L0827 mw
AVERAGE DENBITY 27,8374 (BM/CUFT, ACTIVE EXIT FLU™ GUALTTY “ny
AVERAGE vDID FRACTION L4200 ACTIVE FxIT vnlID FRACTI e T01e
BOILING ~EIGHT $,7000 1IN, CHIMNEY FLOW QUALTTY L4
DELYA ENTHALPY 116,1778 gTu/Lam CHIMNEY vOID FRaCTl L0982
PRESOAURE DROP COMPONENTSE
FRICTION 1,5569 »8] LOCAL v,0013 I
ELEVATION 2,8713 r8} ACCELERATIUN 2530 I
NODE | 173 {9 FLOW TOTAL vulo FLOW WATER TumE MAN, wALL RELATIVE PEax P OF N
K SuUaL, SUaL, ENTHAL, FRaCT, DENSITY DENSITY ENTHALPY ELTa P PusgR Heal F ELEVaATIO
(BYU/LSD) (LB/CUFT)Y (LB/CU,FT) (ATU/AS) (P81) (MATU/WR G, FT) (N
i «, 0311 0,0000 $27,%024 0,0000 47,1378 47 0910 $28 8302 2,342 cew - K
i -, 0207 0.0000 $30,085%9 0,0000 40,997 4y 0828 §29,002¢ 2,3245 J4eS .NShe 5,0
2 e, 0228 0,00060 $33,08% 0,0000 a6, 853 “r,073%9 529,174 2,307 RTTY §Ap 12,
3} ., 0182 L0018 $38,.7713 L0398 44 Bp9e 47,0878 §29,.5011 2,2855% T JA11e 18,
4 -, 0099 0043} Saa, 0731 L0813 42,8432 47,041 §29 A284 2,164 08 L1180 24,
B 0032 <0093 49,9534 L1401 40,1198 4r,0227 $30,1714 2.1¢M) AT L1238 30,0
® «012) 0198 55,83y L2087 37,1101 47,004} 5%0,9%44 2.1147 . 7132 L1234 36,
4 0209 02%0 S61,3%0 2718 34,2203 46,9568 $30,8985 1,939% 090 L1187 a2,
L] 0298 0307 S606,9198 e 31,5898 48,95% §31,2387 1,933} 59 L1187 un,
L L0378 L0388 Sr2,2214 R LF1 29,328 45,9528 53,5689 1,9307 080 Jl1e Su,
10 0800 06800 $77,.971%) LA254 27,4503 48,93%?7 $31,89%2 1,708 <0801 <1110 o0,
il «0%40 0889 S83,132¢ Ju4nas 25,7398 48,5192 532.2110 1,709% 042 L1088 e,
12 0020 0820 S88,209% La98s 24,25%7 “s,%027 §32,529% 1,7127 082 L1088 T2,
13 0090 L0898 $93,2%4a 5273 22,9958 TLLLY 3¢, V00 1.71A3 5180 L1048 e
16 0778 L0778 598, 2149 L5529 21,8718 4, A707 §33, 1428 1,8611 18 JAues Be,
1% L0884 08%a s03,3280 5764 20,8492 TLLTY. §33 4582 1,4uT} Lo R o0,
1s «0933 2093} 608,437 L5978 19,9243 “s,M3y7Y $33,.773%s L4534 030 JAuTs 9,
17 018 018 e13,7389 170 19,057 us, 1203 S36_LuuH 11142 L0h e 102,
18 1098 1092 19, 0408 L8353 18,2714 TLELY SYu_4gmy 1.,1179 .58 J111e #
19 1180 11890 624 3427 L5518 17,5543 “e, 7858 $34,75%4 1,12 T 118 116,
20 1203 1203 829 ,044s ,bo0b 10,8959 4o ,Tnlp S3S 08 2? JJi12 LOh L1118 120,
el 1332 L1332 eda 0789 L0778 16,42% “n,75% 515, 3504 JJ114 582 L19% 120,
22 L1401 +1401) 038, 51382 Ll 15,9524 “s, 73R §35 . adnl s ITY. ,55~ ey 13¢.,
F3 ) J14844 Jube sdy, 297 L5995} 15,0500 “n, S35 ., 6m 9@ o707 . 3405 . NS5k 138,
a 104087 L1487 o4 _08g2 Jote 15,3759 “s,7204 $35,.973%s J2uT3 34858 .15k lée,

Ml T e T D L Dl il e R Ll it i e L L b L L L L

FAT™ » FATw 8 PatTrm w
LYP S“UEL Supp &1 LTP mULES CHANNEL= TP walbw luot
PRESBURE LRUP (PSI]) 2,08 2,08 2.53% 5. %
LEAKAGE FLOW (LB/WR) 122,50 2920,09 1200,57 §72.,3¢
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CHANNEL .

