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The Effect of Partial Baffles on Natural Convection 
in an Inclined Rectangular Enclosure 
PART II: Numerical Solution 
by PAULK.~B. CHAo·,lIDtovucIOzoE··, NoAWLaoa··· and SWAKTW. 0r0R0m.L••• 

Abstract 

1beoretical results were ol>tained by finite-difl'erClWe ooIutions for 2 • 1 • 1 eudosures with ODe partial boflle mending betweeD!be 
2. 1 heated aud cooled IIDIfaces. 1be computatiouJ were for IU -(,00(). Pr - "'. several boflle locations. b<eadths. tbiclrnessel aud 
conductivities....... complete nmge 01 iDcIiuatiotll about tbe sborteT dimensioo 01 !be eucl<>sure. 1be meau Nusselt Dumber aud 
representative streaklines are prae!lted foreadl CODditioo. 1be '"""Its are iD aond qualitiveacreement with the OllpOrimentai results 
01 Part 1 for slightly different COIlditions. 1be calculatiODl revc.al _ iDcreasinJ tbe CODductivity 01 tbe boflle reduces tbe heatlhu 
through the !laid significantly for iDdiuatiouJ Icsa thaD tbe aitical YIII... for InDSitioD iD tbe mode 01 c:imIlatioo. 

Long Synopsis 

1beoretical results are pr=nted for tbe cIf<ct 01. partial bot· 
Oe oa uatur.lI COIlvootinD imide aD iDdined rectangular CIldo
....... 1be results .. 6mited 10 • 2. 1 • 1 enclosure bealed 
iaothennally oa tbe Iuwer 2 • 1 mrface ..... cooled iIother· 
ma1Iy oa tbe opposinJ mrface. 1be four lIide·waIIs ~ post
ulated to be perfect iDsulato... 1be boflle was panllellO tbe 
1 • 1 sarfac:es ..... meuded from tbe boated 10 tbe cooled ...... 
face. 

A 6nite-differ= method was DIed 10 solve tbe equatioos for 
tbe ...,servatioll 01 mass, JDOIIletltum ..... eeeTJY iD three 
dimensintll. 

Most prior dleoretical iln<cstigations 01 _ COIIVCCtion iD 
CDclosures have postulated two-dimensional IlIOtinn. Haw
Cgel. Ibree-dimensinnality .oiInifio>nt iD aD finite eeclosures 
...... the COIltroDing bet.,. iD tbe tnDsitiOll5 iD tbe mode 01 
c:imIlation ond bence iD tbe rate 01 beat trmsfer. 

1be ooIutions wert> limited 10 • RayIelgb nmber 01(,00() ad 
OD ..,mptotically Jorge PnudtI nmber. However, plio< 
aperimental ..... tbeoretical resullK iDdicate that the pattern 
01 Qmiliotinn, tbe NDS&eIt nmber. ond tbeit vorlatioll with tbe 
augle 01 iadinatioa do _ dopend significantly oadle Prandtl 
IIDIDbet for Ylllues pulei' tbaD 0.7 iD IhiI _go 01 tbe 
Rayleigh DtUn!>e<. Fwthmnore. tbe pattern 01 <ir<ulatioa ODd 
tbe relati"" dopetIdeu<:e 01 the Ntwelt_roa tbe qle 01 
iDtIiDatinn .. bown 10 be reIalively iudependent 01 tbe 
Rayleigh nmbet _ • moderale rmgo about tbe c:IIosen 
nlue. Hence tbe results bereiD Ole peswned to be represen· 
tative for aD Jorge PrandtI nmbera ...... _eRIe ra&&" 01 
tbe Rayleigh 1IIID1ber. 

1bis dleoretical wort ... carried _ iD direct support 01 tbe 

OllpOrimental ""rk reported iD • companion paper [I]. 1be 
prinwy obi~e 01 bach IItDdlcs _ 10 iDvestigate tbe pooai. 
bIe use 01 partial boflles 10 supprw aJIIYe<:tive beat trlIDSfer iD 
ooIar coIIecton. 
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1be mathematical D>dcI ..... method 01 ooIutioa Ift'iously 
doveloped ond IItilize<I by tbe prcoent iavestigatora _ 
8dapted 10 IICCOWlt for tbe presence 01 !be baffles. This model 
postulates tbe Boussin.... simplificationa and utilizes tbe __ 
1Dr poIential _ vorticity. A oteatIy-state autinll was 
obtained by transient c:aIcuIations usinJ die ADI (altemating
direction·implicit) method with • faIse-tnlnSient tum for the 
w:etor potential. A 10. 10 • 20 &rid _ DIed for tbe IIuid 
with additioIJaI &rid poiDts for tbe boflles. 1be computed vel<>
city field _ ....d 10 compute streUIin... 1be a>rTeSponding 
partide paths wen: displayed dynamically oa • cathode ray 
tube. PIIotngraphs 01 tome 01 !bose dilpla)'J Ole iDduded iD 
tbe 6JJI paper. 1be "eng< Nusselt II1l1Tlber for "XlVectioa, 
..... tbe iDcremental Ylllue due 10 CODduetinn to tbe cooled..n 
from tbe boflle were also computed. 

