
Titre:
Title:

Natural convection in a rectangular cavity with wall temperature 
decreasing at a uniform rate

Auteurs:
Authors:

Patrick Vasseur, & Luc Robillard 

Date: 1981

Type: Rapport / Report

Référence:
Citation:

Vasseur, P., & Robillard, L. (1981). Natural convection in a rectangular cavity with 
wall temperature decreasing at a uniform rate. (Rapport technique n° EP-R-81-
01). https://publications.polymtl.ca/6181/

Document en libre accès dans PolyPublie
Open Access document in PolyPublie

URL de PolyPublie:
PolyPublie URL:

https://publications.polymtl.ca/6181/

Version: Version officielle de l'éditeur / Published version 

Conditions d’utilisation:
Terms of Use: Tous droits réservés / All rights reserved 

Document publié chez l’éditeur officiel
Document issued by the official publisher

Institution: École Polytechnique de Montréal

Numéro de rapport:
Report number:

EP-R-81-01

URL officiel:
Official URL:

Mention légale:
Legal notice:

Ce fichier a été téléchargé à partir de PolyPublie, le dépôt institutionnel de Polytechnique Montréal
This file has been downloaded from PolyPublie, the institutional repository of Polytechnique Montréal

https://publications.polymtl.ca

https://publications.polymtl.ca/
https://publications.polymtl.ca/6181/
https://publications.polymtl.ca/6181/


r BIBLIOTHEQUr JAN 8 1981

ÉCOLE POLYTECHNIQUE 
MONTRÉALF

■m2»./ SERVICES DE LA RECHERCHE

28RREF, ,C6112R7C ,4 .He2es
as8nn2d268,2E1M i2lF8Fr Ed aE1WFCnn IE

ItJT2ti aAI0,aJhAI hI t 2,aJtIBTit2
at0hJj 3hJp 3tii J,54,2tJT2,
-,a2,t/hIB tJ t TIhbA25 2tJ,

lr

4o 08nnC7F 81c io 2El2ss8Fc

68178Fr HD.H

2

Ecole Polytechnique de Montréal

iCA2PQ
ÂUP 5
Campus de l'Université 
de Montréal 
Case postale 6079 
Succursale 'A'
Montréal, Québec 
R3C 3A7

R81-01
ex. 2



-------Li.^* II

1
Bibliothèque
COTE
CA aPp
up s
asi-ûi . z___

1ECOLE 
POLYTECHNIQUE
MONTRÉAL 1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

"'Tl - ▼



BIBLIOTHÈQUE

JAN 8 1981

ÉCOLE POLYTECHNIQUE 
MONTRÉAL

ItJT2ti aAI0,aJhAI hI t 2,aJtIBTit2 at0hJj

3hJp 3tii J,54,2tJT2, -,a2,t/hIB tJ t

TIhbA25 2tJ,

by

O
P. VASSEUR AND L. ROBILLARD

*9

,6EsC 4Esr,C6112R7CV T12vCFn2,G cC 5E1,FG8s 
-CR8F,kC1, Ed a2v2s ,1W21CCF21W 
5E1,FG8sV O7GlC6V a818c8 pua utm



H
h

tP/J2taJ

J1C ,F81n2C1, 18,7F8s 6E1vC6,2E1 21 8 ds72c 6E1,821Cc 21 8 FC6,81y

W7s8F C16sEn7FCV ,1C w8ss Ed w1261 2n k821,821Cc 8, 8 712dEFk ,CkRCF8,7FC
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J1C CddC6,n Ed ,1C17klCF 2n 216FC8nCc ,1C nC6E1c8Fr 6Cssn WFEw 21 n2fCo

