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dbstract . ,
The core of & Boiling Water Heaotor may ese different pewsr
distributions during its operatiomal life, Bow gome of the typieal
power distributions sffect some of the ﬁn‘l bﬂnuul paremsders
such ss pressure drop, Mnimm Oriﬁ.ul &lt vz hﬁog void
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2
studied uaing the computer programs THABNA sni the results are
presented in this paper. The affect of an increase in the leak-
age flow fraction, 1.e. the fraction of total flow wiich bypasses
the fuel mssenbly, on ithe thermsl hydraiiic performance of the
core has algo been studied.

11 108 OF T CORE

Ragh of tw two Boiling Yater Reactors at Tarapur hes 284
fuel apsemblies housed in s pressurs vessel. The oross-ssotion
of a typical fuel assenbly along with a conixol rod is shom in
Fig. 1a. Bach fusl sssembly hes 36 equal diamster fuel rods
#rzanged in squaxe lattice within a shioud of square cross sestion.
fhege rods are attached to am upper mud & lower tie plate with
deven spacers in between. The sgsembly rests cn support casting
i shown in fig. 1b. s wupport casting is orificed to reduce
the flow dependency on power by increasing the fraction of fuel
szesbly pressure drop which is power indepsndent (single phese

pressure drop at inlet). Peripheral fuel agsemblies waich generate

less power, have mire resirictive orifices then the interior ones.
The total coolaat flow which enters the oore, distributes between
the various Zusl agsemblies on the basis of egusl pressure drop
in all the assemblies. Becatwe of the clearances and tolermcss
of various components in the Llow path between the pressure vessel
inlet end inlet to Dl aspimblies, part of thw coclant bypasses
the fusl agsenbliss ag showa in fig. b, This is called loaksge
flow. This leskage flow mixes with the sotive coolsnt (i.e.
coolemt flowing through fuel assemblies) at the core outlet,

The leakage flow miy chaage with time because of change in
clearances caused_ by in-reactor oreep.

IIf, COMUTER FROGRAMME THABNA

The malyeis has bosn carried cut using the computer code
THASSA. A detalled description of the code is given in refer-
enoe 1, Yor the ang'.l.niu, the fusl assemblies in the core are
divided into & mumber of chamel types hwring same axial end
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radial power factiors and uther thermal hydraulic characteristics.
The code has now boen modified to accommodate & maximum of 12
channel types and 24 axial nodes for esch chmnel. BResulis of
analysis, carried out ua:l.né the code THAZNA, are fed se input

into a computer progragme to evaluate physics parameters, These
calculated values of physice parametiers for some typical cagses were
compared with the values obtained from direct in-care measurements.
A good sgreement betwsen the two values was observed. A beief
desoription ¢f the code follows.

Bither the total core flow or the core pressure drop cen
be specified as input for the code. When one of the two ip
specified ag input the other is cslculated. The coolant flow
distribution between the various fuel assemblies is estimmted
the basis of equal pressure drop in all the assemblies. For
each chammel typs, the code carriss out a node by node calculation
from bottom to top. The following pressurs drop componenis are
teken into account in calcula’iing the total pressure drop,

1 Priction pressure drop (in non-boiling snd boiling region)
2. Local pressure drop (in inlet section, specers and upper
3. dcceleration pressure Jdrop tie plate)

4. Elevatian pressurs drop

The coolant flow through the varioug channel types.is ‘
adjusted so that the core pressure drop or the total core flow
agrees with the specified input value, within the codvergence
limits specified. The stea: quality, wid fractiom, Critiocal
Heat Plux (CHF) etc. ars caloulated by the codes