Calculatioo. ~CIrried out for twn boflle I>readtbo, noo bal· 
Oe tbickn...... 3 boflle locations•• complete range 01 ratios 01 
tbe CODduetivity 01 tbe boflle 10 !bat 01 tbe lJuid, ad • com· 
plete pmUl 01 iDdinatiollJ about die sbnrter dimensi"" 01 !be 
mcJosw'es a aD. ail. 

1be Ibeoretical ..... OllpOrimentai resuh... iD aond agree
ment with reaped 10 tbe pattefll5 01 cireu1atioll ..... die trans
ition from .... mode to mother despite Jorge differenee. iD tbe 
RoyIeigh and PrandtI II1IJDbe... Howev.... these differenee. 
predude quantitative compa1iioG oldie rateI 01 beat transfer. 
1be tbeoretical ca1aIIations provide much more dotail. cIlIrity 
ODd precisiOIl tban die Cllperimental resuJto, particu1arIy with 
respect to tbe patterns 01 flow. 1bis additional iDformatinll is 
tbereby ~ II5CfuI ill iDterpretinl tbe tbermal behavior. 
lDvestigatilll such eIfectlI • boflle Ihickness ..... CODduetivity 
•	 much easier tbeoreticaIIy thaD OllpOrimentaDy. 

1be boflles ~ found 10 have relatively little e:Ife<t for tbe 
borizontallllieutatioll 01 tbe heated surface. However. tbey 
drastically modified the orientatioll ..... eou tbe amber 01 
mIJ..edIs for iDcIinatinns 01 tbe borizontal surface. 1be path 01 
<ir<ulatioll was aeneraIly mended by • boflle. 1be iDcre3sed 
cIraa oowinIlO this Iooger path••_u. the drag 01 tbe boflle 
itself. ~ced tbe rate 01 cireu1ation ODd bence tbe rate 01 
beat transfer. 

1be priDcipal reoullSOIe for. boflle mending halfway across 
tbe _Insure. 1be reoults for. 7n~th mensioa .ere similar. 
Locationi at V4. 112 _ 3/4 of tbe dis1ance between !be 1 • 1 
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eads weIe iDvestigated. 1be lIow patterns differed sipillic
antIy, 1be dill'ereuce betweal !be U4 and 3/4 locations 
IIlggesu!be possibility 01. multiple Slanooary illites dopendinl 
OIl !be coodition., _ ben« !be iaitial directiou 01. ciJcul.
tioa. 1be thickness and conductivity 01. !be bafIIe bad 0IlIy 
Jlight effects OIl !be cimJIation. 

As iIIdicated ill Figure 1 (26), !be Nusselt Dmnber _ mIuc.ed 
signifi~tIy Car aD iDclination. by. baIf-extended bafIIe, but, 
II iadicated ill Fill"'e 2 (28), only s1igh~y IDOre by !be 7nO-th 
extended _e. As iDdicated ill FJgUIe 3 (29), location. 01. !be 
baffle DOar!be e1e~d eDd produ<ed !be patest reduction, 
I'ollowed by location near !be UDele~ated eDd, bur !be centr.ll 
location produ<ed!be JfO'l1esl reduction Car large iDclinatiom. 
Figure4(21) reveab tbBl iDcreasing!becooductivityof!be bafIIe 
shilU !be minimum ill !be Nusselt llllttlber to IIIlll!Ier iDclin.· 
_, reducing its..rue Car small iDcIinations, but iBcreasing it 
Car high -.. As seen ill fiaure 4, iBcreasinJ !be thickness 01. 
!be bafIIe bas !be same eIfm II iDcreasing its conductivity. 
This iIIdkates drat cooduetioo aet'06lI !be boffIe from ooe roll-

Introduction 

1be -.-t reponed ben:in is pan 01.. COIltinuinl iIIvestigation 
01.DaluraI coovection ill endo<ures, ODe oppHcation 01. whkh is 
!be n:dnction 01. beat ...... _ the air film ill "'ar a>IIec
lOll. 1be specifi<: objective 01. !be=tWOlt is to ioftstiga'" 
!be effect 01. partial baffles ill mppressina heal transfer. 1be 
experimental pbase 01. !be iavestigation _ clesaibed in • 
compilliOll paper (I). 1be sapportinc theoretic:al_ is pre
_ted herein. Prior related work. hath experimenrol _ 
theoretical, _ discul'ed in the forme< paper. It is dI....f"'" 
suflicienr to _e !bat prio< tbeoretic:al WOlt Car partial baffles 
is limited to two-dimensional CODveaion ill endo<ures, heated 
_ cooled 011 !be -.J sides. Oor research ill COD<emed 
with liDi'" -=!osures beated from beIow and iDdined. Thru
dilnensionality is _ oaIy sicnificanl ill aD real, linite ~ 

_eo; it is ...,erally !be CODtroDing faI:tor. 