nC6E1c8Fr 6Cssn E1 ,1C ,CkRCF8,7FC d2Cscn 81c 1C8, ,F81ndCF 6ECdd262C1,n

8FC c2n67nnCco 5En, FCn7s,n 8FC El,821Cc 21 ,1C 68nC Ed 8 nR78FC 68v2,r

L, * z( l7, ,1C 21ds7C16C Ed ,1C 8nRC6, F8,2E Ed ,1C 68v2,r 2n 8snE n,7y

c2Cc dEF , * H 81c )o



z
IAJtJhAI

l C16sEn7FC w2c,1

w8ss 6E1n,81, 6EEs21W F8,Ca

nRC62d26 1C8, 8, 6E1n,81, RFCnn7FCa
4

8nRC6, F8,2E Ed ,1C 18sd 68v2,rV 1Ul,

WF8v2,8,2E18s vC6,EFW

866CsCF8,2E1 c7C ,E WF8v2,r 21 K c2FC6,2E1W

1 C16sEn7FC 1C2W1,

x ,1CFk8s 6E1c76,2v2,r Ed ds72c

c2kC1n2E1sCnn 6EEFc218,C 1EFk8s ,E 8 lE71c8FrI

17klCF Ed 1EF2fE1,8s WF2c nR86CnI
4

17klCF Ed vCF,268s WF2c nR86Cn5
4

I7nnCs, 17klCFV ,RoLH.(I7

RFCnn7FC4

4= cr18k26 RFCnn7FCV ,RoL'(

4F81c,s 17klCFV vU84F

sE68s w8ss 1C8, ds7K lr 712, 8FC8R

c2kC1n2E1sCnn 8vCF8WC w8ss 1C8, ds7K lr 712, 8FC8
u
Wl ; tJUv8

O

28rsC2W1 17klCFo28
X
kEc2d2Cc 28rsC2W1 17klCFV ,Ro Lzz(28

6F2,268s 28rsC2W1 17klCF nCR8F8,21W ,1C d2Fn, 81c nC6E1c kEcCn 
Ed 6E1vC6,2E1

28 6F

,CkRCF8,7FC Ed ds72cJ
lzaU8

618F86,CF2n,26 ,CkRCF8,7FC c2ddCFC16CVtJ

,2kC,

vCsE62,2Cn 21 K 81c r c2FC6,2E1n7V v

c2kC1n2E1sCnn vCsE62,2Cn 21 Y 81c j c2FC6,2E1nC61



u

vC6,EF vCsE62,r12

68F,Cn281 6EEFc218,CnKVr

c2kC1n2E1sCnn 68F,Cn281 6EEFc218,CnYV j

BFCCx nrklEsn

,1CFk8s c2dd7n2v2,ra

vEs7kC,F26 6ECdd262C1, Ed CKR81n2E1 w2,1 ,CkRCF8,7FCR

x21Ck8,26 v2n6En2,r1

cC1n2,r4

cC1n2,r 8,
z

618F86,CF2n,26 ,CkRCF8,7FC c2ddCFC16CV l aU8
z

c2kC1n2E1sCnn ,2kC LbE7F2CF 17klCF(V 8,Ul

RE

tJ

7

c2kC1n2E1sCnn 8vCF8WC 1C8, ds7K 8, ,1C ,ER w8ssV n2cC w8ss 81cQw P

lE,,Ek w8ss FCnRC6,2vCsr

c2kC1n2E1sCnn w8ss 1C8, ds7K 8vCF8WCc EvCF ,1C lE71c8F2Cn Ed ,1C»8v
C1,2FC 68v2,rV ,Rno H; 81c Hm

n,FC8k d716,2E1

c2kC1n2E1sCnn n,FC8k d716,2E1r

vEF,262,r6E

c2kC1n2E1sCnn vEF,262,rO

c2kC1n2E1sCnn ,CkRCF8,7FCV LJ e Jw(UtJ 

c2kC1n2E1sCnn ,CkRCF8,7FC 8, ,1C 6C1,FC Ed ,1C 68v2,r

Q

, 6
c2kC1n2E1sCnn k8K2k7k ,CkRCF8,7FCQk8K



t

/7RCFn6F2R,n

FCdCFn ,E R7FC 6E1c76,2E1=

FCdCFn ,E k2KCc kC81 ,CkRCF8,7FC

FCdCFn ,E 8 v8s7C 8vCF8WCc EvCF 8 W2vC1 lE71c8Fr

/7ln6F2R,n

FCdCFn ,E w8ss 6E1c2,2E1w

FCdCFn ,E 212,28s 6E1c2,2E12

FCdCFn ,E ,1C 6C1,CF Ed ,1C 68v2,r6

ARCF8,EFn

* * ,L/U.K( ¥ “LuUDr(0

0z * Q’Yz( ¥ LDzUurz(

V1 * LuzUuYz( ¥ LuzUujz(

- LuUu,( ¥ 7LuUuK( ¥ vLuUur(-,

- LuUueH( ¥ TLuUuY( ¥ 0L uU uj(28



5

Ho hIJ2A-TaJhAI

J1C n,7cr Ed 18,7F8s 6E1vC6,2E1 21 C16sEn7FCn 2n Ed 2kREF,816C 21

k81r 21c7n,F28s 81c WCER1rn268s RFElsCkn q H > o /761 RFElsCkn k8r v8Fr

dFEk ,1C 62F67s8,2E1 21 8 vCnnCs Ed s2R72c 21 w1261 8 6Frn,8s 2n lC21W

WFEw1 ,E ,1C 6E1vC6,2vC 1C8, sEnn dFEk 8 ds8, Rs8,C nEs8F 6EssC6,EFo A,1CF

RFElsCkn 216s7cC ,1C 18,7F8s 6E1vC6,2E1 6EEs21W Ed 176sC8F d7Cs 21 n12RR21W

ds8nxn q z > 81c ,1C C1CFWr c2n,F2l7,2E1 21 8 WCE,1CFk8s s2R72cecEk218,Cc

FCnCFvE2F q u > o

t18srnCn Ed ,1C 1C8, ,F81ndCF c7C ,E 18,7F8s 6E1vC6,2E1 21 C16sEn7y

FCn 18vC FC6C2vCc 6E1n2cCF8lsC 8,,C1,2E1 n216C ,1C HD;Q%no J12n 2n c7C ,E

,1C FCk8Fx8lsC cCvCsERkC1, Ed ,1C CsC6,FE126 6EkR7,CF 8ssEw21W ,E C6E1Ek2y
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5EFC FC6C1,sr ,1C ,F81n2C1, 18,7F8s 6E1vC6ew8n El,821Cc lr ,1CnC 87,1EFno

