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studied uaiag the ooaputer progranaa 5HABSA ml the results are

presented la tola paper* She äfftet of «a incroao« in the leak-

age flow fraction, 1.«. tbt fraction of total flow which bypasses

the fuel aaaeably. on the taersal hydraulic perforoaace of the

oox« ha« alao been atudied.

II. HSCRIPTIGff Of TUB BEiCVOK GO I

laah of tt» two BotUaf Vater Beaotora at Xarapur baa 284
fuel aeeeablies bouaad In • pressure reaael. the oross-seotlon
of a typioal fuel aaaeably along «1th a control rod la ahowa in
fig. 1a. lash fuel aaeeabljr boa 36 equal diaantar fuel roda
leraacei la aojuara lattice within a ehvoud of eguare oroaa aeotioa»
Siaaa roda an atta«bad to as upper and a lower tie plate with
áíerca apaaexa la between. The aaseably resta on aupport oaetiac
aa ahowa in tig» 1b. She aupport oaatia$ la o^if load to reduce
the flow dependency on power by lqexwaaiag the fraotLoa of fuel
•aewebly preeaure drop which ie power independent (single phase
pressure drop at inlet)* Peripheral fuel aaseabliea which generate
leea power, hare aora restriotire orifioaa than the interior ones,
fi» total coolant flow whloh antare the core, distributes between
the Tarioua fuel aaaeabllea on tbe basis of equal pressure drop
la all the aeeeabliea* Because of Hie clearances and tolexanoes
of Tarioua ocapoaenta in the flow path between the pressure ressel
lallet and inlet to fuel aaawbliea, part of the coolant bypasses
tae fual aaaeabUea a« shown la fig. 1b. Thia is called leakage
fiou* Ihia leakage flow «Lsaa with Sie aotira coolant (i.e*
oooiLant flowing through fuel asseabUee) at the core outlet.
9 M leakage flow aay change with ttaa baeauaa of change in
clearances oaused. by ln-r«aator creep.

i n , ooicoroa EBOOBAMMZ TBMSKA

tb» analysis has bewn carried out using the computer code
BttJBU. A detailed description of the code i s giren la refer-
ence 1. Tor the analyaio, the fuel asseablies la the core are
divided lato a nuaber of ohannel Igrpea haring same axial and
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radial power factors and other thermal hydraulic characteristic«.
She code has now been modified to accommodate a maximum of 12
channel types and 24 axial nodes for each ohsanel. Results of
analysis« carried out using the code THÍ3ÍU, ar9 fed as input
into a computer programme to evaluate physics parameter». These
calculated values of physics parameters for some typical oaves were
compared with the value» obtained from direct in-core measurements.
k good agreement between the two values was observed. A. beief
description of the code follows.

Either the total core flow or the core pressure drop can
be specified as input for the code. When one of Ifae two is
specified a« input the other is calculated. The coolant flow
distribution between the various fuel assemblies is e«tin»tad on
the basis Of equal pressure drop in all the assemblies. For
each channel type,, the code carries out a node by node calculation
from bottom to top. The following pressure drop components a n
taken into account in calculating the total pressure drop.

1. Friction pressure drop (io non-boiling and boiling region)

2. Local pressure drop (in inlet section, spacers and upper
3. Acceleration pressure drop *le p l a t e5
4. Elevation pressure drop

übe coolant flow through the various channel types JL»
adjusted so that the core presoure drop or the total core flow
agrees with the specified input value, within the convergence
Halts specified. The steam quality, void fraction, Critioal
Heat Flux (CHP) «to* are calculated by toe code.

IT. ASALY31S

übe present analysis has been oaçried out for a core power
of 700 MWt. Twelve channel types» eaob with 20 nolaa hare been
considered. The average pressure of coolant is 1030 psla and inlet
enthalpy is 506.1 Btu/lb. ?or a total core flow of 2.92 x 10 7 lie/or,
the analysis has teen oarried out to study the effect of (1) change
in axial power distribution and (2) change in leakage flow. Xeepins



