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a.Nbr posgs e otun iudi€d io
imp6E Ihc b6i. uJrktrEdins ol
lole and h.ar tdnsfq in ! nucldr od
bundle o, { shrll-ind{ubc h.ar
erchrngoi l{dr rcf.. dae fd
on'Ji .e B.d in dE d6iE, .nd
D.raffi. .valulioo of cmdd
pss.geq wherc srcEl htridEd ub..
may be {mrAed iisidca shetl, Dtrt ro

lrEaliDg .ondirins md desigr
rquiEmeiE rhe lio* uBs s€tio. in
$* rDtli..rim wi6 !16g rlE
itErm-*h. diEdiM, Fd.rrnplq in
compd heal eehmsets' .xt Dded

su ac.r de oien iircdmd d lh.
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do,Crd dlc 6 s6 fmriiM bd*d
$. cl.&ing .nd uE h!! dring rtE
blow dorn pne of d lo$ of .oolsl
accidenl 1 h. knowlcdgE ol tlow
diwdiq 6d heat lnnsls in L1l

bl6\d EEion is inpdrin io d6dibc
rhe Fsp.is. of rh. c@ dlins lrmd
opdtion $ &. Eno.d phs of fi.

ilo! r.n a bhkaro hts b€m studl.d
lor glophysi@i, ter irsfq.
biomcdic.l ed odr opplk loB
chi, cl .1, !l usd . ,ami-clliFic
mod.l wit[ 6nlom31 l,aisromtrion
to elvo 6r lminlr now in a P3s38E*ith lsnimeGiocl cotuoutld
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equations alon8 rith ao elljptn
pre$uE equarion
Reyiolds numh.. ot (100). rhe floe
$pdared onl), do*Brredn ol rh.
coirti.rio.. Ar hiPh.r Reynolds
numbs (1000), recncuhrion tlos was
obrajDed borh up$rcrm orrhe blockage
md oppcile rhe blmked walL. Ratogi
Pl uscn a boundlry frnsd coorninoL
ryn.m to prdic! rhc flo$ inubs *irh
various types ol 3xisymnetic
blo.L.gos. Scpararion egion bshind a
rcunden obslrudioi ,6 ,bund ro bd
lc$ severe rhan fie !n. behind a shalp

A study ol h$i nssiir in ao
in.ulu wirh a ri^g r)p€ b ockage on
rhe inn$ rub. as cdidu.td by
vileD,as el al []1. consllnl hd ntrx
\!as {pplied on ihc tube wnh rhe
blo.kage. Wall tmpe.aims and
Nus*k numb.* up$rcam of the ring
rcie 6e s{he d thos. ii rhe snooih
aniulu. lnasli.iely dolln$rean ol
rhe obnade. ft will efrpeBruE
decrcas.d sMrrly. and lhen in.rea*d
gadua11y Nusell rumbq imnedi.tl)
psr rhe blockogo ws 2.5 rim:s laryei
rhm thd upnrcrm ol ir lhe,ariti, ir
decreased slosly ro rerh rhe aully
d.velop.d ealuc. Similrr r.sulls Nerc
obraincdby Duk.rd !L [4] h a lnr,
rod bMdle wirh !n!lc J so.ph6e
no*s xherin si..ve ryp. blo.kagcs
hounied or each ol ftc rods blocked

In dE prese dumercal {udy. now
and heat lonsl* in an aorolor p6s.Ae
wtrh o snoorh blockrec o. rhc nincr
rube dre dbraircd by veryiDg the

leomdilc sd thc nolv parameE6.
Ceometic padm.b is rhc heighr ol
rh. bLockags. Ilos pmmdes ra ihe
Relnold! numbg dnd rhc Pmndrl

ksns i aht mlurom hi. midi

tumb*. Thc hLoclGi tub. is

'nainhin.d 
dt . coiMn. rcmPeBtuE

higher rhu Lle inht remp*atue while
thc .kcular ourer 1trht h insulaied,

2. M.thenlliol iod.l
FiCUE(l) sho*s rho gcomctry and the
uoordinate slstcm of a blocked
annul$. The phlthal domain of
inieEs is rhe mnular eap. ln the
onalysis, il is asuhed ln.r thr frow
ars, h symmerric in tE tdnsveEe
dnEdon. Such an sumptid limils
th. nodel ro axhymmetri. SEomerry.
Funhcr $suhprions orc 6 loll6*s:

