
r

THERMAL ANALYSIS OF BIOLOGICAL SHIELD
OF FAST BREEDER TEST REACTOR

by

D. Saha, V. Sarda
Reactor Engineering Division

Bhabha Atomic Research Centre
Government of India, Bombay

Presented at the Third National Heat and Mass
Transfer Conference held during December 11-13,
1975 at the Indian Institute of Technology, Bombay.



r 131

HM-96-75

IHEHMAL AHJI2SIS 07 BIOLOGIC!!. SHIELD
OF 7X31 wwfcKuwH IBSS BBâCIQl

D. Sato, V. Sard«
Beaotor Engineering Division
Bhabaa Atonic Besearoa Centra
Gorerawnt of India, Boabay

Abstraet

A design optialsation of tha biological shield of Taat

Breeder Mat Baaetor was carried oat valse .Coaputer Code HEATHS.

The effect of different heat sources, variation of coolant tobe

pi ten elrel» radius» eaalaat tcaperature, ansala? yitafc of

eoolast tabes and tharaal conáuetírii^ of coasrate tm the tespex»

atura distribution »ltain tha shield has been studied.

I .

The purpose of tha biological shield smerotmdlng a nuclear

reactor is to attenuate tha neutron and photon eatssion fron tha

reactor doía to a relatively safe biolegicavleVel at the outer

periphery of the shield* Absorption of neutrons and photons in

tin shield saterlal is accospanied by liberation of energy «bich

appears as heat. Zhis internal heat source causes tesperatore

rise is the aaield. The external teat sources may also contribute

towards shield temperature rise. Hence, adequate cooling Is

required to keep the shield temperature below Ike m r l m m

permissible limit la order to ensure physical integrity of shield

aaterial* Ibis necessitates eraluation of testpftrature distribu-

tion within the shield, is an essential aspsct of the design of

the biological shield of fast Breeder last Reactor, the effects

of different types of heat sources and Tariatlon of certain

design parameters on the teaperature distribution in the shield

hare been studied using the coaputer program H3ÁIIHG.

II. SBSCBiraiQg OP IHB BIOMSICAL SHIBED:

Thõ biological shield is hollow-cylindrieal in shape and

located concentrically with and around the reactor Teasel. The



•roe» sectional vlM of • ejasalij sector of tiM shield has been
depleted la f lg. Is« It H H l i t i of two parto t «a Ina»? bio»
logical shield aado of 25í berated concrete and «a outer bio-
logleel shield made of ordinary oonercts, separated by an air
f ap of width 0.05 wtocs ifelea aeta aa a bead bwajt«.
V«rtloal ooolaBtMbaa av« «ifiMddvd in ttaa inner blologioal
«alelA la a «lrele at regalar tatarralc Alternate tubes set
ooaasotaC to two iaiepsodeat ooolaat «ireuits«

•»at a« «Mperatur* tbs shield oca
as tail—i

•aargy absorbed in «w shield froa
aautroas aad photons la ultlaatsly ooorerted to beat, lbs
radial varlstloB of heat gentratloa rats la the shield is alaost
expooeatial i» mature as shorn la f 1«. 1b» Heat generated la
the Otttsr biologiosl shield i s iasigaifioairt and has been
neglected in. the present analysis.

2 . Bfl1 gflMTQtf Q>s blologlosl shield reoeives heat
froa the hielt temperature r»aetor Teasel also, «faioh i s laoideat
«s th« isss? —01 «? «i* sM93âs S» •Mcaitiide of heat fliat la
0.55 Ks/fe2*

Effects of •arlatioa of the following psraaetera on Ob*
shield temperatura distribution hers been studied*

1» Onolant titiim Pitch dral*. l^lltMt *«* radial dlstaaoe
between the plame of •axiaua heat generation rate (inner «all of
shield) and ooolant tubs i s detsndasd by «w ooolaat tube pitoh
eirele radius» the effeet- of «hangiag tiie pito» circle raUns
from 2*41* to 2*46* has beta studied.

