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A design optimisation of the biclogleal shield of Past
Breeder Test Beactor was carried out using Computer Code HEATING.
Tae effect of different hest sources, varistiom of coolant tube
pitch circle radivs, ceslmnt tenperature, snguler ;itch of
ecolant tubes and tearmal coniuctiviiy of camrete om the tesper- .
ature &stribution within the shield has been stulied. '

1. INTROPUCTION:

The purpose of the biclogical shield surrounding & muclear
reactor is to attexuate the neutron and photen exission from the :
reactor dom to & relatively safe biclegical isvel at the outer K
periphery of the ghield. Absorption of neutrons and photons in
tihe shield material is accompanied by liberation of energy which
appesars as heat, This internal heat source causes temperaiure A i
rise in the shield. The externsl heat sources may elso contribute
tomaxrds skield temperature rise. Hence, adequate cooling is
required to kesp the shield temperature below the mxximun
permigsible limit in order to ensure physical integrity of shield
material. This necessitates evaluation of temperature distribu- -
tion within the shield. As an esgential aspect of the design of
the bioclogical shield of Fagi Breeder Test Reactor, tae effects
of different types of heat sources and variation of eer;:a.i.n
degign parameters on the tempsrature distriﬁxtian in the shield
have been studied using the computer progran HEATING.

II. DESCRIPTIOE OF THE BIOLOGICAL SHISLD:

Thé biological shield 1s Mollow-cylindrical in shape and
located _concontricalh with and'aronna the reactor vessel. The




sross seoticnal visw of & symmtsy seotor of the shield has been
depioted in fig. 1s. It oousists of two parte, sn inner bio-
logioal shteld made of 2% borated concrete and am cuter bio-
logieal shield made of ordinary oondrete, sepsrated by an air
£8p of width 0,03 seters waich sote es & bond breaker.

Vertioal coolamttubes are emdedied in the imer biologicsl
shield in & eircle st regular interval. Alternate tubes sre
coumsgted to two independent coolant oircuits.

Lia JRAT. SO00RCE:

Beat sowress cawsing teapereture #ise in the shield cmn
¥ oategericed es Leilwwm: ‘
1o Inteznel Neat Sommes: Naerzy sbecrbed in the ahield from
Deutrons and photors. is ultimately converted to heat. The
radial varistion of heat generation rate In the shield is almost
expoomtial in mature as shomn iz fig. 1b. Neat gemerated in
the outer blologiosl shield is ineignificent anl hes desn
neglectsd in.the present snalysts. ' '

W The biologiocal shield :ooo:l.m heat

from the high- tomm reector vessel d-o, shioh is imcident
e%@eg&eﬂ!&&e&: The mesnitude of heat flux is
0455 Knfa. -

Iy : Lot T AL TS SRTTIN

Effects ct vu-utta of the touowug pmton on 'I'.in
shield ﬂmm di.ntrl.mu.n Bave deen -mdmz

Lo Ocolent Bade Bitch Cizols Baliug: The redial distence

between the plame 0f mxrimum beet s-mut:l.on rate {imner wail of
.uou) and ooolant tube is «umn.a by the coohnt tube pitok
oircle radiue. “The mdcmﬁn pd.hhcirchrdiul
270K 2,47R $0 2,48m hay u--wn '
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1s 2 degrees, Since, in the event of fatlure of ome coolsat
circuit the alternate twbee #ill not receive asy coolant,the
‘¢ffective angular pitch will become 4 degress.  This neceseita-~
ted evaluation of tempsrature distribution for smgular pitch
of 2 degrees and 4 degTees.

3aOoolant DONDETARIRS), To vheck thé stesIvy of wing
ohilled water im 3he cesling sywies, the analysis wes cerried
ot for coniant temperatures of 15°C (for chilled weter swpply)
sacll 00 {fer eriinxy service wter wmikyl.
W&Mﬂm It 1s
diffioult 90 secertain the sxact thermal eonductivity of this
special high-dezsily comeyeis ut opsratimg caditions. Eence
tiss snalysis bDag been earrisi st for ther wXtrems valuss of
thermal eoniuctivity, 1.5 wmi-4.0 wstte/a’C, to take into
account this uncertainity. -

e program AT £ 1.7 13 & geeralised heat
conduction code which can solve stesdy staw snd/or transtenthest
conductien probless. This cols was crigimlly developed for
IBM Computer snd hse been adapted for HESEG amd CIC-3600
Computsrs. Aselyeds Of one, tw or thres dimmsloml syeiess
caiited eut uplug Mas pusgren., - e yregrea scoeple four types
of msilaxise, vis., Smwlsted, sextact, corwetive head .
trenpfer sad a-tnild tesporainre Soumliries. Heat mcrun

tion rates whﬁdmmt. heﬂ!
mmtﬁ-mtm-ﬂﬂ:tbmwﬂ

Fourier's Lew of bset condmotion smd saloulatas temperature
© distridtation wddu tiee plrun differential an
mserioal method. The equatione -ol, the u.ll.tltiom md

s00pe of the program are given in referemve 1 & 2.
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amay, Soms sdjustments ard modificationsin input parameters
had to be oarried cut which are discusasd below:

1. Sislation ef Incjdent Fest Flux: The FITR bielogioal
shield hag heat flux incident om it from the calmmiria vessel
which 1::“ temperature, The program doss met ascept & -
boundery with heat flux incident on it struight.away. There-

fore & fiotitious region is considered ‘at the immer surface

of the shield as showa by dotted iines im fig. 1a. e immer
-urrmotthumionunn_dtobo-didnmom. A

cslaulated heat generation. . rate ix sseribed to this region

which rosults in a net heat geewratien im Wls regicn equal

%0 the net amoumt of keat mu-;t on the mhield inner wall.