IV, ABALYZIS

The present analysis has been carried out for & core powsr
¢f 700 MW, Twelve channel types, each with 20 noles have been
congidered, The average pressure of coolmt is 1030 psis snd inlet
enthalpy is 506.9 Btu/lb. Por.a total core flow of 2.92.x 107 Ibe/hr,
the analysis has baen oarried out to stuly the effect of {i) change
in exial power distribution and (2) change in leaksge flow. Kesping
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the leakege flow constant at 1035 of total flow, the effeot of

changing the axial flux diziribution in such a way that tbe peek .
shifts frcm neur the bottom of the core to near tho top hag been
analysed. PFor both the cases the total core flow is sevumsd 0 bDe

the same. This assumption is justified because, s indicated in «
the next section, the difforences between the pressure drops for

the two cases are ingignificent when compared to the total pressure

drop in the oircuit. Next, for a bottom=pesking axial flux distri-
butin, the effect of a chags in the leakage flow from 108 to 208

and 30% wes examined. The dita used for the malysis is given in

Table 1. The regults of the analysis axe discussed in the next

AR

section, . ‘ i

Y. DISCUSSION OF HESULTS
MWW m '
analysie iridicates that for  given total aave flow, the change a 5
nmnnxrmnbotto-pomtotoppummmcmm
influence on the eoolant flow distribution through the vericus o
channels. Tor chsnnel types 1 to 7, the flow marginally incresses B
whereas for chmnel types 8 to 12 1t decreases slightly. This
ruult- in a ocorresponding decrease in exit ttnn quality for
chmol types 1 t0 7 md mraminquluw:l’oroumlmn

" 8 to0 12. The variatior of stean quality, void frastion asd Critical
. Heat Flux Batio (CHFR), i.e. ratio of CHF to surfase beat flux,
along the fuel channsl for top peaking axisl flux digtribution is
compared with that for bottom peaking fluz in fig. 2. ‘Me curves

in £1g. zmrorohmeltyﬁchtBucurnqtorotbrm ‘
‘ypes also exhibit similar trende. | . - . ‘ o g

The non-bouing hngth, cunpcuont preslum drope and nn:unl -
Criticel Heat Flux Batin {WNFR) for the #wo cases are compared in .
Table Il. PFor top peaidng flux distribution, ths non boiling . -
length incicases congidarably. This has the erfect of reducing ’
the ‘voids and increasing the svarsge coolant density in the core.

Consequently, the elevation pressure drop also increases. However,

the friction pressure drop snd local pressure Jdrop decresge. This w
is because of reduction in boiling length (over which two phase

flow occurs)s Por top-peaking flux, the total care pressure drop

e
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reduses 0 25.2 pel 8 egalmet 26.67 peil zaj,.'- bottos pesking cass.
Toe ICHFR also reduces for the top-peaking dase. Also the loca-
tion of KCHFR shifws closer to the fusl ohimmel exit.

2. 2fect of Varistion in Jeskage Flow -

Tor & totel coolemt flow rete of 29.2 x 10° lve/kr, the
effect of varistion of leakage flow rate :'rom 108 to 205 ami 30K
bas tesn analysed for bottom pesking axisl flux. Simce, the
total core flow is apsumed to be ocmetant as the leakage flow
incresses, the amcunt of coclemt which i) available for cooling -
the fuel rods decreases. Couseguently, tb stein guality et
verious axjal modes ag well s at fusl '::-.hnmll exit incresges ao
the leakage flow increases. Tais has 1he effect of reducing the
NCHFR for all the channel typus ss well as the overall WCHFR for
the core as a whole. ' :

As leakage flow freactim increases both friction asd local
pressure drop components docrease. This 1s because the reduction
caused by reduced ooclant velocity through the fusl sssvablies more
then offsets sny increase due %o the higher valuss of wo-phage
pressure drop multiplier csmsed by incresse im steam quality. The
elevation pressure drop alyo decreases becsuse of reduced sverage
density of coolamt over the chsamel. Simce, all the component pre-
ssuze drops decresse, as leakege flow incresses, the totel core
pressure drop also decrsases. As a comsequence of incressed leak-

. age f1ow, even though the siosm quality at fuel chmmel exit
increases, the quali}w' at cors exit remains comgtmt since the
total care flow remains the same. The total oore pressure drop,
core MCHFR and core sxit quality for various lesskage flows are
given im Table III. :

ERERERE

1. V. Yemkat Raj, A.K. h‘d, D, Baha, S HARNA-A cmor
Programms for the Thermal Eyiraulic Analysis of Doiling
Fuclear Assemblies”. Paper No. C-4, Seaond Naticnal Heat
sad Mags Transfer Conferemee, I.1.Te, Kmmpur.