lagnlsr pHwa of ooolsat tubs



1« 2 dagrata» Sine«, la tha « m t of fallur« of am coolant
circuit tte altaracta W M «Ul not recair« aogr coolant, the
«ff«etiv« «ocular pitch will bacoa» 4 d«gr««a. Tttaateaaaita-
tad «ralnatlca of taaparature distribution tor f i w r alts*
of 2 dagraaa «aft 4 dagraaa*

ljala vw eaexl«detaliltd
oat for ooaUnt

401 40*0 {i*r
15*C Cfor eW£l«d

wrrim mtos

to awMtrtalB acnftaetlTlt7 of *UM
oparatia«; caiiltlon*.
for fa* «ftarta* «alua» of

to taka Into
aooouat tti« «acsrtaiiiligr

cod« «tale* a n aolv« »Urn&j *t** anA/or tnasiastkeat
i mrtmlian aroàlaa*. 3Ua eoia «w nrljliiaiV «artlopad for
IBM Coaeatar and haa oaaa adapDat for H8M-6 aad COC-JSOO
Coaputaz». JMljnala of OMt ta» or
^B^ t̂ ^^^^L^^^^^^^^^^^ B̂̂ Â M̂̂ L̂uM̂ ^̂ ^̂ ^̂ ĵâ ^̂ B̂m̂  ^^^^^M ^ai^flfv^A^B^aa^aa^^a^ahV .̂ ^^a^^^^^ãaiaMl̂ f ^^b^B^kwua^^b ^a^^^aa aaa^

t*at Urn *m*t tranafar MLXUM Urn

'» Xaa of aaat ooodaetlon aaA oaleiilataa tafagatnw
dlattltatlon «r aolrlac tha partial dlffarwttlal aqoatloa.lqr
awrloal attiwt. 9w ««uatlcw aaad, tiM UaitaUon* and
•eopa of -HM prafraa ara f^raa in wf>jca—a 1 * 2 .

TVPffT »1B1VPTC2PW «no

praaant ataà> la» eoia aaold aot ba uaad atraitfit



Soaa adjuataanta aed aodifieatloniia tapat paraaetera
kai to ba oarrlad cut «kick ara dlacaeaed balo«:

1 . »f-Tagidtnt "tirt hftelafieal
aklelá kea baa* f i n incident on i t team the ealaairla Teasel

at
whic* lackte« Uaperature. 9M prograa doaa aft aecept a

eoaaiacy wltk keat flux incident OB i t atralgkfcjaway.
fora a fi«ttUoua region la considerei at the laaar aorfac«
of «a« aktald aa akow by dattad U D M ia ft«. 1a. 9M ionar
aurfaea of tala ragioa 1« aaauMd to ba aa aaabatle ooa. A
oalaulatad haat ••»•ration . rata la aaeribaá to tala region
«U«k raaulta la a net aaat f tonatlw la fal« ragl«a aqual
to taa aat aaount of kaat inoldaat an «M aBlald lanar «all .

propar aiaulatioa of aonal incident kaat flux xaqudraa
iaotaarat i s taa f iotitloua region ta W parallel to taa

fiotLUoaa regim-akield lntarfaoe. Sa acUave tala a rery low
•ralue of tkeraal oonduetirLtr O/IOOÄ «C shield Material)
waa aaalgmd to tala region* laotiwraa tau« auale>ad aara
been aoaparad «Ltk taoaa obtained «Ilk tkeraal eaaduotiTltjr of
lictltioua region equal to tkeraal eooduotiTitgr of concrete
In fig. 2a. It c « be s^aa tkat iaoikara» obtained are parallel
to taa fletitioue reglon-ami»ld intarfaoe la tka ease of low
tkwraal aaaiaeUTltgr of fietltlowa rasioa.

2i ftHBaUT 1t7tí^íP-0Vmt A* *">* outer surface of biological
aai.eld « controlled temperature boundary at 35*C na apeeified«
Homwrer tta code calcuUtaa kaat flaw rat» tkreugk ecnraotiTé
keat tranafer type of boundary only. It alao caleulataa total
keat generation rate in the spoeifiad config^atioa. In the
abae.ooe of any eontrolxed t«nq?«rature type of boundary (foa-
««leli the «oda doea not calculate the heat flow rate) total
outwari aaat flow rate mat ba equal to tie total heat genera,
tion irate* 9Oa proridas a oosranient way of «»—«vî e the

•ceuraoy of raaulta. ?or tbia reason, art; the outer surface of
tka akleld, instead of apecified iaotiwraal boundary at 35°C,

(••;
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* cenrectiYe heat transfer type of boundary «Its. high, f i l a heat

transfer eoa£Ciclast (3000 #/S»2*C) aad a bulk temperature of

35 *C «a« essuaad. VI«. 2b «teas nodal taasaratur« at the outer

periphery for a typical caaa aad It can be aaan that wit» tal«

Nsuaptloa, practically an iaotheraal aurface hariag-t teapera-

tura alaoet •«•» a» the «pacified ana .ha« baen acUeraâ.