,2E1 21 1EF2fE1,8s 6rs21cCF w2,1 6E1n,81, 6EEs21W F8,C w8n 8RRFE861Cc lr
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8n 8 712dEFk 1C8, nE7F6C ,CFko h1 d86, ,1C RFCnC1, RFElsCk w2,1 8 w8ss

,CkRCF8,7FC v8Fr21W s21C8Fsr w2,1 ,2kC 8n e a, 2n CR72v8sC1,

,E ,1C ,F81n2C1, 18,7F8s 6E1vC6,2E1 1C8, ,F81ndCF lC,wCC1 8 ds72c w2,1

712dEFk 21,CF18s 1C8, nE7F6Cn Ed n,FC1W,1 RCF 712, ,2kC 81c vEs7kC Ra aR 

81c 8 68v2,r w2,1 6E1n,81, w8ss ,CkRCF8,7FCo h, 2n 1E,Cc ,18, ,1C nEs7,2E1

Ed ,1C WEvCF121W CR78,2E1n w2,1 a g Q 6EFFCnRE1cn ,E ,1C ,F81n2C1, 18,7e

b218ssr 2, 2n ElnCFeF8s 6E1vC6,2E1 dEF ,1C 68nC Ed 6E1n,81, 1C8,21W F8,Co

vCc 21 ,Ro LHz( ,18, 7nC 18n lCC1 k8cC Ed ,1C nrkkC,Fr Ed ,1C RFCnC1, RFEy

lsCk w2,1 FCnRC6, ,E 8 vCF,268s Rs81C R8nn21W ,1FE7W1 j * Q LnCC b2Wo H(o

32,1 ,1C lE71c8Fr 6E1c2,2E1n nRC62d2Cc 21 ,Ro LHz(V nEs7,2E1 dEF ,1C n,FC8k

d716,2E1 81c ,CkRCF8,7FC d2Csc CK12l2, ,1C dEssEw21W nrkkC,FrM

dLYVj( * jLYVej(
LHu(

CLKVj( * CLKVej(

w1261 w2ss lC 7,2s2fCc ,E FCc76C 17kCF268s 68s67s8,2E1no

h1 v2Cw Ed ,1C 6EkRsCK 18,7FC Ed ,1C WEvCF121W CR78,2E1nV 2oCo

nC6E1c EFcCF n2k7s,81CE7n R8F,28s c2ddCFC1,28s CR78,2E1n Ed ,1C R8F8lEs26

81c Css2R,26 ,rRC FCnRC6,2vCsrV 8 17kCF268s nEs7,2E1 8RRC8Fn ,E lC ,1C E1e

h1 ,12n 17kCF268s nEs7,2E1Vsr RF86,268s 8RRFE861 dEF ,1C RFCnC1, RFElsCko

,1C 1C8, ,F81ndCFV w1261 2n Ed RF86,268s 21,CFCn,V w2ss lC Cv8s78,Cc 8,

,1C lE71c8F2Cno J1C sE68s 1C8, ds7K R 86FEnn 8 W2vC1 lE71c8Fr 8, 81r ,2kC

J1C c2kC1e, 681 lC 6EkR7,Cc lr 6E1n2cCF21W ,1C w8ss ,CkRCF8,7FC WF8c2C1,o

n2E1sCnn sE68s 1C8, ds7K O * LRl(ULx tJ( 2n ,1C1 W2vC1 8nM



HH

uQ LH)(O LuI(I*Q

I 2n ,1C c2kC1n2E1sCnn 1EFk8s ,E ,1C lE71c8Frow1CFC

h1,CWF8,21W ,RoLH)( EvCF ,1C ,ER lE71c8Fr w2ss W2vC ,1C c2kC1y

n2E1sCnn 8vCF8WC 1C8, ds7K 8n M

H
; l 
J x tJ

I uQ LH'(Le ^,( cj*
uY Y*,Q

R"J 2n ,1C 8vCF8WC 1C8, ds7K FCs8,2vC ,E ,1C ,ER lE71c8FrV 

FCn7s,n k8r lC El,821Cc dEF ,1C n2cC 81c lE,,Ek lE71c8F2Cno

/2k2s8Fw1CFC

J1C c2kC1n2E1sCnn 8vCF8WC 1C8, ds7K ,1FE7W1 ,1C w8ssn Ed ,1C C1y

,2FC 68v2,r 2n ,1C1 W2vC1V 21 ,CFkn Ed ,1C w8ss ,CkRCF8,7FC WF8c2C1,no 8n M

F H
U L$(
J uY Y*Q

H LH;(cj" Lz¥,(8v Q

>,
j3 n jH4 !f)x=En i H4 psJ ( uj"j*H cj

QQ

681 8snE lC 6EkR7,Cc lr ,1Cb7F,1CFkEFC 2, k8r lC n1Ew1 ,18, »8v

dEssEw21W CKRFCnn2E1M

, H, 5 5 H4 'i~) j- jA
Q Q cJ

LHm(H ¥» z¥,8v

21 w1261 ,1C ,2kC F8,C Ed 6181WC Ed ds72c ,CkRCF8,7FC 18n lCC1 6E1n2cCFCco

J1C I7nnCs, 17klCF l8nCc E1 ,1C ,CkRCF8,7FC c2ddCFC16C lC,wCC1 k2KCc 

kC81 ,CkRCF8,7FC J 81c w8ss ,CkRCF8,7FC J 2n cCd21Cc 8n Mw

^J ¥ ^P ¥ R1 20* 8vzlI7 * $ LH.(x
LJ e Jw( Q

H , H
U U Q cY cj
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Q ,w1CFC
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uo IT5,2hati /AiTJhAI Ab Jp, BA0,2IhIB ,OTtJhAI/