CootroDed ..nation 01. !be """'Y paru!eten 01. !be probIem
!be Rayleigh IIWTlber, !be PnurdtI 1lIIlIlbe<, !be two ospecl 
mona and two iDclinatious 01. !be -=!osure, _ !be hludtb, 
dlic1me5s _ Iocatinn 01. !be hafIIes - is more COIlVe.oienl _ 

economical wi1h !be theoretical model dwr with !be ezperi
mental apparatus. 1be calculations produce far more detailed 
iDfonnatioD dwr !be ezperimenlO. PlInhermore, oon·isodler
maIity ill !be heated _ CXlOIed_, _ heat CODduetioo 

Ilonl and dlrough !be "adiabatic 1IlIda<es" olfed !be _ 
signifi~~y ill aD experiments. Hen«, !be objective 01. !be 
combined ""rt is to CXIflfirm !be oaIidity 01. !be theoretical c:aI
CIl1ationa Car ~nlative COIlditions _ !bereby establish 
reasonable confiden<e ill !be results for Dlben. 

Conditions 

1be theoretic:al eaJculations were Car • 2 • 1 • 1 n:ctangular 
eucIosure with lIDiform dimensionless remparatures 01. 0.5 and 
-0.5 011 !be lower and upper 2 • 1 surfaces, respectively, and 
pedeetly insulated side walls. SoIutiom were obtained for ""0 
baffle breadths, two baffle thickness. three baffle locations. a 
complete series of baff1e1Duid conductivity ratios, ranging 
from perfect insulaton to perfect conductors. and a series of 
in<::linations of the longer dimension (thai is. about the shaner 
dimension as an uis) from 0 to 2..T rad. All of the calculations 
were for Pr _ s and Ra = flO). The baffle breadths and 

cen to _ bas • greater e1fea OIl !be lIow pattern, aDd 
bence OIl heal tnnsfer through the fluid, dwr oooductioa 
aIonl !be bafIIe. 

It is CODCIuded tbBt !be tbenretical method 01. solution 
cle5m1led ben:in produces reliable and detailed predictions 01. 
D&lUraI cooveetioo ill iDclined, bafIIed eDClosures. Such n:sults 
provide pater iDsighl iDto !be beh;lvior dwr ezperimental 
measurements alone. 

1be ",eraD conclusion 01. !be combined ad !beoretical iIIves
ligation is that partial baflles ClIII be .-d to modified !be pal
lI::m 01. ciJculatioD _ tbereby signilican~y reduce !be heal 
lIw< through !be fluid. 

Qaao, PaW aDd K..·B .• Ozoe. H.. Lior. H., U'ld C1urchiD, 
S.W" 1be Elfea 01. Partial Ilafl1es DII Natural CouvectiOll ill 
an IDcIined Rectangular Enclosure, Pan 1. EJ;perimental 
Oboe"'atioM. Orem. En,. FUDd/H1l. ill dIis paper. 

Iocatious <:DIRSpODd to • seIeetioo 01. !be ezperimental CIllldi
_ described in Pan I. 

Fmite Difference Method 

1be mathematical model _ process 01. solutiOll, odler tbBn 
Car !be baIIIes and Car !be bouDdaryCllll<frtiotl OIl !be z-<:omp<>
"""I 01. !be outor potential, were equi~aIent to !bat ...d by 
O2loe, et al. (2)- hence will DOt be reprodu<ed ill de<aiI. III 
-=a'1, !be idealizations 01. Boussinesq were postuIaled, the 
equations ...... dedimensionaIized _ tben tnnsformed by 
iDrroduction 01. !be _ poteDtial_ !be vorticity. Follow. 
iD& Samuels _ ChurcbiD (3), • false """"enl leJm .... iIItro
duced ill !be equation relatinl!be ~or potential to !be_
tir:ity to transform dIis cxpressioo from elliptic Carro to !be 
parabolic form 01. die -uaty _ ....lIY equations. 

1be a>ordinat..Car the model and Car !be linile-difference c:aI
CIl1atious an: indicated in Figun: 1. Xis !be dimensionless dis
tan<e ill !be InDBdilnensioo oI.!beaxlosure II measured from 
_ end, Y is measured from !be ade wall COIttaininJ !be hat· 
lie, aDd Z is measured from !be CXlOIed swface. 1be am 01. 
iDcIinatioa .. X - O. Z::::I: 1. 