2 The nuid is Ne*onian

L Fluid Proporllos arc consenl rhh is

a r€lid dsumption .s long s
Ienncdurc difercnces wilhin rhe

4. Ths vhcous dissipariod is ne8ligiblc

Navicrslok€ equatiois se exprss.d
in rhe vord.n),sru.m lscrion lom.
sGsdr{laie itsuib are obuined by
morching in rime, TheElbE, althouSi
the ,Nd.T is rzlid Lr tansl.nt
anrlysis, o'ly fie {ead}{are rsuLis

3. (iqr.!i!!-E!.!iJ.s$
Oovemir8 eqBrions in r
.risymmeti. soordinate syncD aE
non dnnesio'aliad aid csn b€
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p"=8. p"= lR. P.l

rrnqbdtd.dto''6di
h lh. Fw oddtd. 9*b,
,=0.0.1fte inB iub. qall, .nd

?=l or rre outr !ub. *.ll This hold!
kll iEspedY. of lh. shlF of dE
hF Iut c;d di.rihrim in rh.
DhFi€i ard dE .omDldion l dmin
is rh.M in [ig@ 0} TIE 6d{.iht
@dir r@ in rhl rmsfodrEn

!=a!) t1)
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wn.E Co .nd Cl .i. rn. s@dn.
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Sihe atr axisymhelric oo.rdlnae
slsem dcs nor lit Ihc iftgllar ini.t
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rtu$ffin d nlg.bEielly $ dEt dr
comDdioo.l &tuin k chEutd.
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Th. inNr tt ir ooiiciftd .r .
remp.drw. higner $in !h. inlcr
lemp.mluE, whil. Lh. ourer iub€ is

InE. ctrld:

,lr, =,tr. , l"'*drl

o.=,r&.ra911
,nrlow .ondni6 ld rh. wnjcny is I51:

.ftlcc ol th. rurce tnn. c6i
de variv$ dE to rhe rr&slod.lim,
ed ihc dru.dcpinienr tcm Finlte-
li$s4itrx tE b€r dorc aiiS rh.
Do\dJ.k s.rh. surEsld by

x! Eul!9!-alr4$!L
Sleady+ratc solulicns lor !p llos fi€ld
.nd cmFrd@ disribunon e
o6lIimn b, mRhina in nme. al6n
ift n p, slDl.d m.icary .nd
*rs-irEii6 .quli@ {q $lt€d
by an noodve phedure. h.tstiois aB
requiEd Io ohtlitr co@r vonicit
bomddy .ondi'io6, prnicuhn, d &e
,rn 6f di. soldi6. Ttre vddcn,
GqErion 03) ir sltld 6i.3 rfi. (ADl)
meihi. 'rh. nlw-filrdjor cq6a6
(21) h solv.d Bing $e O.u$-S.idel
ic'dion, O@ tn. vonicll, n rdy
shk G &hicv.4 L\. 66&v .qlxid is
$rr€d Bii8 nE (aDI) mdfo<i Th.
hldi6i.qffi!;6 f.ll@l
I Cihllie gFMa .@flici.6 oa

3- SolE E dicit, tr!$pd
rqGrid 6inE rh. lADl) @rhod,
d lredi!.ly $lE rhe slrr*tundid
cqutiotr The .d*r8!mc i ch..t.d-
5. Updrr. vonicily valG, !r lh. walls.
6. Upn.E rclociri6 lrorn tum'
tumrid &fi riiio. equtjoN.
7, R.rud ro srcp I mil rcnici.y

3. S.,E lh. .rc.s/ .qrdim b, th.
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Equ io$ (lr),nd (l?) {ft inteEed

-.! rh. Mrer .$rur. (^?^P) g
sb6*n ih fie Gl r. obuh lhe nniE
diEcme lom oa rcnicny lffird
sd .rcr6, eqidion!. Di*dizd

olxt.utrt. +a,, !, + utx t +

(i4)
wh.rc )ll cofrcspoids ro O 6 7,
,r,a*,r". and a! reprs.nr
irnucnG by coi\di@ md dift6i6
,r rlE f&r fac6 ofrhe elnlrcl rcllm
in rlm of rh. i tr Er. md rhe

o- d in"ruau.
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wheE ihe Lmrl hd ldnsf.r
coelficienl (I") is obriined F,om rlp

dordrcam of lhe muimm
connricrion, rhe flow lepmrd
simulhneocly al bo$ fte *Jk. Ihe
separaiion dcuB imm.diarely pBt rh.
m imm oi$ridion (z-2.0) al a
pladewherc (F2.1). Ttu m.in aow in
lhi. B8ion h houded by Mnculariotr
zlrs dn bo$ sidcs. The Ecir 