b212,C c2ddCFC16C RFE6Cc7FCuoH

J1C 6E7RsCc ,F81nREF, 81c C1CFWr CR78,2E1n LHQ( 81c LHH( 8FC R78n2e

s21C8FV nC6E1ceEFcCF R8F,28s c2ddCFC1,28s CR78,2E1n Ed ,1C R8F8lEs26 ,rRC

81c n761 17kCF268s kC,1Ecn 8n n,81c8Fc CKRs262, kC,1EcV 8s,CF121W c2FC6,2E1

2kRs262, kC,1EcV -7dEF,ebF81xCs kC,1Ec 81c E,1CFn k8r lC 8RRs268lsCo h1

,12n n,7cr 8 ,wEec2kC1n2E18s 8s,CF18,21W c2FC6,2E1 Lto-oho( RFE6Cc7FC

2n CkRsErCc 81c ,1C 6EkR7,8,2E18s kC,1Ec 21vEsvCc c2ddCFn ns2W1,sr dFEk

,18, 7nCc lr 58ss2nE1 81c cC 081s -8v2n q D > o J1C d2Fn, 81c nC6E1c cCF2v8y

,2vC wCFC 8RRFEK2k8,Cc lr 6C1,F8s c2ddCFC16Cn 81c ,1C ,2kC cCF2v8,2vCn

J1C d212,C c2ddCFC16C dEFk Ed ,1Clr 8 d2Fn, EFcCF dEFw8Fc c2ddCFC16Co

CR78,2E1n wCFC wF2,,C1 21 6E1nCFv8,2vC dEFk dEF ,1C 8cvC6,2vC ,CFkn 21 EFy

cCF ,E RFCnCFvC ,1C ,F81nREF,2vC RFERCF,r L2E861C qH' >(o tRRsr21W ,1C

to-oho kC,1Ec ,E ,Rno LHQ( 81c LHH( RFEc76Cn d2Fn,eEFcCF 8sWClF26 CR78,2E1n

w2,1 8 6ECdd262C1, k8,F2K Ed ,1FCCec28WE18s 6EkRE1C1,no J1C 71x1Ew1n 8FC

J1C to-oho ,C6112R7C 18n ,1CnEsvCc lr s21C 21 ,1C Y 81c j c2FC6,2E1no

8cv81,8WC EvCF CKRs262, kC,1Ecn ,18, 2, 2n 17kCF268ssr kEFC n,8lsC 81c 1C16C

8ssEwn ,1C 7nC Ed 8 s8FWCF ,2kC n,CR tKo pEwCvCF 2, 18n ,1C c2n8cv81,8WC

,18, C861 2,CF8,2E1 FCR72FCn kEFC 6EkR7,8,2E1n ,181 cECn 81 2,CF8,2E1 w2,1

,1C CKRs262, ,C6112R7Cno

J1C Css2R,26 CR78,2E1 dEF ,1C n,FC8k d716,2E1V ,Ro LD( w8n nEsvCc

lr ,1C kC,1Ec Ed n766Cnn2vC EvCFeFCs8K8,2E1 L/oAo2o( dEF ,1C 1Cw d2Csc

w1261 2n ,1C1 7nCc ,E El,821 ,1C vCsE62,2Cn dFEk ,Ro L.( 81c ,1C w8ss vEFe

,262,r Lw1261 FCR72FCn ,1C vCsE62,r lE71c8Fr 6E1c2,2E1n(o



Hu

PE71c8Fr 6E1c2,2E1n E1 j 81c Q 8FC 8RRs2Cc 21 ,1C 7n78s k811CFV