III prior aaaIyseo, !be bouDdary coodition 01.=0 velocity 011 
aD 01. !be swfaces _ ..tisfied by settinJ the normaI derivative 
and !be tlDgentiai componenlO of !be outor potential to ....... 
III tbisWOlt sochcooditionslead to iDstabilityill the numeriQI 
caJculations ....p' Car prohibitively smaD time steps, pmum
a1>Iy due to !be disc.ontiouity at the flee edge 01. !be baffle. Set· 
ting the X""""""",nt 01. !be ~or potential equal to zero DII 
!be baffle, and Car COItve.oience, 011 the X • 0 and X • 2 sur· 
faces II -.u, resulted ill • mnre rapid COIlvergence 01. !be .... 
calarions to !be steady Slate. 

A lIDiform grid size of 0.1 _ used for aD of the calculation. 
resulting ill 21 • 11 • 11 • 2541 grid points, Dumbered as indi
aled. 1be plane 01. the baffle .... designated as f • NXF with 
its tip al ] • NYF. For aD 01. the calculations the bame 
extended to and was in contact with the heated and cooled SUl

faces (Z = 0.1). 

The temperature is not equal on the opposing sides of a per
fectly insulalcd baffle for unsymmelr'ical conditions. Hence. 
separate Yalu.:s were assigned as indicated. A third value is 
necessary al the tip. 
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The temperature of a perfe<tly _g bafIIe varies 
linearly betweeD tbo ....ted ODd cooled ....uces. In lamS of 
tbo pid points, 

It J - 1,2, NYF 
(1)TNXFJJt - 10 - 0.6 It - 1,2, 11 

The temperatur.. 011 a ba1II. of 611it. lIOIlduetivity were 
updated 0IIe Ilep behind tbo cuergy, -ncity IDII vdocity al
c:WatiOlll -. the fDIIowinJ odJem•. 

The temperatur. 'llriatioo IlmlOI tbo Ihiclrness of tbo ba1II. 
was postulated to be aegligible. The a>e<gy baIanoe <lrU a 
liDite elemellt of the ba1II. caD tbeD be expressed • 

II' f>T A,H 
--- "IT+ ~T+ -AX"IT (2) 
... r.r .l".L 

"IT - (T - 2T + T.... ....J!(4X)' (3) 

"IT - (T - 2T , + T....._JI(b.Z)' (4) 

The oorrespooding ClIpIUSion for !be y-di=tion depeDda 011 

J.FarJ-l 

~T - 2 (T..... - T.....Jf(b. Y)' (5)
 

w!lil. for 1 < J < NYF
 

~T - (T....u - 2T..... + T......ul'(b. Y)' (6)
 

IIld for J - NYF
 

~T - 2 [ T.._u - (1+ ~) T..... + ~ T....u ]/(b. Y)' (7) 

In !be aboYe 

i .. NXF' 
t ~ 2.3, .•• 10 
j-NYF 

For the horizontal orientation of the eD<Iooure, die scabI. 
mode of circulatioa ia toown from prior wort to CXJDsist of two 
roIkeIIs with their ues poraIIeI to the sborter borizontal 
ilimensioa of the eudosur•• For the matbematM:al model, c:ir-

Top View 

Front View 

Side View 
Perspective
 

View
 

F..,.. 2 V......m, mgl. ODd CXlOrdinatea for streak:Iine displays 

aliation of tbese roII-coD, ill eithu directioa ia equally pro!>
aIlIe. In tbo eKperimeatal wort, tbo cimlIatioa .... always 
upward Dear tbo ba1IIe IDII dcJwnward Dear tbo ends owing to 
allight DOIlisothermality ill dIe ....ted surface. Hence, a lb.r
a Iboct .... impooed • aa initial amditioa for tbo c:aJcu1a
_ 10 _ Ibis directioa of circulatioa. 

Streaklines 

Represeatatiw 1lIeatIiD.. were """'J'Uted from tbo ..lutioa 
far tbo Ydocity field IDII displayed dynamicaDy 011 die eathode 
ny tube of a Vector Geaeral3404 Display Uait using tbo pro
cedur. cIeocribed by Yamamoto et. aL (4). Pbotographs of 
tbese diaplays were ".n for four differeat YiewinI aagl..: 
jlCi."...,nve, tap, froat IDII si<Ie, • sketched ill F'IDf" 2. 