'lari6cd'ly aar ihe outer v.ll i5 nronEs aDd

larger rhe rcclEuLalion eddy in the
wakc of $e blocka€!. At (r2.5),
wheF fie blockac. ends, lhe aiaL
v.locity of fie n.in 0ow k about
nvi.e ihat ol Ih. ider velocity. ThG k
be.iu$ rh. maiD io* a@ is redu.ed
dle 10 fic rccirculailon zoDB Due ro
blo.lcge die fiole is divefred lowad
$e inmr {alL rhere ir anaches i6ell
dosn Em olrhe eddy in the Mke ol

&a!9!sl!&t&\l: horhems rd lcal
Nu$eh nunbes (no Blized vilh
rc\p{i b the vaiue ai lhe inlel) d
shown in Fiss. (6)-(7). ft h seei lhar
rhe efrccl of lhe blockage h nor lelr
0p$rea'n or iL As $e flov nca
dereGes, ilt tmperiture sradieit and

hcnce $e Nu*ell iufrh.r inqease
M.xinrum LHr tanslir mcu6 di rhe

ihe n.v $pad.!. rhc hed toisacr
dcc€ases. This k due ro rhe facr rhat
lhe reci,.ulario. eddy in the Mk. of
th. blmk.S. iesricb the convecive

3.2 E0es!-sl!!!!-!sE4r@
&emolds nmb€r: slrem panns ai
various Rc-rmlds .uftbets arc showD
ii Fi&(3) Ara low R.ynolds nLmbe.
of ro. rhe fl d diltu$s uiilomry
msd rhc bloc*ate. No upstsam or
d.wtr{rum .tfeb ar noriceabh for

lr rlis sudy, lhe iinor lub. Ediu is
desci6.d by r nolml dnribu.ion

\l)= /+he :t' "t (37)

3.1 !!!!-!!!l!!E!!:
Flo* .id h.ar raisfq ii a blockcd
ainuls ol odius rdio /=05 3k
obuined at lhe bas. conditioN the$
,ftr bto.k.ge heigh ,=0.d blochee
letreth l=1.0. lt-1000, a d
Pr=l.ocompudtiss lere t.do'med
wnh Z, d 0. .ompudion,l srlds aE

IrorL_.&!!r rM
patterns alb6e o0tlirions are sho*n
li fig. (1) Coftspohdin8 arial
\rlociiy prcnLcs ar rhe enl,aicq in ih.
trlo!:kod egion, rd doMnrcad ofth.
blockagi a( shown in I,i!. (5). h s
seen rhar rhe flow is uanaftd
upnream !f ihe blockase. as rhe
blmkcc nans at (-1.5), ther n ?
niEhr incrcas the axial wldnv
i..r rh. iiner wall rcgion. Th.rcans.
rl'e flrid accelemes util it rcdhes rhe
p$k oa tlE bLoctrBe aecru* of

'eduction 
ii rh. flor {fta in rhis

regioq main iow wiri a ceirol coE,
haviE axrl vdo.nv I b 4 tmes
hiels lh i rhc inlct vcLocity, ir



!u.h hlghly rhcds llor'. Ar R.=100.
fi. no* s@rcs d T uErrah
ecne&riotr.dly ir amed. Tls nc*
I'n.n .t R.=l coo 5tbs5 rhd d. llo$
$pimrB utl *Er. Bnrulrion .ddi6
i.e lomrd o bqh sii6 oa dr mrin
ao'. Tn. flor panen ,t R.=:@) k
rimil.' b dd d R.=ro0rl H.trr€.
ftr reieJ(io .ddi6 oi rh. our.r
wlll tnd t@ th. erir 6 !x inmr *.ll