7n21W 6C1,F8s c2ddCFC16Cn w1C1CvCF REnn2lsC 81c 2k8WC RE21,n dEF cCF2v8,2vC

,K86, lE71c8Fr 6E1c2,2E1n dEF d, 8FC 1E, x1Ew1 21 ,1C6E1c2,2E1no

pEwCvCFV 8RRFEK2k8,C v8s7Cn Ed d, E1 ,1C lE71c8F2Cn 681 lCRFCnC1, RFElsCko

El,821Cc dFEk ,1C kEn, FC6C1, Cn,2k8,Cn Ed C2,1CF d 7n21W ,Ro LD(V EF dFEk

T 81c 0V 7n21W ,Ro L.(o J1C d2Fn, kC,1Ec w8n 7,2s2fCc lr lE,1 32sxCn 81c 

a17F612ss q m > 81c BEnnk81 C, 8s q H;> V w12sC tf2f 81c pCs27kn q Hm> 7nCc

h1 ,1C RFCnC1, n,7cr ,1C nC6E1c kC,1Ec w8n 7nCc n216C 2, w8n,1C nC6E1co

dE71cV dFEk E7F 17kCF268s CKRCF2kC1,8,2E1nV ,18, 21 WC1CF8s 2, r2CscCc

b7F,1CFkEFC ,1C nC6E1c kC,1Ec 18n ,1C 8cv81,8WC ,18,kEFC n,8lsC FCn7s,no

81r 21n,8l2s2,r 8nnE628,Cc w2,1 2, 681 lC Cs2k218,Cc lr 7n21W ,1C kC81

Ed ,1C c2n,F2l7,2E1 Ed d, 8, ,1C w8ss dFEk ,wE n766Cnn2vC 2,CF8,2E1n

LICwCss 81c /61k2c, , HQ >(o h, n1E7sc lC kC1,2E11Cc dEF 6EkRsC,C1Cnn ,18,

,1C RFCnC1, ,C6112R7C RFEc76Cn 71n,8lsC FCn7s,n dEF s8FWC 28rsC2W1 17klCFno

q2n> ,12n RFEl8lsr 8F2nCn dFEk ,1C d86, ,18, ,1Ctn c2n67nnCc 21 FCdCFC16C

2kRs262, 6EkR7,8,2E1 Ed ,1C 1Cw 21,CF2EF vEF,262,2Cn n7RREnCn ,18, ,1C Esc lE71c8Fr

J1C lE71c8FrvEF,262,2Cn n,2ss 1Esc WEEc 8, ,1C C1c Ed ,1C ,2kC 216FCkC1,o

vEF,262,2Cn ,1CknCsvCn 8FC CvC1,78ssr 8cv816Cc E1 ,1C l8n2n Ed J8rsEF%n

nCF2Cn CKR81n2E1n dEF ,1C dsEw d2Csc 8, E1C EF ,wE RE21,n 8c“86C1, ,E ,1C

J1C FCn7s,21W ns2W1, 216E1n2n,C16r lC,wCC1 ,1C 21,CF2EF 81c lE71elE71c8Fro

c8Fr vEF,262,2Cn 6E7sc lC EvCF6EkC 8, ,1C CKRC1nC Ed 2,CF8,21W nCvCF8s

/761 8 RFE6Cc7FC 18n 1E, lCC1 68FF2Cc E7, 21,2kCn EvCF C861 ,2kC n,CRo

,1C RFCnC1, 68s67s8,2E1no
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Effect of mesh sizeuoz