Fipr. 3 sbows streak:Iines for tbo borizoataJ orienutioa wilb 
a centraIJy located, JIOIIC()adacting ba1IIe of half breadth. it. 
jlCispe..tiv. view oflepfC5eatatiw: llIeatIiDes at the tar oftbo 
-.w. ia Ibown ill (a) and at tbo &oat ill (b). The carTeS

poodias ead, tap IDII froat (rear toII-ceIIs oaJy) vie.... OR 

Ibown ill (e) IIld (d), (e) IDII (I), IIld (s). SlreakIin•• ~ 

IeIttina tbo IWD roIkeIIs 011 the 1eft-baDJ:l Iide of (a) ODd (b) 
OR Ihowu ill (h). II ia oppar.nt that tbo cimlIatioa CIlI1sBts of 
raar toII-ecIII with their DeS par.l1IeIlO the sbortu _atol 
dimeasioa of !be encIosur•• The two bafIIe mIkdIs 011 tbo 
1eft-baDJ:l Iide OR lIJIDDl'tricaI with rcspecl to tbo pIanc 
tbrougb tbo &a 10 tbo<e 011 tbo riJItt-baDJ:l IIide. AIIIIougb _ 
oppareat from tbese pbotographs, tbc cimJlatioa ia up IIC8l 

tbo c:eatraJ piau. IIld do...a IIC8l tbo end wan.. 1bia paltUD 

diIfen oaJy llichtly from that for DO ba1IIe. FmatollDll tar 

IItteatIines OR Ibown ICparately ia (a}-{g) 1Dll1eft-tide 011.. 

oeparately ill (h), ia part 10 """id confusioa but also beeau5e of 
!be limited capacity of tbo display aait. 

Elfeet of ia<linationa 

Fipre 4 ia for a SJrI180 no! iDcIiaatioa with tbo IIIl1C bafll•. 
The froutaI raD-oeI1 at tbo .....1.Ht.d (left-hand) cad .... 
calarged IDII tbo rear roD-oeI1 .... screagthcned lIince the 
baoyaat bee up the bcat.d iD<1ia.d plate ia in CXlOrdinatioa 
with their COWIt.rcIoct..-iie circulatioa (. oicwed from !be 
froDt). The uia of the tar roD-oeI1 at lbe elevated (riJht
bond) ODd bas rotated _ 4SJr1l80 rail aad tbo froatol 
riJl1t-ban<I roII-coD .... oppareatty clecayed compl.tely owinJ 
to the oppositioa of tbo buoyant force to their doctwi5e c:ircu
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Iorion (IS Yiewed from Ibo &onl). The cIoveloprneDl of Ibo tir
CIIIatioot with lime _ an iDclination of s.180, Itattiq from 
Ibo aady motion of Figure 3 _ DO iDclinatioa, is illu5trated 
ill fi&me s. ill which Ibo stteakIin.. ore plotted _ 3S6 itera
tiodI with a dimensionlesllime Ilep of o.oOI.lIIId _ <J76 IIld 
7Q3 ituatioos with a IIep of 0.01. fisure 4 .....espcmds ID a 
few D:Jn: time IlepI. The lofl-Ismd rear JUII-ooD is ..... ID 
spread oat uiaIIy lIIId tbe:a to rotate its Dis due to Ibo IIIdden 
inclination.. 

The stteakIines _ aD enIuatioa of 1lbv'l80 ore IIbowtI ill 
Figllre 6. A single roI1-ceII DOW aim acnlII the ftoIIl of Ibo 
ClDCIoow"e with smaB JUII-ooDa at lhe.rear. The Dis of die ron
ceO at Ibo tear of Ibo elevated end baa rotated 1C rad, and aU 
_ roII-a:lla an: DOW cirallating COWlterdockwise IS Yiewed 
from Ibo fmat. ill coordination with Ibo booyam faroe. 

For aD elevation of 2lbD180 rad, ISIIbowtI ill FiFee 7. Ibo tir
cuIatioD baa ttrengthened bul Ibo _ is IIIICbanged. W"1Ih 
rartba: IImIgthening at 6OJv'180 rad, IS sbowD ill F"l&Ule 8. the 
&ontal roII-a:D ... iaqer penetrates beyond the bailie. Figure 
9 sbows Ibat _ 9lbf180 rad of iDeliJtatioa, n:sulting ill beating 
lIIId cooq OIl Ibo sides, the bailie apparently ....... a sIi&bt 
iDeliJtation of Ibo roIk:eDa with n:opect to Ibo illlulated ¥ati
cal wal1I. 

EIfect of conductivity of bafIIe 

F"1pFCS 10..12 are _ Ibo a>Ddilioos of F"..... 3, 6 lIIId g, 
=ept _ Ibo ballIe is perfectly c:ouduaiDg. The efIe<t of 
aJlldu<:rion ill Ibo '-tile is to rotate Ibo ..... of Ibo rear ron
c:dIs sicnfficantIy aad of Ibo !roIItaI roII-a:Da sIiIhtly _ Ibo 
barizontal orientatiOD, IS sbowD ill Figure 10. W"Uh iDdina
tiaa, IS sIIown ill FiFees lllllld l2. Ibo streaklin.. are similar 
to those _ IIOII<X>Il<Iu<I boftIa. 