t ie leakage l i o » ooaataat at 1Ç5É of total flow, ttaa affaot of
changing th« axial flux distribution in suob a way that tba paak
ehif ta fro« near Vom bottoa of the oora to aaar tfcc top baa baan
enalyaad. for both tba eaaaa the total oore flow ia &wuwd to be
the s«aa. Ihia assuaption i a justified because, m indieatafi in
tba next aactlon. tba differanoaa batwaan fee prasaura drops for
tba two oaaaa ara lnaignlfloant wbaa ooaparad to the total pressure
drop in tba oirouit. *ext, for a bottoa-peaklng axial flux dis tr i -
bution, tba affaet of a ohang» in tba leakage flow fxoa 1OJÉ to 20fC
and 30JÍ waa exaalned* The dftta uaad for tba analysia la gfrfa In
Xabla 1. Xba raaulta of tba analyeia am dlaouaaad l a H&t aaxt
aaotioo*

T. DISCDSSIQg 01*

Bf*«ot of Vm*±mk± in A d l l Baat l i Tha

analyaia indloataa that for a giran total flora flow« tba obanga in
heat f luz froa bottoa paak&ng to top paakiag baa only ar vary atoor
iafluanòa on tba «oolant flow diatribution throu»* tba Tarloaa
ebanaala* Vor channel tgrpaa 1 to 7« tba flow aargiaallr iaeraasaa
«baraaa for ebaanal typta 8 to 12 I t daoreaea« alirfitly. Sua
raaulta in a eorraaDondlag daeraaaa in axit ataaa quality tor
chaanal t̂ paa 1 to 7 aad increase in qualitgr for obaanal typee
8 to .12. Zba Tariatlor of ataaa quality, told fraction « d Critical
Heat ELux Hatio (CHPH), i . e . ratio of CHf to aurfaoe baai flux»
along tba fual obannal for top paaklng axial flux dlatribtxtlon i«
coaparad with that for bottoa paaklng flux in fig* 2* 10M carraa
in f i g . 2 ara for ohanoal type. 1 • lha curraa for otbar obanml
iypea alao exhibit aiai lar trande. . .

non>boiling length, oonponent presaun» dropa and Wn1«aa
Critical Beat Hux Batio (WBOIR) for tba *DO oaaaa ara ooaparad in
Table XI. lev top pes.2d.ug flux diatributian, the non boiling
length inovekoea conaidarably. übia has tba effect of reducing
the Toida and Ineraaaiug 1na ararags coolant dtmslty in tba core»
Coneequently, the eleration pressure drop alao incraaeaa. Howarer,
the friction pressure drop and local pressure drop daeraaaa« This
ia beeaues of reduction in boiling length (over which two phase
flow occurs)* Por top-peaking flux, tba total cora pressure drop



to 25.2 pal am agalaat 26.67 pal f o?,- bottoa paaklog oae«.

9 » ICHVS alto r«duc«a for the top-p«aklag ran. l l s o the looa-

tton of yCBfk shifts eloaer to tlw futi ohtaaal «adt.

for • total ooolawt fio» » t t of 29.2 x 10 Ibe/fer, the
•ffact of variation of leakage flo» rat« éroa lOJt to 20JÍ aal 90fC
bw t e « aaalyaed for bottoa pcskiac cd«L flux. Biao*t tkt
total cora flow i s •mnaafl to bt ooa»t«ai' M übt Xtk»gß flow
lnoraaa«8» ttw aacnatt of oooXaat wkiob i i «NdJaM« for ooollas
tha foal roda dacraasaa. Caaaaquaatljr, tba ataia qualligr at
Tarloua axial modas a« »all a« at fual sbannal «xlt iaeraaaaa aa
tba laakaga flo» iaeraaaaa. Tola baa ib» affaet of raduola« tha
MSHPB for a l l tba ebannal tjp«ia aa «wll aa tba ovarall MCBR for
tbt cora aa a «íola.

ia ltakaga flo« fraet iw iaeraMwa both friction aid loeal
prasaura drop eoBponeats docxaaa«. Ihia ia baeaua* tha raäTJetloB
oauaad by raduetd ooolant T«loeli7 through tbt foal aaa*abli«a aora
Mxm offaats any iaoraaaa dua to tba htgbar valiMa of »wo-pbaat
pravaura drop aultipliar cwiaad by inoraaa« i a «taw quality. *h*
alaratiaa prtstura drop also'decraasas baeaua« of rtduead sreraga
density of eoolaat orar tb« chanoal. Siaea, a l l U» cotpoatat pra-
aausM drop« daeraaaa, aa laakage f lo» iacraaaaa, tba total cora
pressura drop alao decraatea» la • eoaaaquaáea of ancraaaad laak-
aga flow, eran though tb« ateaa qualiiy at fual ehaanal ««it
iaereaaWf tha quality at cora «xLt raaaiaa eoaataat siacttt ttt
total cara flo» reaaina tba aaoa. Qia total oora praaaara drop»
cora MCHFR and cora « l i t quality for various laakage flowa ara
giT»m ia Xabl« H I .