J1C cC,CFk218,2E1 Ed 81 866CR,8lsC kCn1 n2fC 2n Ed RF2kC 2kREF,816C

n216C 2, 2n wCss x1Ew1 ,18, 2, 21,FEc76Cn CFFEFn ,18, cCRC1c CKRs262,Csr

JE k212k2fC ,12n ,F7168,2E1 CFFEFV 2, 2n cCn2F8lsCE1 ,1C WF2c nR8621Wo

,E 7nC ,1C nk8ssCn, WF2c nR8621W REnn2lsC ,1FE7W1E7, ,1C cEk821 Ed 21,CWF8e

pEwCvCFV n216C ,1C 6EkR7,8,2E18s ,2kC 216FC8nCn k8FxCcsr 8n ,1C 17ke,2E1o

lCF Ed WF2c RE21,n 2n 216FC8nCcV E1C k7n, FC861 8 6EkRFEk2nC lC,wCC1 ,1C

8667F86r Ed ,1C nEs7,2E1 81c ,1C 6EkR7,8,2E1 ,2kC 1C6Cnn8Fr ,E FC861 ,1C

nEs7,2E1o

/R78FC 68v2,2Cn 18vC FC6C2vCc ,1EFE7W1 6E1n2cCF8,2E1 21 FCW8Fc w2,1

,1C CddC6, Ed WF2c nR8621W E1 ,1C 17kCF268s nEs7,2E1o bEF 21n,816Co

,scCF q ; > dE71c ,18, nEs7,2E1n El,821Cc w2,1 81 HHKHH WF2c wCFC R78s2,8y

,2vCsr 866CR,8lsCV ,18, 8 k8FxCc 2kRFEvCkC1, E667FCc w1C1 ,1C kCn1 n2fC

zHKzH V l7, ,18, s2,,sC d7F,1CF 6181WC FCn7s,Cc w1C1 8 d21CFw8n 18svCc ,E

/2k2s8Fsr 2, w8n dE71c lr 32sxCn q H.> ,18, ,1C 7nC Ed 8kCn1 w8n 7nCco

zQKzQ WF2cV 8WF2c W2vCn FCn7s,n FCk8Fx8lsr 6sEnC ,E ,18, Ed 8HQKHQ

H'’ c2ddCFC16C 21 ,1C 1C8, ,F81ndCF 8, w8ssn lC,wCC1 ,1C ,wE lC21W 1EwCvCF

8,,F2l7,Cc ,E ,1C 211CFC1, c2dd267s,rElnCFvCco J12n c2ddCFC16C w8n

21 Cn,2k8,21W ,1C ,CkRCF8,7FC WF8c2C1, E1 ,1C w8ss dFEk v8s7Cn Ed ,CkRCe

tn 1E,26Cc lr 27lCsF8,7FC 8, WF2c CK,C1c21W E1C n2cC Ed ,1C w8ss E1sro

81c i81c2n q HD> 21c268,2E1n ,18, 8 W2vC1 kCn1 n2fC w2ss lC6EkC 218cCR78,C

8n 28 216FC8nCn 8FC kEn, C8n2sr W2vC1 lr ,1C 8RRC8FC16C Ed sE68s ,CkRCF8y

,7FC RC8x 81c lr ,1C 71CKRC6,Cc F2nC Ed ,1C 8vCF8WC 1C8, ,F81ndCFo J1C

n8kC ,rRC Ed RFElsCk w8n 8snE ElnCFvCc 21 ,1C RFCnC1, n,7cr w1C1 ,1C ,2kC

t kEFC 21n2c2E7n RFElsCk 2n ,1C REnn2lsC216FC8kC1, w8n 61EEnC1 ,EE 12W1o



H'

CFFEF 21 ,1C dsEw 6E1d2W7F8,2E1 w1CFC ,1C ,F7168,2E1n CFFEFn 21,FEc76Cc

lr 6E8FnC kCn1 n2fC 681 sC8c ,E nR7F2E7n k7s,2RsC 6Cssno

J1CnC c2ddCFC1, FCn7s,n n7WWCn, ,18, 8 zQKzQ WF2c 2n ,1C kEn,

8cCR78,C kCn1 dEF 8 n8,2nd86,EFr cC,CFk218,2E1 Ed lE,1 dsEw 81c 1C8, ,F81ndCFo

-7C ,E ,1C nrkkC,Fr Ed ,1C RFCnC1, RFElsCk ,1C 17kCF268s cEk821 dEF 8 nR78FC

zQKHQ1*zlo t kCn1 n2fC Ed68v2,r 2n 21 d86, 8 FC6,81W7s8F nR86C w2,1

w8n ,17n 7,2s2fCc 21 kEn, Ed ,1C 68s67s8,2E1n RFCnC1,Cc 21 ,12n n,7cr CK6CRy

,Cc dEF ,1C 68nCn 21vEsv21W FCs8,2vCsr 12W1 28rsC2W1 17klCFn dEF w1261 8

uQKH' WF2c w8n 7nCco

uou aEkR7,8,2E18s FCR72FCkC1,n

tss 68s67s8,2E1n wCFC RCFdEFkCc E1 8 hP5 u;QUmQ 6EkR7,CF w1CFC dEF

8 zQKHQ kCn1 ,1C 8vCF8WC ,2kC dEF 8 n21WsC n,CR Ed ,Ro LD(V ,1C kEn, ,2kCe

J1C ,Cn, dEF 6E1vCFWC16C Ed 2,CF8e6E1n7k21W ERCF8,2E1V w8n 8lE7, QoHz no

,2E1 21vEsvCc ,1C 68s67s8,2E1 Ed ,1C 8lnEs7,C v8s7C Ed ,1C k8K2k7k FCs8,2y

vC c2ddCFC16C lC,wCC1 ,wE 6E1nC67,2vCn 2,CF8,2E1nV 81c 6EkR8F21W 2, w2,1

8 RFCn6F2lCc 6E1n,81,o J1C 6E1c2,2E1 k8r lC n,8,Cc 8n M

1¥H 1¥H1
, U LoHD(

2o “2o“H6

1 cC1E,Cn ,1C 8RRFEK2k8,2E1 8, ,1C 1 ,1 

J1¥H

2,CF8,2E1 ,E ,1C21 w1261 Jo o
HVH

n,FC8k d716,2E1 8, 8 RE21,V 8 d7F,1CF 8RRFEK2k8,2E1 81c  nEkC RFCny

6F2lCc v8s7Co

h, 2n Elv2E7n ,18, ,1C v8s7C Ed  k7n, cCRC1c 7RE1 ,1C 17kCF268s

n61CkC 7nCc 81c ,1C FE71c Edd CFFEFo Pr 17kCF268s CKRCF2kC1,n E1 ,1C 6Eke



H;