The compUled llIea1dines _ b.tlIes of a finiIe dIiclmess ratio 
JIlL - lOll, lIIId liDite _etivity nIIioo 1:,,11; of 10 lIIId lOll 
are iDustr'ted ill fiIure U _ DO iDeliJtatioa. The eir<ulatiOD 
_ Ibo lesser a>rIduetivity ratio is .... to be IIimilar to tbat of 
fiBure 3_allOll<X>ll<lu<l ballIe aDd Ibo cim>latioG _ Ibo 
creater ratio to be similar to !bat of fiBun: 10 _ a perfe<tIJ 
c:ooduoting baflIe. 

EIfect of breadth of baflIe 

fi&ures 14-17 tbow Ibo eIIect of enending Ibo bread1b of the 
bafIIe to 71101h l1Ial of Ibo endosure. This mension does not 
ban a sicnificant efIe<t _ DO iDelination, IS s1Jowa ill Figure 
14. H.,........ _ aD iDclinatioa of s.180 rad, IS i1Iustraled in 
Figure IS, the !roIItaI roII-ceIl at the elevated cod bas _
idled; the tear OlIO baa changed its direction of circulation by 
rotating its Dis and bas IiDked itself with Ibo left &onlal roIl
ceO. At iDdinatioas of 10n/180 lIIId 6OJrIl80 rad, IS sIIown ill 
Figura 16 aDd 17, Ibo streaklines ....e become qualitatively 
similar to those of FiJures 6l111d8_a bait_ended bailie. 

Effect of Iocatioa of ballIe 

F"maIly, the etrect of Ioc:atioa of Ibo bailie is examined ill 
fisures 18-25. The tbree-quarter Ioc:atioa of Ibo baflle at the 
elevated cod produces aD oblique lIIId asymmetri<:al eir<ula
tioD with emIesence of Ibo rear roIkdls ....,. _ Ibo horizon
tal orientation of FiJure 18. For s.180 rad of iDclinatioa. IS 
iDustrated ill fiBure 19, two strong roIl-a:lls an: observed 011 

Ibo left ill c:ou<dination with Ibo buoyanl force, IIld ClIIe -at 
OlIO 0II1bo risbt. For 1lbv'l80 rad, IS sbown ill F"1&Ul" 10, Ibo 
Dis of this -at JUII-ooD bas become perpendicular to the cod 
of Ibo eadosure, wbiIe at 6OJrIl80 rad of iDclin,tion, IS sbown 
ill F"JIIl"' 21, Ibo &ontai left roI1-ceII baa spread ICt055 Ibo 
entire ClICtosuR lIIId Ibo weak roII-ceIl bas become almost 
pualleL 

The raul1s _ Ibo oae-quarter IocatioD of the baIIle at Ibo 
_Ievated cod ... sc.. ill F"1pFCS 22-25 ID be different from 
__ Ibo Ibree-quarter location. Howevu. Ibo same pat
tall _ ob<ainable _ DO iDclinatioa by Ibo _enaI of Ibo 
iDitiai aJIIdition, snggesting l1Iat multiple stationary IIllltes may 
be pasoible. 

Comparison of Ibooreticallllld experimental n:sultJ 

The saeaklin.. of F"..... >"25 are _ oomparable qoantita
tMly to Ibo pbotograplu of tncer particles ill Put I because 
of sli&htIy differelll aJDdi'iollS ill each case. Howe,er, Ibo 
results arc i:D. complete qualitative acreemem. i.e., the same 
IIIDdeo of circulatioa ... observed. Ia Yiew of l1Ie eomplex lIIId 
widely varying ,,"nems of circulation. Ibis asreemen' is eonsi
ckred to be a stroD& coaIinnatioa of Ibo reliability of the Dum
ericaI sollItioII. 



CllBIlCALE~GI~E£RING FL:'SDAME....A15 Yol. 2Jl'\o. 2 

,., I.,
 

h::.sicN ld. "'de 

I------r-
I~~ 

e 
---

Ie' lap lOt.. 

, ."',r,~ 
. 

';.,' 

1111 f,.nt Ihl 

F/6- 3 Slreaklinel fo< borizootal onent.tioa with COIItraIIy 
Iocaled, baIf-arended, IlClD-CODCIucti bafIIe 
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fi&. S 1'nDsienl behavior cl areaklin.. following 5.ofJJll nd_.tioa _cmtraIl110caled baIf-atended, DOII<Ollduct
iDabBllle 
a) Altez 356 iIIoratioos _ ¥iIIif' - 0.001 
b) Altez 476 iIIoratioos _ ¥iIIif' - 0.01 
e) After 703 ileralionl; _ ¥iIIif' - 0.01 
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F,.. 4 SlreakIin.. for SJIfI80 nd iDc6n.tioa with =traIIy 
Iocaled, baIf-enended, ~g bafIIe 
a) rear roIkeIIs 
b) left·fIOot and ript-reor mil c:eIh 