1. V. T«mkat Baj, A.K. Jaaad, D. Baba, "ffBáHBUl Ooaputer
Ti nj.1 aaan for the Zheraal Bjyürauiio Aaalycis of Boiling
luolsar iaB«abll«sn. Paper Ho. C-4, Saooad laUcnal Seat
aad Xaaa Zransfer Confaraa««, I . I . I» , Eaapur.



TABUM

INPUT DATA

bhuatl typ«

M« «of ohaaa«l«
jin «Mb typ«

•Uâial tt/tmr faster

H«*t«d U»gth (ft)

Ifahwat«* Uagth(ft)

I

• 4

1.467

11.8042

o.seòe

s

88

1*483

11.8548

0.080«

3

4

1.432

12.0

0.8348

4

28

1.884

12.0

0.8348

0

4

1,398

11.8542

0.8606

6

82

1.144

11.8542

0.0806

T

4

1.824

12.0

0.8348

•

•0

1.12«

12.0

0.8348

•

4

0.709

11.8542

0.9806

10

4

0.669

11.8542

0. 9806

11

4

0.77t

12.0

0.8348

It

at

9.888

12.0

0.8348

th« axial flux di«tribatl«p for eb*na«l typ« 1 ! • givon i* f ig.2,
Tk* axial flax distribution for other channel typ«« i s «or« or l«a« aiailar»

jt,-



TABLE-II

Channel
Typa

i

8

3

4

S

6

T

8

•

10

11

IS

Non-boiling
lentth(ft)

Botto»

0.488

0.504

0.882

0.741

0.701

1.36

0.896

1.022

1,156

1.278

i«oa»

2.087

Top

2.620

2.868

2.074

2.878

3.106

1.422

3.320

Í.22S

».701

1.15«

3.250

Í.104

Friction pre-
aaura drop(pai

Bottow

8.331

8.20

8.06

7.71

7.05

6.08

7.53

0.3«

2.2»

2.14

2.40

[ 1.66

Top

0.01

0.45

0.32

6.18

6.25

5.32

5.96

5.21

1.71

1.00

1.88

1.28

Local Praaanre
drop (pai)

Battoa

15.14

15.27

16.40

15.60

15.47

16.01

15.85

16.86

21.37

81.45

81.24

21.67

Top

14.00

15.13

15.25

16.40

10.20

16.17

15.58

16.30

20.11

8» .15

20.09

20 .SO

Acceleration pre
aura drop (pal)

Bottoaj

0.572

0.545

0.544

0.6953

0.480

0.268

0.4520

0.255

0.123

0.106

0.154

o.oao

Top

0.572

0.044

0.544

0.504

0.487

0.207

0.440

0.207

0.124

0.107

0.154

0.04»

Slcyatioa pra-
aanra drop(pai)

Bottoa

2.62

2.66

2.66

2.76

2.76

3.11

2.81

3.17

2 4 9

2.08

2.78

3.40

Top

3.03

3.08

3.00

3.12

3.17

3.44

3.22

3.44

3.20

3.34

3.14

3.5T

Fatal praaaura
drop(pai)

Bottom

26.67

26.67

26.67

26.67

26.67

26.67

26 .6T

26.67

26.67

26.67

»6.67

2»»67

Top

25.2

25.2

25.2

2» .2

25.2

26.2

25 .2

86.2

25.2

25.8

85.8

[*6.8

MCHP»

Bottoa

3.12

3.14

3.28

3.42

3.33

4.03

3.40

4.38

4 . «

5.00

4.66

7.00

Top

2.34

2.44

2.68

2.67

2.08

3.66

2.67

3.83

4 3 7

5.06

4.50

7.05
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