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Minimum burnout safety factor (BOSP) in a fuel assembly is a function of the
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Axial power distribution is expressed in reaector problems by values of
relative power at each of 20 axial layers as derived from TWFM or ARM data.
Meaningful representation of the axial power distribution, by a single factor
ig desireble o rapidly amalyze fuel power data and optimlze operating flux
ghapeg.
shages - rooftep ratio, manimum-to-aversge ratvio, percent saddle, flatiened
cosine, etc. - are too vague and imprecise in relatlon to BOSF.
and congistent means i3 needed to communicate more meaningful shape information
among interested parties in SRL and Reactor Technology Physies and Engineering
groupg.

A

Empirical factors which have beer used to qualitatively define flux

reliable

4 Qalculations for this work were mnade by R. H. Stephens, Summer Technical

Employee in Reactor Technology.:
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SUMMARY

Ap axial shape index (ASI) 4s developed which represents the effect of axial power
distribution on BOSF accurately enough to prediet BOSF within #5% with gross
changes in Gistribution. The index is a simple functiom of the "n" and "m"

values (see Discussion) for any distribution:

ASY = (0 . BYpax

Por constant conditions of power, temperature, flow, and pressure, BOSF in a fuel
agaembly is approximately inversely proporticnal to the ASI:

(Bosr)y . (ASI)o
The irdex is useful because:

. it provides a quantitative relationship between BOSF and axial pover
digtribution alope ~ without reference to particuler fuel assembly conditios,

. 1% is a simple function of n and m values,

. 1t is a more asecurate indicator of the BCSF - axial shape relationghip
than are rooftop ratlo, meximm-to-average ratio, or percent saddle.

COXCLUS X0i

It is concluded that either the ASI or the entire flux ghape be decumented with
calculated or reported BOSF, values, in cases where axisl shape may be lmportant
to BOSF, and reactor powver (e.g., SRL Epgineering and Physics Technical Manuals
starting with Mark 1%, Reactor Technology Engineering and Physics memorande,
projections of reactor power performance in advance conceptual fuel types and
case studies made by SRL - AOP). If this were done, apparent discrepancies can
be more easily identified and resolved by all groups.

The method used at SRP to calculate the approasch to film boiling in fuel or
target agsemblies involvwes the axial power distribution of the particular component
in the reactor flux. Reactor flux shapes are subject to considerable variation
beceuge of control rod configurations used to meet desired operating objectives.
The calculated margin from £ilm bolling varies with the flux shape and component
pouer, but for simplificetion most quoted performance levels are oply defined

at opz set of operating conditions (often based op the most convenient flux
ghapc aveilable to the calculator). This preetice has led to some confusion in
identifying differences in performance level and in incentives and goals for
axiel flux shaping. It is the purpose of this study to clarify the realtionship
between BOSF and axisl flux shape and to establish a meaningful common language
for those involved in fuel and target performance caleulatlons.
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Hominal BCBEF

Approach to film boiling in heat producing fuel assemblies is expressed by the
burnout safety factor (BOSF), which iz the minimum retio of burnout heat flux

to operating heat flux at any point in the assembly. Using the applicable
burnout heat flux correlation {Reference 1), BOSFy* is expressed by the following
equatiocn: : )

/85,300 (1 + 0.0515¢¥) /1« 0.12M(T, ., - T4n - m NE)Y T (A)
(?/8]-n ninimum

P o agsembly power, peu/hr.

BOSFN

A = surface area, £42 o
V o mean chanoel velocity at the burnout site, ft/sec

saturaticn temperature at the burpout site, °C

3
)
v

4]

T3 © Pleoum inlet temperature, °C
total temperature change of £luid within aesembly; oz

3

&

n = normalized lozal heat flux .

m = accumielated heat goneration

%he values b and m are functions of the axial power distributiom and mothing else.
For a 20-layer distribution, m is approximated at the midpoint of each layer by:

o+ 30

me  f-1 1

1
2 - 2; n
20

42))

' Por ths usual éase vhere values of n are normalized %o unity;

1
2 ne=20
20

The DEITY cede uses 50 leyers o defime flux shapes, but the same relationship
for ASK should be egually applicable.

—— T —

@ The equation is solved for each of the 20 axial layers, ucing appropriate
values for Tgat, n, and m at each layer, vhere n and m vary with the flux shape.
BC3Fy ie the minimum value over the 20 layers.