Aa adiabatio boundary has bean ooaelaarad «t tew inner.' .

surface of the shield« to ta* coolant pl*a a oalmil «tag rain*

of film haat traoafar ««afflolaat (3640 m/£*C) mm mtáenU,

XoagUudlaal variation of ooalaat ta«pt»ratora, aalag •••12,» «a»

aaslaetad and tha ooolaat/taaparatora mm m9i for tha /outlat

aaaljaia.

3 . Conyerg»nea Criterion: flia coda oalculataa fcaaparatura of aaem

aoda by performing a haat balança ea taa noda taJdag lato account

tha taaperatuxaa of adjaoaat aodaa and coaductancaa in batwaen the

noda«. ühaaa nodal taaparatura« ara rerlaai In tha aucceastra

iteratioaa t i l l tha Tariatton in «ha nodal taaparttura la tiw

two sucoaasire iteratiooa 1« la«« than the «pacified coorargenca

criterion at al l tha aoda«. Ska conrergenoe orltarien affecta

tha accuracy of resulte aad coaputing tiaa la »ppoaita diractioo«

i . e . deeraasa la the Tslue of conrergenoa critarion laproTas

accuracy of reaults but also increases Hn ccoputation tiaa.

7alua of conrerganoa critarloa equal to 0.00002 was used ahieh

gare leaa than 0.5^ error In haat balance which warn accepted,

'or a typical case, tia» taten by CBC-3600 cotçut«ir with tifiá'

ralua of caorarganca criterion «a« roughly 11 ainutaa.

Til . HBSPL3S AK> DIBOOSSIOBi

In order to optimLec -ralua« af design paraaatera a total

of twelve cases were «tudied and tha raluea of daaiga paraaatara

for thaee cases hare been listed in the table in f ig .3 . Vor tha

oases analysed considering the presence of air gap (ciieee 6 to 12)

heat transfer between the inner and outer shield due to natural

cosrection of air and radiation haa been neglected to obtain



conservative resulte. 'Figures 3 and 4 depict temperature profiles

along the^x - x {f ig. 1a) for cases 1 thru 12. Tor to* sale« of £ line

clarity, temperature distribution in the inner shield and only a

small part at outer shield ax« shown In these figures*

The analysis shows that the dectrease In thermal conducti-

vity increase« th« temperature gradients ineide th» pitch circle

to a great extent «hereas temperature gradients outside the pitch

circle do not change significantly (9-10*, 11-12*). Comparison-'

of curve 8 with 9 shows that an increase in angular pitch increases

temperatures but reduces radial temperature gradient. It is sees

that the high temperature in the region inside the pitch circle 1B

mainly due to external heat source, where« the internal heat source

plays the dominant rol* in raising the temperature of the region

beyond the pitch circle (1-3*, i-4*)» She analysis further reveals

that for only internal heat source, increase in pitch circle radius

causes temperature rise inside the circle but reduces the temperature

outside the circle (3-4*). But when only external heat source is

present temperatures in both the regions increase with increase in

pitch circle radius (1-2*). Though it is evident from the curves in

fig,3 that a reduction of pitch circle radius reduces the maximum

temperature of shield, the lower limit of pitch circle radius «as

fixed at 2.47m due to structural limitations. The analysis also

shows that with change injsoolant temperature, temperature gradients

in the inner shield do not change appreciably except near the outer

edge (9-11*, 10-12*). Analysis of the cases 1,2,5,6 and 12 reveals

the necessity of keeping provision for chilled water supply aa the

maximum shield temperature exceeds the limiting value (70°C).

The authors acknowledge the help rendered by Shri K.C.

Ehandelwal of Past Breeder 2est Praetor Project in preparing the

paper.
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