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NOMENCLATURE

. critical wave number

. aspect ratio = H/L

. flow rate through a control volume
: acceleration due to gravity, [m/s’]

. height of the enclosure, [m]

. heat transfer coefficient, [W/m® - K]
. conductivity, [W/m - K]

© Nusselt number = hL/k

. dimensionless pressure

: Prandtl number = v/a

. Rayleigh number = g8 A4TH/v a

: dimensionless temperature

. dimensionless temperature of cold wall, [ K]
. dimensionless temperature of hot wall, [K]
: temperature difference = ( Ty - To), [K]

. dimensionless time

. dimensionless time step
. velocity component in x and y direction, [m/s]

. coordinate axis in the physical domain, [m]
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Greek Symbols

r, ¢ diffusion coefficient

a . thermal diffusivity, [m%/s]

B : thermal expansion coefficient, [C ']

v . kinematic viscosity, [m%/s]

0 © density, [kg/m’]

) . general dependent variable
Superscribts

. dimensional value

* . dimensional value
Subscribts

ave . average value

c . critical value



SUMMARY

The natural convection driven by a thermal buoyancy force was
investigated in a square cavity. The top and bottom walls are cold and hot,
respectively, while the vertical boundaries are adiabatic. A control volume
approach with a power -law scheme was used to formulate the finite
difference equations. The results are presented isotherms, velocity vectors,
Nusselt numbers and critical Rayleigh numbers for the ranges of Ra = 1750 ~
20000 and Pr = 0.05 ~ 10.0. The critical Rayleigh number increses as Prandtl
number decreses. There exists clockwise unicell flow near critical Rayleigh

number, while two cells appear for large Rayleigh number.
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Adiabatic Wall

Cold Wall (T.)

Fig. 1 Schematics of the present study

Hot Wall (Th)
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ol /tEsHn R doe WaHy, FAFAW] dde 8 FAZE
Ze AW 2Eal s dAste AAduF B B FAHA
st £ ATolA = Prandtld 9 Rayleigh7F & &4 AjA"lo nxe o
FE zAE7] Y3 Pr = 0.05~10.001 distd 1831 Ra = 1750~200009) ©f
gt} FA At FFo] A= YA Rayleight & Fa1n ddg 54

2 FEEHE BRAYC
31 FAM9 ggd n
AANFE FAHAG) Qo] ANHoT FFANE WUAYL Xesa

_/F_
g e oldeh FHAH FEF AT AVBAE AAR U7 @R 5

Ao Ade AT M 24 HA o] wa} o FPAgol e

AroMe At dde FAY dFELE FAHNGE Yoz
o] A L FEAYCl 5T HEEHE A A ANHAE FAHA
sttt EFR 2 FAHAM Ay BIHE nEEI] A &g AF
(Bertins,1985) 9} ®] 23} H ot

Table 12 Prandtl&7} 019 = Bertin® Ozoe(1985)9] A +A#H9} £ A7
AN Tz A#E vag Aolth. Rayleigheol @& Nusselt+9 gkl g
LAE AHREA 2zt YHI 5% olE 43I dAHT AL B ohy

Rayleigh¢] #3lol]l w2 Nusselt2 W3le] A3 T3 FAEA Ueluz glo
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£ AN wgel Wagslde AAdF B HY YU B Roz

AlR g}

Table 1 Comparison of averaged Nusselt number with

other results(Bertin et al.,1985)

Ra Present study Bertin and Ozoe(1985) error(%)
2000 1.13097 1.127 0.397
2200 1.21752 1.225 0.748
2300 1.25800 1.273 1.500
2400 1.29655 1.319 2.245
2500 1.33324 1.363 2.976
2600 1.36818 1.403 3.482
2700 1.40148 1.442 4.053

32 Aol W L

FAN A ARG T4 oW A4 Ao ZPAYL AW 2L AAY
o] FA4dol oz 3A W MHAIRo)l Wadr] B MM FAAHH
HAMALE neld A AAFe] Mddo] @Rt PrandtlFol wat Aze
o] 4FE A AF/E Figs. 2~591A4 A Figs. 2~4914 dsrd
Prandtl=7} 0120 & A& AAF7 71255 Nusselts7F A2
1 30x30~40x40 F 2o o= A FB/F HE 7 + USE & F AU
o wtd Prandtl7F 0129 23& 73§ (Pr=001), Fig. 58 49 EH AATE

70x 7072 F7HANAE AN AA7t Azl o 24 HEL & F A 7
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A 2 dTF9Me A4 Jds 2832 n#sted AAFE PrandtlF 7t 018
o & d9oAM 30x308 2832 PrandtlF7F 005904+ 100X 10082 3lod F

AHA s
3.3 94 A Rayleigh+¢ AA
gty o2 QA Rayleigh#9 AAL dAGo] HATvulo] dojys AH

(Nu=1)oll A Nusselt7} 18t 34 =& Rayleigh+9 £713& Jelda. j

7 NusseltF+ oS3 Zo] A4kgd.

_ _ 1 (8T
Nuwe = =7 fo ox dy (14)

x=0

Z} Prandtls=ol Al Rayleigh o) W& Nusselte] 9% #3357 93t o}
Ho] A3 o] YA Rayleighsol @& NusseltF¢ W& HAysragd = 3l
t},

Ra, )
Ra.