\
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To aasgsess the effect opn BOSHy of a change in axial power shape, it has been,in
the past, necessary to perform a complate BOSF calculation for the new
digtribution and compare this BOSF value with the former. As shown by Equation 4,
BOSFy is not a simple functlion of n and m.

Axiel Shana Yndex

A simple, empirical fusmction of n end m for eny given axial distribution has been
developed which.provides a good approximation of the effect of a changed axial
digtribution on BOSF. The function is called the Axial Shape Xndex (ASX) end is
defined ag followa:

A8 = (o ¢ m) ..

As shown by the exemple in Teble X, an axial flux distribution is defined by

20 values of n, the pormalized power gemeration in each layer. A value of m for
each layer is ealculated by Equation B. The ASI is the maximm of the products

of n and m over the 20 layers. Xt 18 algo of imterest that the point of minimum
BOBF is geporally at the "Index Layer®,

Validity of the index was esteblished by caleulating® BOSFy's for several fuel
agsczblies over s wide range of povers, temperatures, and wa, end for 15
differcnt axlel digtributions. Teble IX shows the ranges covered im power and
temperature. Teble XIX illustrate the range covered with the 15 axial distributions.

Representative resulits of the calculations are illustrated in Figure 1. BOSFy was
calculated for each fuel agsembly at typieal corditions of power, flow, and
temperature for each and at cach of the 15 axlal shapes. The correlation botween
AST and BOSFy 4s within about +5%, except for ome Mark V-R case with a very
extreme exinl shape (perfeetly f£lat).

.... - mand ~

The fellowing relaticnships are apparent from Flgure 1:

X
Mark V-R X = 1.07
Mark b X=0.95
Mark XX%-A X = 0.9%

For geacral application it cen be assumed thet X = 1.0 and that BOSF is then
inversely proportional to ASI.

% Phe DITEY-1 program for the ¥E 360 computer wes used for BOSF calculations.

| -
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Additional “confirmation of the validity of the ASI is shown by data in Figure 2
from Mark XIJ-A operation in the Mixed Lattice - ThOp proprem. BOSPy was
calculated for the limiting Mark XXI-A agsembly using the maximum channel
temperatures and appropriste axial distribution data. Therefore, the only cause
for any change in the difference between the operating pads from the Channel
Effluent and BOSFy limits is a change in the axial distribution. The good
correlation of the differential pad and ASI shown in Figure 2 indicates
validity of the ASY in accounting for the effect on BOSF of axial diatribution.

DAW:2vh
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Pable I

Typicel Evaluation of ASE

Layer n m n -0

1 0.b7 .012
2 0.77 .043
3 0.96 .086
L 1.06 .137
2 1.10 .191
6 1.10 .247
7 1,08  .301
8 1.05 .355
9 1.0 407

10 1.03  .459
11 1.03 .51
12 1.0 .563
13 1.06 616 .653
% 1.09 .670  .730
15 1.10 .725 .798
16 1.10 .70  .858
.17 1.0 .835  .919
I8 1.06 .889 96/
19 095 .94  .833
20 0.72 .982  .707
Axisl Shape Index = (o * m) .. = 0.942
Index Layer = 18

et
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Table IX

Pougy and Temperature Ranges Covered in Caleulations

. Inlet
Aggembl Power (M)} Temperature {SC})
VR 3 - 5.% 30° - hoo
VI-E 3.5 - 6.5 300 -~ L4590
XXI-A 8 <11 300 - Loo
L 5 «8.5 300 - Lso
Table XXX
Roanon aravsd ey a1l ™M aktrihiatddana Q+nAdAdand
AAVIAEER W WA T S Wk MY A RGRCatides  AA LD W S A W S R R R A VAL e b S
Qmax/Qave 1.0 o 1.5
RiR 0.5 - 2.2

% Sazddled shapes studieg had equal pesks:;
percent saddle is defined here &zs:

1 - relative power at either peak
minimum relative power between peaks
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(BOSF)y Versus ASI
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* These are not necessarily at comparable reactor conditions for each of the

fuel types, s0 no inference shqgld be made about their relative BOSFy's.
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Figure 2

Mixed Lattice - ThO,

Validity of Axial Shape Index
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