IABLE-Y
: INPUP DATA
anx type % 2 3 R 5 ° 1 N * 10 §11 !
” ehanaele 4 28 ¢ 8 " i 4 o § 4 4 « | oo
{in eaeh type , o2
i Fh‘ Powsr Factor§ 1.407 § 1,433 § 1.492) 1.364f 1.3681 1.144] 1,924 | 1.1208 0.,700] 0,600 o.-m&o.sa
}htﬁed Length {ft) § 11,8548 111.8542 ¢ 12,0 § 12,0 $11.8842011,8548) 12.0 ] 12,0 f11.8542}11.8542 § 12,0 § 12,0
}hiutd Length{st)§ 0.9800 § 0,0800% 0,8348} 0,93483 0,980083 0.9806] 0.8340§ 0,8348] 0,9806] 0. 9606} 0.8348} 0.8348
: The axial flux distributien for chamnel type 1 is given im fig.2,
The sxial flux distribution for other channel types iz more or leas siwiler,
‘ 4
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TABLE-I
Chasnel § Non-hoiling Friction prmd Prouuu}Aecelerntioﬁ preﬁ;lentiol Pro~ 'pl‘itll prnunrol MCHFR
Type length(ft) ssure drvop(psi} drop (pei) ssure drop (psi){ sswe dnp&ui) drop(psi) %

tto-' Top § Bottow §| Top Bottom] Top § Bottom] Top Bottom Top § Gottow] Top ttom] Top
i 0.488%2.025 8.3%1 6,01 15,14 14,995 0,872 0,872 ¢ 2,62 3,03 20'.07 25,2 | a.12 | 2.34
2 0.554'!2.808 8,20 6.48 15.279 15.13} 0.548 0,844 § 2,08 3.08 20,07 § 25,2 § 3.14 § 2.44
i 3 .0 o“ii2."4 8,08 6.32 15.,40) 15,255 0,544 0.044 ; 2,66 3.09 26.687 1§ 25.2 ] 3.28. 2.5?
’ 4 0.,74112.878 7.71- 6.18 18,699 15.40}) 0,5083% 0.504 } 2,76 3,12 [ 26,067 § 25,2 1 J.42 § 2,07
8 0,79 13.1“ 1.98 8.28 " 15.47 lﬁ.é’ 0.489 0,487 § 2,76 3.17 . 26.67 .25.2 i 3,33 } 2,88
[ 1.35. t‘.&aa 8,08 5.32 16,01 10.1‘7 0.208 0,267 | 3.1 3.“' 26.07 § 25,2 | 4,03 § 3.85
1 o.;ooga.szo 783 § 5.6} 158 15.587 0.4520] 0.ea0 J2i0n | 322 §20.67 fos.a § o0 | 260
8 1,02234,228 1 B.21 16,86} 16,30] 0.285 ¢ 0,287 } 3.17 3.44 1 26,87 § 25,2 | 4,32 | 3.82
o frasshann | eos s | o] 20,1} 0.2 o.2¢ § 280 § 3.20 7 o8.67 fzs'.a 490 §4.87
10 J1.0mfe.80 § 2014 ] t.00 i 21.48] ®.15§0.108 § 0.107 | 2.08 | 3.9 §o20.67 {25.2 5,00 | 5.08
11 {1003fs.200 | 2.0 | 1000 } 81,24} 20,03 0.a0¢ § 058 §2.78 | .0¢ § 20,87 [ 28,2 | 4.t6 { 4u00
12 g.mib.m | 100 | 1.8 i 21.6] 20.20] 0,039 § 0,003 f 2.0 § 307 envet Jusia {100 {108
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AXIAL YARIATION OF FOWER FACTOR, EQUILIBRIIM GUALITY,

VOID FRACTION AND CRITICAL HEAT FLUX RATIO IN CHANNEL-Y
FIGURE-2
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