Again, proper gimlation of norsal incident heat flux reguires

the isotherme in the fictitlious region te be parallel to tw

fiotitious regica-shield interfece. T ackicve this a very low »
value of thermal conductivity (1/300%h of shield material)

wes sssignad to this region. Isotherse tius sckieved kave

been scmpared with those obtained widh thermal camductivity of

Tictitious region equal to thermal comdustivity of concrete ,

in fig. 2a, It can be csom that isotierss obtsined sre parallel

t5 the Tictitious regim-shisld interface in the case of low

thermal eenductivity of fictitiows regicn.

2. Boundery Corditlons: At the outer surface of biological
shiield & controllsd temperature boundary at 35°C wes specified.
Hovever the code cl.lcnlatu‘mt flew rate through coavective
heat trmefor typs of boundary only, It also calculates totel
Jasat: gcnu;ation rate in the spocified cunﬁ&aﬁnn. In te
abgence of any controlied temporature type of boundary (for
which the code dces mot oaloulate the Meat flow rate) total
outward heat flow rate must bs squal to the total heat geners-
tion rate. This provides a comvenient way of checiing the ‘ -
sccuraoy of remults. Zor this resgam, ab the outer surface af

the siileld, instead of specified igothermal boundary at 35°C, o
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& convective heat frapefer typt o boundary with kigh film heat
trensfer coefficient (3000 w/a2*C) and s bulk temperaturs af
35°C weg ssgumed. Pig. 2b shows nodal temperature at the outer
pcriphnr:ra-atypicd cnccllit o-nbo-untht with this -
sasumption, practically an jsotherssl surface hm.n‘ & tempera-
ture almost same as the specified one has been ackieved.

An sdisbatio boundary hee bosn considered st the inner
surface of the siield, To the .coolsat pipe & caleulated valud
of £11m heat tramsfer cesficient (3640 w/al'C) wee susieneds
Inl‘lwnﬂ. variation of coslant temporatuve, hﬂc --n, wae
neglected snd the coolant/tempsrature wes used for the [wﬂot

mlnio.

3. Converzence Criterion: Ths code calc‘ul‘t“ temperature of C‘G‘

node by performing & heat balance on the node taking into sccount ‘ :
the temperatures of aljacent nodes sud conduciences in between tho
nodes. Thess nodal temperatures ave revised in the successive = i
i1terations till the variation in the nodal tempersturs in the ' ,
two successive iterations is less taem the specified convergence f
criterion at <11 ths noles. Ths convergence oriterion affects -
the accurscy of results snd computing time in cpposite directlons
i.e. decrease in the value of convergenoe criterion improves
accuracy of regpulis but also increases ths cooputation time, .
Valus of convergence criterion egual to 0.00002 was used whick
gave less than 0,57 error in heat balauos whick was eccepted..
Tor a typical cage, time taken by CDC-3500 computer with tifts:
valus of convergence criterion was roughly 11 minates.

Mg ATLY Ly WTe

ARALS el sy

ViI. AXD DI I0N:

In order to optimisc valuss ef design parameters & total
of twelve cages werc studiesd and the values of design parsmeters
for these cases have been listed in the teble in fig.3. For the
cases analywed considering tie presemce of air gap (cosas 6 to 12)
eat transfer bstween ithe inner and outer sghield due to nmatural
convection of air and radiaticn has been neglected to cbiain
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congervative results. ‘Pigures  and 4 deplet temperature profiles
along the/x —'i'_(ﬂ.g. 1a) for cases 1 thru 12, Por the sake of / line
clarity, temperature distribution in the inmer siield and only &
amall part of outer shkield are shown in these figures.

The analysis shows that the devresse in thermsl conducti~
vity increasos the temperature gradients ineide the pitch circle
to a great extent whereas temperature gradients outside the piich -
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 seen -
that the high temperature in the region inside ths pitch circle is
mainly due to external heat source, whereas the internal heat source
playa the dominant role iniaising the temperature of the region
beyond the pitch circle (1=3*, 2-4*). The analysis further reveals
that for only internsl heat source, increase im pitch circle radiue
causes temperature rise inside the circle but reduces the temperature
ousside the cirele (3-4*), But when only external heat source is
present temperatures in both the regiommincrease with increase in
piteh circle radius (1-2*). Though it is evident from the curves in
£ig.3 that & reduction of pitcﬁ circle radius reduces the maxitmm
temperature of shield, the lower limit of pitch circle radius was
fixed at 2.47m due to structural limitations. The analysis also
shows that with change in goclant temperature, temperature gradients
. in the inner shield do not ~::tiange gppreciably except near the outer
edge {(9-11%, 10-12%). Analysis of the cases 1,2,5,6 and 12 reveaels
the necessity of keeping provigion for chilled water pupply aa the
mexioum shield femperature exceeds the limiting value (70°C).

The authors acknowledge the help rendered by Shri K.C.
Knandelwal of Fast Breedsr Test Reactor Project in preparing the
paper. - '
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