.  llIO 

~ 
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fi&. 6 Slreaklin.. for 10lIfI80 nd incIin.tiOG _ COIIrraDy 
located, baIf-emnded, IIOIKOIldncti"l bafIIe 
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r". 7 SCRakliDes for 2lbIfll1O .-d iDdinatiou with ....tnlly Fifo B su.akliDes for 6IbrfllIO rod iDcUnatiou wi1l> celllIaDy 
located. baIf-arended, IIIIIKOIIdocting balI'Ie located, baIf-arended, --.:onducting ballI. 
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Fig. 9 SIrukIines for 9Om'111O .-d iaclinarions with oelltt3l1y r".. 10 StreakIines for horizontal orientation witb ceotrally 
located, baIf-arended. DOIHXlOducting ballI. located, baIf-atended, petfealy-<:OOducting ballIe 

0) rear rnU-<:eUs; b) fro.t rnU-<:eUs 
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(a) (bl 

F." 11 Stteaklines for IlbflllO rod iDcIinatioa with centraDy 
located, baIf__ended, pedectly-a>nductina baftle 
0) left roIk:eOs; b) ri&ht mIH:eIIs 
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(a) (b) 

FiB, 13 StteakIines for borizoDtai orientatioll with c:entraDy 
located, baIf__ended baftle wish HL - 100 
0) 1;A - 100; b) 1;A - 10 
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(a) (bl 

F." 12 StteakIines for liOlIflllO rod iDcIinarion with centrally 
located, lIaIf__ended, perfectly<Ollductinl baflIe 
0) rur roll coOs; b) froDt roIk:elll 

'oo i~F =c: 
t •j ~ Iron I 

. ~g-:r-a
'al 'OJ 

F.,. 14 StreakIines for borizoDtai orientation with centrally 
located, 71Ukh =tended, DOfH:Otlductinl baftle 
0) rur roIk:elll; b) froDt roIk:elll 
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,... 15 5UealdiDeo for 5R11l1 lad iDcIinati<>D widI centrolly 
located, 7n()'th extended, IIOll-COIlductiI b8flIe 
a) left·froIIt ..... risht roIkioIls 
b) left-rear roII<zIIs 

" . 
, , 
.- 10•.

Fig. 17 StreatIin.. for 60nfllll rad iDctination with centrolly 
located, 7n().th extended, IlllIHX>1ldu<ting b8flIe 
a) IefI roII-eells; b) rear roIkeI1' 
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F". 16 StreaIclineolor lQai11l1 lad iDctination with centrally 
located, 7nlkb extended. 1IOiI-a>nducting b8flIe 
a) risbt roIkioIls; b) rear roII-eells 
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Fig. 18 Streaklin.. for horizontal orientation with cenlraUy 
location of baIf-atended, DOIH:Onductinl baflJe 
a) IefI roII-eells; b) front roII-eells 
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F,.. 19 StreakHnes for SIbflllO rad iacNnatioo wilb !bree
quarter IocatiOD of haIf_ande<!. DOll-<XlIlductina baflle 
.) left roU-aeUI; b) n,ht mIkeIls 

Iron1 -
'op 

I'if. 21 Streaklli>es for 6Il1d1llO rad iDcIinatiOD wilb !bro<:
quartulocatiOD of haIf-araDded, lIllD-CODdu<Iina baflIe 

frlDl"lt 

'op 

F.,. 20 StreakHnes for lb/lllO rad iacNnatioDl wilb !bree
quaner IocatiOD of haIf-aranded, lIOD-CODdu<tina baflIe 
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.... 22 Streaklines for boriZoatal orieDtatiOD wilb """-quar
to< IocatiOD of haIf-aranded, DOIH:OIlductina bailie 
.) left roIkells; b) ri&ht roIkeDl 
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F,.. 23 StRaktines 110< S,."lIO r.t iDclination with onc-quar
tel location of balf-e:rtended, DOIH:DDducting ba1lIe 
0) left roIk:eDo; b) left·.......... rilht roIJ..edIs 

~
'e.
 
Qi_ 

--=
I~IlIJ 
.~ 

.... 

FJB. 25 StreakIinesllo< 6O.,;fl1lO r.t iDdinatiollwith onc-quar
tel Ioeation of balf-e:rtended, ~ _ 

NusseltuambeIS 

lbe van..ti01l of the meaa N"",,1t number wilb iDcIinatioll is 
compared iD Figure 26 for DO ba1lIe, a DOIH:DDducting baffle 
and 0 perfealy .....dueting batIIe. lbe NusseIt number for !be 
c:ase of !be perfe<:lly cooduetillg baffle is based 011 !be beat IJux 
tbroogb !be lIuid ooly. since OD iDfinite IJux OCCUIS tbrougb !be 
baffle itxlf. IIo<b the iDlinilely conducting ..... !be lIO<HXIII

dueling ba1lIe are seen to reduce !be Nusselt number sicnific
andy for aU iDc1inat'ioos. Conduction in the baffle is seeD to 

shift !be minimum iD the Nusselt Dumber from 10m'11IO to 8Jrf 
lSi tad, to reduce the beat flux for low"er inclinations and to 
iocrease it for higher ones. The reduction for lower inclina. 
tions is associated with the obliquene~ of the roU-cells. The 
iocrease for higher inclinations is apparently the result of heat 
transfer from one roll-cell to the other by conduction Ronnal 
to the thin dimension of the baffle. 