I h. loml NNex nmh.r n !h6ei n
Fi!.(9). 'lhh fiEure ilnEraks rhe elfeur
oi Ih. Rtynolds trunbsr on helr
[daiu lilh rh. ]tuer *all. The h.or
o0,arer in..c&s in EgioDs cl!s. lo
dr bl@k!ge. TIE incr.as is ewi
nrrc d highe. Rqnolib numbcE.
!a!dl_--o!!&r siee !h€ fluid
proFnia 3'e a$uDeC h be ron{ .
th. nos fi€ld ir mt afiecd 6l rhc
lrrtdrl nmb€r EIE ol rh. Prddrl
numbn on h.a raafd ii shDm i.
fi8.(10) Ai r\e Pr.,irl db.r
incae! rh. hd Msfs imEes in

&3 Elft.1or aorelric ptr.rhd(E
i he gcotr!.rnc psia6.6 nudied is rlE
hriShr of rhd bl.ctase rt 

" 
R.riolJs

ru hsr ol 1000 whdd n d!. ilow
r rdm ii vrli .nablish.d srdn
poucrtr lb. diftercnt block helShc aru
,rown i. Fig.{ll). AboN 15%
rdudion in rhe flow aar. $a.d by d
blocL3c *irh heigh! ( tr =0.1) des nor
lrler 6e llo! As rht bld},g.

t0, Rd.Ec
l. Ciia U.. GNa X N. Rubim S. C.O,
KlElr P X., 'Srqa of lNn\rdiblr
Fl.* S.Flr,iin usnE ftinni€
Vtirbt6", Compur Flui.h. wL 9. f'p.

kufuhaidtmr! ou hnY iurl

inclt@ ro abour 40'lq ofrhe ,lor sda
(r=o.rt), iis inndre is le! clo* io
rlE ii!*r Nrll mly. Th. tloN spaEr6
in riE Ml. of rhe blc\4.. With
fuh6 ircr!& in d. blc*r8! lEiShl
(l{,.{I t .ller ii r.lr ffir rhc
Itrrd rdl alh. NNek nmbd ntio .1
dE inE sdl n sttrn in Fig.(12).
DdfitllM ol Llf b!6k'!E. th. h61
kMslq incltes 6 dE ble*.8.
h.ish indas. Ar (rr=0.1I.fr(B or
thc blck3ge arc iniis.ilianL

9 eo!d!Jg!
A ilnoiql mod.l ro predid now and

h.ul uNl:r in varhble crc$ilclionll
otr ul.r p.sag.s hB b.m d.$it.d.
nuid now and lEar taslB in cnnuli
\irh nne$ bleka$ oo ,h. imr
rub(, .t6frdinE !p ro ?5% oldE fld
'rr IBE b.r. .bhi*d. h as louid
rhd dE bleb€E d6 d .fid rtE
no$ d lo* Rclmlds nmh.E Ar
iEncr R.!ml'ls tumb.R lhc ein
ft.ruc of $e f,ou e drablislEd tr
RFl000. Up6@n .fdb of rhc
tloct Je rE small. A Rel00, th.

downrEAm of Ihe m.iinuh
consrlicrioi. H@. flux fiom fie inn.r
wsll is hi8h lnlhe Mrovftgiois ll*r
rEnstur in Ihe i.ili.l patu of th.
rcc (ulsrion eddY is loq. Howcv.r, i
ihrn ircr.s€ Ekes place it d l@tion
whcc rh€ iluid @ch* i$elf b rhc

l. R.ssi A. K., "Hynodllmi6 in
Tuh$ Penutt d by cuPiliMr
Ot6rE[d-. ASME. fhfik eng,, 6L

l. vilcre J- C6@ 8.. Sunil. v.,
'llqt 1i&sf.r in Gcffld an.ular
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Channek , ed., A. Zukdulka ain J.(&ni. p0 l nlg, HenGDheG,

,i, Drdk r i{. 1., Dhi! V. K. Du6.l R.
8., aord G.. H4rm.rr A., f*Grhe
tld T'sfs in T!b.s , ASME D.ret

5. AgrNal A K., Slngupb S.,'Liminor
flos and H.aL lmBis Ln BIGked
A.nuli , Nm.r. Her TMsf.r, pan A,

6. Penkir S. v., .l,lm.iicrl Har
r'sfcr &d Fluid FlN". clBA t.
I lmirrha., wGhingle Dc . 1940.

rt. {r) G@Dclric ..pe!t llon of blold .uul!r,

z=0.0

ais. (2) crld

=1,
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