e) e'
R7,CF 2, w8n Cn,8ls2n1Cc ,18,  k7n, lC HQ ,E HQ V cCRC1c21W E1 ,1C

h1 kEn, Ed ,1C 68s67s8,2E1n RFCnC1,Cc 21 ,12nR8F8kC,CFn Ed ,1C RFElsCko

R8RCF 2, w8n dE71c ,18, ,1C 17klCF Ed 2,CF8,2E1n FCR72FCc cC6FC8nCn F8R2csr 

dFEk 8lE7, uQ 2kkCc28,sr 8d,CF ,1C n,8F, Ed ,1C 6EEs21W ,E Heu dEF kEn,

E,1CF ,2kC n,CRno

h, w8n ElnCFvCc ,18, 8 s8FWCF c2n6FC,C ,2kC n,CR 6E7sc lC 7nCc dEF

,1C 21,CWF8,2E1 Ed ,1C ,CkRCF8,7FC CR78,2E1 ,181 dEF ,1C vEFe

pC16CV ,E FCc76C ,1C 6EkR7,8,2E1 ,2kC FCR72FC ,E FC861,262,r CR78,2E1o

h,,1C d218s nEs7,2E1V 8 c2ddCFC1, ,2kC n,CR w8n 7nCc 21 C861 CR78,2E1oI w8n 8snE 1E,26Cc ,18, c7F21W ,1C 212,28s 6EEs21W RCF2EcV 8 nk8ss ,2kC n,CR

2n FCR72FCc dEF 8667F8,C nEs7,2E1 n216C ,1C v8F28,2E1 Ed ,1C ,CkRCF8,7FC

d2Csc w2,1 ,2kC 2n s8FWCo pEwCvCFV w2,1 nk8ss R8 ,1C 17klCF Ed n,CRn FCy

R72FCc ,E FC861 8 R78n2en,C8cr n,8,C w8n dE71c ,E lC 2kRF86,268lsr s8FWCo

aE1nCR7C1,srV 8 6E1,2178ssr 216FC8n21W ,2kC n,CR w8n 7nCc ,E 216FC8nC ,1C

6EkR7,8,2E18s Cdd262C16ro

JE CKRCc2,C RsE,,21W Ed ,1C FCn7s,nV 81 87K2ss28Fr 6EkR7,CF RFEWF8k

w8n wF2,,C1 ,E sE68,C RE21,n sr21W E1 nRC62d2Cc 2nE,1CFkn 81c n,FC8ks21Cn lr

s21C8F 21,CFREs8,2E1 Ed ,1C 6EkR7,Cc v8s7Cn 8, ,1C WF2c RE21,no tn kC1,2Ey

1Cc C8Fs2CF ,1C RFElsCk 71cCF 6E1n2cCF8,2E1 2n nrkkC,F268s 81c 2, w8n dE71c

8cv81,8WCE7n ,E FCRFEc76C ,1C 6EkR7,CF FCn7s,n 8, 8 W2vC1 ,2kC E1 8 n21WsC

WF8R1 w2,1 ,1C dsEw R8,,CF1 E1 ,1C F2W1, 18sd Ed ,1C 68v2,r 81c ,1C 2nE,1CFkn

tss WF8R1n wCFC RCFdEFkCc E1 ,1C ,6EsC 4Esr,C6112R7CE1 ,1C sCd, 18sdo

atiaA54 ';u 87,Ek8,26 RsE,,CFo

J1C ,E,8s ,2kC n,CRn 1C6Cnn8Fr ,E nEsvC 8 ,rR268s 68nC F81WCc dFEk

8lE7, HHQQ ,E H'QQ 81c ,1C 6EFFCnRE1c21W 6EkR7,21W ,2kC E1 81 hP5 u;QUmQ

6EkR7,CF w8n dFEk . ,E Hz k217,Cn 8RRFEK2k8,Csr cCRC1c21W E1 ,1C R8F8kC,F26 

v8s7Cn Ed ,1C 68nC ,FC8,Cco
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)o 2,/TiJ/ tI- -h/aT//hAI