II tao 

Iront 

F,..:U StRaktines for IOJlflllO iDctinatioll with """-<lUarter 
location of baIf__ended, DOn-a>rldueting _ 
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FJB. 26 Effect of pcrfeaIy-<:ondu<ting ODd IIOII-OOIldu<ting 
balIIes 011 mean Nusselt number iD iDdined enclosures 

lbe computed effect of the !bermal condu<tMly ODd tbid",e" 
of !be ba1lIe 011 !be Nusselt number is sIlmm iD Figure rJ iD 
t<rms of !be composite variablel,.IA,H indicated by eq. (2). 
lbe absena: of any parametric dcpenden<e 011 1Al or .I,A. 
confirms the YlIlidily of lbe primary approximation leading to 
eq. (i). namely. 0 negligible temperature gradient across the 
baffle. This relationship also indicates that conduction across 
the baffle from one roll-cell to another has a gre:uer effect on 
the Dow pattern. and hence on the rate of heat tnnsfer 
through (he fhsid. than conduction in the plane of the baffle. 
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F18. Z1 Etro<:t of IiniU: aJDductivity aad tbickDess of baffle OIl 

Nusselt aumbu lor borizontal orieDtatioo 

F"",e 28 _ tbat e:ucnsi0ll of the breadth of • IIDIICOII

_I baflIe .... die especled effect of redncing die ram of 
beat transfer, but die marginal effea of die iacr.- from • 112 
baffle 10 • 7n0 baffle is small. 

Tbe offed: of die location of • IPlCODductinI bailie OIl die 
Nasseh aumbu is iDustra"'d in fiIure 29. Tbe two DOD<eIIlrai 
locatio.. Rduce the boatlha It small iDcIinations, bat c:eotraI 
location of die baffle p"oduces doc _ lha It high inclina
tions, aad location of die baffle in die lDlelevated eud die 
patest. 

Tbe results in fisures .28 .... lor beat lha tbrOlJlb die Ouid 
0IIIy. Fw baIlIe:s of liDite mndnetivity aad tbEkness ... addi
tional boat lha passes between die baflIe aad die heated aad 
cooled ~. For • lbictness ratio HlL - 100, the c0m

puted iacrement 10 doc ovenJI Nusselt aumber is O.lIS, O.D 
aad 2.5 lor .t..It. of 10, 100 aad l000,le5pedi1IeIy. 

Conclusions 

Tbe sood ap=nent between die computed lIDd measured 
ICIU!lS iDdicates that sacb cakulations, ...... with • cn>de pid. 
em be relied upon 10 _e.aI die plttern of flow. 

Tbe computed flow pltterns .... _ from die IIiiearins tbat 
ICIU!II from cIiffusion aad settlinI of die _ partide:s of die 
eoperiments, lIDd from die unavnidable _mali.. iD die 
eoperimenuJ boondJtIY conditiOD&. Tbe theoretical model also 
allowed. more oystematic Ilm!y of die _ ad CXlDduo
.mty of die baIlIe:s than _ f....ible ezperimentaDy. 

lDcRasing die CXlDduetivity of die baIlIes radically changes the 
IIow plttern, redu<es die iDclination lor the minimum in the 
Nasselt DUmber, nduces die beat lha tbrouglt the Ouid lor 
iDelinario..... than die critical value and increase:s it lor 
pater iD<Jinations. Tbe beat 8ux between die bailie ad the 
bealed aad cooled swfaces is negligible lor smaIIlXJIIduetivity 
ratios bat becomes silcificant • .t..It. ezreeds 100. 
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baflIe ... Nusselt DUmber in iDcIined eDclosures. 
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TIle computed effects of bafIIe breadth ODd location 011 !be 
putem of ciIculation ODd !be Nasseh DUmber ore similar to 
tbo<e d••aibed in Put I of this iDvestigati<Ja [1). aud hence 
Me<! _ be """",ted bere. 

TIle ooeraIl a>Ddusiou of !be eombined esperimental aud 
lbeoreticll iDvestigatioa is tbat panioI baffles COD be used to 
modify the ...nem of ciIculation mel lbereby reduce !be beat 
IIw< due to DaturaI coo,eaioa signifi<:antIy. 
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