INLEY VELOCITY
MABS FLUX
ACTIVE FPLOW™
ACTIVE POwER

AVERAGE DEnNBIY

AVERAGE VvOID FRACTION

BOILING WEIGHT
DELTA ENTHALPY

Y

CENeRXAR

5,59799
1,119
L1230
6 8292

25,9803
Ja821
$.33%¢
134 _3%80

PRESBURE DROP COMPONENTS

FRICTION
ELEYATION

eVIL,

~nODE
K SUAL,

s

w, 0311
e, 0001
., 0211
e, 0118
e 0000
0088
0192
L0589
L0480
L0802
«007%
« 0787
L0087
L0948
1030
100
L
1330
LA
1511
199]
1871
JA721
AN

~
1
i
3
.
s
.
L
4
E

FLOw
QUAL,

0000
«0000
: 0001
o022
0002
«0130
0218
0300
0397
N TLIY
0882
0878
0707
L0087
0%,
1038
1130
J120%
1010
1911
159
d07)
1721
l"'l

TOTYaAL
ENTHAL,
(BTU/ZLAM)

$a7_.%024
$31,123%0
$3a, 347
sS40 4880
Sas 0240
§53,4322
Se0,.2000
Se6_ 0978
$73.07%2
LA M TLL)
S85,Teet
591,7378
S97_.7c88
03,0%%
409 2042
15,119
e21,0340
A b ol
33,3113
3% s
648 %880
eS0,7219
059,055
(1 LL ]
aad Jo1t

GEUNETRYY CEN
T, /8EC,
MLB/HR_SCFT,
NLA/-R

Y

LBM/CU,FT,

InN,
BTU/LEN

yulpD
FRACTY,

FLUw
DENSITY
(LB/CU,FTY

0,0000
L0000
L0084
L0534
072
L1818
26,8
L3347
< JOas
La4yy
LTS
5220
. 3538
.3800
L8033
Lb247
L0840
0020
L6784
L0913
Jore
ARA
J2%
.73%0

7387

47,1378
46,975}
4o, 52462
e 192
41,6301
38,1011
14,5789
31,4453
20,8108
26,6879
24,7708
23,1983
21,8384
20,6904
|0,°7|0
18,7388
17,89
17,1087
16,390}
13,738
15,1387
14,6732
14,2380
14,0048
13,7%a9

L
FLU= ANEAM
mYDRAULIC
BYPAAS+»T F|

TAME TEW

E4)

txl,

BYPASS+»T PNmER

ACTYIVE ExIY

ACTYIVE ExIt v

CHIMNEY
CHImMnEY

FLO=

LOCAL
ACCELENATION

wATER

DENSITY
(LB/CU.FT)

47,0837
av,0720
47,0002
47,037
a%,01%0
46,9897
46 ,%0})
as,%un02
a8,%180
40,8927
TCPLIL )
TPLITY
4o, 8238
as 8013
“e,779%
“s,7%00
“s, 7328
“e,. Yol
LML LT
48,8001
46,61%
“6,.615%1
“e 5%
46,5814
46,5684

ual
vOID FRACTIOUN

w QUALTITY
10 FRACTIUN

'\ B A

TURE C
ENTHaALPY
(BTU/LR)

S28 9700
s29,.2018
£29 w47
5§29 #9395y
$3n 340
S30. 8398
531,337
$31,.80%1
$32,27%4
$32.%7214
$33,.1069%¢
$33,.6082
S3a_ 0410
S3a_ 4000
5348799
$35.51108
538,743
$36,1%13
$36,.0393
$37,087)
§37,.535)%
$37,9100
$38_ 2847
$36,5199
$38_7%%1

HAN, =
DELYa ¢}
(P81)

8.7732
8,73%2
A.913
8.8318
8,277
#,2039
8,:21%
7.6180
‘.9321
T,4002
6,775}
6, 6059
6, 5949
6,%038
S.0087
§.5686y
S,6012
b, 041)
e, 522%
4,197}
2,929
2,85%
2.7199
2,597
1.2718

RELATIVE

PUmER

PEax Y
HEAY F, |
(#BTu/nR BUFT)

«119%
«1198
2200
'??’H‘
L2040
Ll
<2300
2300
2200
2200
2140
«2140
L2080
20060
2120
2120
2200 ]
2200 |
2200 1
2200 |
o 1 BUI i
Ll i
1158 i
« 11958 i

P OF
(InN,

0,00
6,00
12,00
18,00
26,00
30,00
Yo,00
az2.00
as, 00
S«,00
60,00
66,00
72,00
78,02
84,00
90,00
98,00
02,0