I7kCF268s FCn7s,n El,821Cc 21 ,1C RFCnC1, n,7cr 18vC FCvC8sCc ,18,V

cCRC1c21W E1 ,1C 28rsC2W1 17klCFV ,wE c2ddCFC1, kEcCn Ed 6E1vC6,2E1 k8r lC

bEF FCs8,2vCsr sEw 28rsC2W1 17klCFnV ,1C dsEwElnCFvCc 21n2cC ,1C 68v2,ro

R8,,CF1 cCvCsERn 21,E 8 n,81c8Fc 6E1,CFFE,8,21W vEF,CK R82Fo pEwCvCFV w1C1

,1C 28rsC2W1 17klCF 2n 216FC8nCc n7dd262C1,srV ,1C RFCv2E7n dsEw 6E1d2W7F8,2E1

FCdCFFCc 21 ,12n n,7cr 8n ,1C d2Fn, kEcC Ed 6E1vC6,2E1V 2n kEc2d2Cc lr ,1C

n7RCFREn2,2E1 Ed ,wE 8cc2,2E18s nC6E1c8Fr vEF,26Cn nrkkC,F268ssr sE68,Cc 1C8F

,1C 7RRCF lE71c8Fro J1C FCn7s,21W kEFC 6EkRsCK 6E1vC6,2vC 62F67s8,2E1V ,CFkCc

8n nC6E1c kEcC Ed 6E1vC6,2E1V 8RRC8Fn ,E lC 8 618F86,CF2n,26 Ed ,1C R8F,267s8F
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Fig. 6 Quasi-steady state streamline and isotherm fields for
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Onset of natural convection effects and time to reach 

quasi-steady state.

Fig. R

Temperature profiles along Y = 0 (a) ; velocity profiles along 

X = 1 (b), average wall heat flux (c) and typical temperature (d) 
distributions as function of Ra , at quasi-steady state for 

Pr = 7.3 and 73.

Fig. 10

Temperature profiles along Y = 0 (a), velocity profiles along 

X = 1 (b), average wall heat flux (c) and typical temperature (d) 

distributions as function of Ra, at quasi-steady state for 

Pr = .73.

Fig. 11

Relationship between ,usselt number and modified Rayleigh number 

for the quasi-steady state.

Fig. 12

0/0* and Ra for E = 1 , 2 and 4.Fig. 13 Relationship between
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Ra = 3x10^ andheat flux distribution (d) for Pr = 7.3 , 
E = 2 at various times T.



I I I I I I I I I I I I I

T = 0,361T =0,610
(b)(a)

Fig. 6 Quasi-steady state streamline and isotherm fields for

Pr = .73 and E = 2 . The centerline and walls have value Ÿ = 0 .

f . mmThe values of Ra, Ÿ 

5xl04 , Ÿ 

(b) Ra = 3xl05 , Ÿ

and aremax ’

(a) Ra = = 8.1 = -.02 jA'f = .81 ;, f . mm

. = -R.5 ,mm

max

= 15.0 , &V= 2.45 .max



T = 0,250

(b)

T * 0,800
(a)

Quasi-steady state streamline and isotherm fields for 
The centerline and walls have value y = 0 .

, V .mm

Pr = 7.3 .Fig. 7

The values of Ra, E, 4' and AH' aremax
4(a) Ra = 7x10 = 16.0 , = -7.1 , AY = 2.3 ;E = 4 , Y Y . min

Y .mm

max
6 = -12 , AY = 15.5 .(b) Ra = 3x10 = 1R.0 ,E = 1 , Yma x



0.4

>

4 F16

0.4F11

F1F
F12
>

4
0.1

0.04
I0'2 I0‘1 10°T

Pr = .73 and 7.3 .Fig. 8 $ as a function of 2 with Ra as a parameter for av



10°

10'

h»

10'
io2 I03 10® io6 io7I04 8 31F 1F

Ra
Onset of natural convection effects and time to reach quasi-steady state.Fig. R



^.0 TT
Pr = 7.3 

Ra= 1.2 x10s3X10*
- 8X10*

L-3XI0*
xlO4

I041.0
x

_ PURE 
CONDUCTION

I
00 0.1 0.2 Q3

B
0.500 (b)Y

(a)

Temperature profiles along Y = 0 (a) ; velocity profiles along X = 1 (b) , 
average wall heat flux (c) and typical temperature (d) distributions as function 
of Ra , at quasi-steady state for Pr = 7.3 and 73 .

Fig. 10



(c)

Fig.

along X = 1 (b) , average wall heat flux (c) and typical 
temperature (d) distributions as function of Ra , at quasi
steady state for Pr = 7.3 and 73.



2.0 T i ï T
PURE

CONDUCTION

3XI08

Ro = 8xiOp oXlO4
x I04LO

Pr = 0.73

!!0.0 0.1 02.e
(b)

Temperature profiles along Y = 0 (a) , velocity profiles along X = 1 (b) , 
average wall heat flux (c) and typical temperature (d) distributions as function 
of Ra , at quasi-steady state for Pr = .73 .



Q3

Q2

CD

0.1

10* 10* 10* 10* 10* o'R7
(d)

Temperature profiles along Y = 0 (a), velocity profiles along 

Y = 1 (b) , average wall heat flux distributions (c) and typical 

temperature (d) distributions as function of Ra , at quasi-steady 

state for

Fig. 11

Pr = .73 .



I



«



———I

ÉCOLE POLYTECHNIQUE DE MONTF?,f^.L

H

1
:

»<

a

i

<
■4

<
4

4

11

4

4

Anm