08,00
164,00
20,00
26,00
32,00
32,00
46,00

PRESBURE DRQP (P81
LEARARE PLO™ (LB/H

)
n)

PATH
LTPFUEL BUPPURT

9.7
233,72

PATH ©
LTP HOLED

9,71
5550 ,20

PaTr A
CHANNEL=LT»

8,78
387,20

wATER TuBE

11. 37
2411,91

~ODE

ELEVATIOUN

3
)
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SUMMARY UF CalLCuLalliong

T T LT T T L L R b L Section 7.4
irt ), 24
TOTAL CORE POWER (mwT) 1893, 0000 NUMBER OF CHannELS 1h8
REQUINED ™add FLOn (M B/nR) a8, 0200 CALCULATED ™a88 FLuw (MLEB/mR) «7,.997%
SYBTEN PRESBURE (PBINM) 103%,0000 CALCULATEC ™af88 FLU» (L /HR/8G,FT) 1,071
INLEY ENTHALPY (BTU/LBN) 27,9024 INLET BUBCOOL ING (nTU/ Bm) 20,000)%
FRACTION OF PONER COND, THNOUGHW CLAD 9800 ACTIVE COOLANY FLOw (M A/mk) 42,0009
PRACTION OF PONER DEPOSITED InN aYPASH L0200 BYPASS COOLANTY FLOwm (M B/mx) 4, 6030
- FRAACTION OF POWER DEP_ IN WATER TUBES 0007 wATER TUBE CONLANT FLON (MLH/HR) T
TOTAL ACTIVE PLOw AREA (80, FT,) 40,0041 MAKIMUM MEAT FLUX (MBTu/mR/Su.FT) JRue
TOTAL WEAY TRANSFER AREa (100¢ 80, rFT,) Je_ oued AVENAGE WEAY FLUX (MaTU/RR/8G,FT) 158
ACTIVE COOLANTY DENBITY (LBM/CU,PFTY) FIAL L AVERAGE MODERATOR DENSITY (LBM/CULFT) 29,025«
AVERAGE ACTIVE CODLANY vO10 ~#ACTION L4390y AVERAGZ UPPER PLENUM QUALTTY L1691
AVYERAGE EXIY VYOID FRACTION 178 CW INEL EXIT QUALLTY L1002
PLENUN TO PLENUM PREBSURE DROP (P2I) 23,7482 CONE SUPPONY PLATE PRESSURE ODWOP (PRI 19,1200
STLAN PLOE RATE (MLB/NR) o, %4 SYPASS AND wATEW TUBE FLUw FwaCTION JAUe®
MARIMUM WEAT FLUX OCCURS IN CHANNEL 4 AT BTeP S
CHANNEL BUMMARY
CHANNEL NUMBER i B 3 “
CHANNEL TYPR CEnmTXY CENeBXB PEReBXB CEN=BXBR
CHANNEL SEOmETRY CEx~Y CEIned PERR CENmAR
NUNBER PER TYPRL 1] 80 &0 10
NUNBER OF FURL ROODB 4% 0000 &3, 0000 63 0000 62,0000
ACTIVE PURL LENGTH (IN) 144,0000 144,0000 144,0000 ‘44,0000
REL ABBENBLY PONER FRACTION 050 1,1000 L6000 1, 16800
ABOEM WEAY TRAND AREA (BQ,FT) Sa, 0071 07,5747 97 5747 94,0781
- ABBN NEAT TREN (WBTU/MR/BQFT) 151} 1032 L0880 L1754
ABBEMBLY FLOW AREA (88,1IN) 15,53% 15,5100 15,5100 15,0240
ABBEN WYDRAULIC DIAm (IN) 5768 S0 L5182 Ryrd
HASS FLUX (NLB/WR_BG,FT) 12272 1.,1222 L6980 1,119
INLEY PLOw VELOCITY (PY/BEC) T.232¢C s.0l131 4, 1081 0,.5980
ACTIVE FLOW RATE (1000 LB/WR) 132,098 130,918 15,0007 123,0628
LEARABE FLOwD (1000 LB/uR),
LYPeFUEL BUPPORY 2220 239 L1229 23N
LYP HOLES $.291 5,018 2,507 5,.%%02
CHANNEL=LTP 3,010} 3. 02% 1.,2800 3, 2872
NATER TUBR 0,0000 JJe01 Jr26 2,4119
NON BOILING LENGTH (IN) $.,70%0 7,052 $.7000 5,355
ACTIVE EXIY QUALITY J229 L1738 LY LA
VOID PRACT AY TOP OF ACTIVE L0028 L1347 o1 387
AVERASE YODID PRACTION 3808 487 200 L4021
N0 OF CAMY FIOWR MODEL FOR VERMONT YANKEE SAMPLE PROBLE™ 8170172

Ix0 OF JOB
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