Nu =1+ B(1 — (15)

oq71A, B9 #& Rayleigh9 ¥3lo] @& Nusselt+9 ¥3e H=E U
Eh = AFgtold Churchill# Usagi(1972)E &3 22 #AAL AR &Y

o
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(B)™° = (1.336)7° + (Pr"*%?/p.317)"° (16)

2 AFANME= 2 Prandtlgol W& <A Rayleigh+2 371 98t 99
A9 & (Nu-1) ¢ (1/Ra)el 4##AAE EA8t Fig. 69 JYehAo,
97 Rayleighs 9 &4 B& 2 Fig. 6914 BEXo] & AFoA Y3 A&
ZAA (Nu-1)o] 0ol He AFE 71§22 AASHAD. ol o] T3 U
Rayleighs& Pr=10.09 @ 1710, Pr=1.0¥ @ 1714, Pr=0.1¥¢ w 1725, Pr=0.05
uf 17842 AAEHSA 29, Prandtld7t #4282 YA Rayleighd7t 27188

¢ # gt

3.4 Rayleighsdl ©W& 43

Ras9 9%8& ZA87l A8 2 Prandtl oM Rayleigh+& WA A F
2 &Mk oh Figs. 7~102 Pr=10, 1.0, 0.1, 005¢ = Rayleighso w&
Nusselt5 9 W3 E T A3 Aoltl Figs. 7~100A AHHE Prandtlds A A
7% YA RayleighFol 71719 Zeol we} Nusselt+9 S 2 2E23= 3
gol BEHR gom, B dAFFIedA PrandtlFzt &AL 019 ASolE
Rayleighs ol @& Nusselts7} A9 Moz ¥ & &+ Ju(Fig. 9), d<
& A9 (Pr=0.05 Fig. 1001+ ‘s’ 2 HEZ FolzxAs HFL Rolxm 3t}
¥ 7} YoM Rayleigh7F 7130l wal Nusselt+9 Z7te gutsza e
4 F Ao o)k & YL YA Rayleight ZAHAME f%0 S
FELAA o] AAHANM B#HE Ao U7l W Fo] AHEA YA Rayleighd

ol #Aol ojYr] Yoz AtgdY. olg 2E& FEIY i Fo B
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o)

22 AME v FEEL MY JEEE AR F£E FIHAIA
Aztel 2718 #AA dn FEAAA Ao Fo LAE FAA o ¥ Aoz
3:2:0=3

Figs. 11~14°l& Pr=10, 1.0, 0.1, 0.054 ™| Rayleighs < ®¥3d @& &
Hat £e¥E g 242 2 AsAY. 2ddA &+ AXxel dA Rayleighs (2
1800~2000, Figs. 11(a), 12(a), 13(a), 14(a)) #2AA Y £x& vl¢ A e
Ui glen, 2R X EAAT Y APAH g Heudn JolA /%)
ofF uMEge ¢ 4 Jut. vdA Rayleigh+7F ¥3d F7184+ 2 (Figs. 11(b,c),
12(b,c), 13(b), 14(bc)) AR ZAAMY £x7t HAE F7tsd Aayz 4L
Bol}7t Rayleigh#7F ©f AAE = (8000014, Figs. 11(d), 12(d), 12(c,d),
14d)ell= F 7He Aol ey FF3te AFE & F Ut 28X E Y
Ed Ag d¥HolAd BE7F Rayleighs7t S7Hgel wat Sa ez et
U7k (Figs. 11(b), 12(b), 13(b), 14(b)) SAl9 FAHZ = HAH AA I (Figs.
11(c), 12(c), 14(c)) ® % & Rayleigh® ¥4 ®(Figs. 11(d), 12(d), 13(c,d), 14(d))

Az 7t&d F2dM 253 e REZXEE MAH ¢H3] S dAd F

3.5 Prandtls-¢ 9 Al Rayleigha9 #A
AR FAAN g &4 2 FF5FFJH = Rayleighd ¥ Prandtlgol 2|3
dgg e, B #MYdMe Prey 98-S 24187l 98l Pr=0.05, 0.1, 1.0,

10.09 dhated 243t Ah.
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Fig. 152 Churchill#t Usagi(1972)7} A A| & Nusselt+ 9 97 Rayleigh% 2|
daaANe AF B A# B dAFAHAAAN FI gL EAH & Ro=
Aol AL ¢ + Y. Fig. 162 Prandtlol] W& 97 Rayleighd & T4
Ao}, B AFolre A9l Verhoeven(1964)e] A#7t Ao Uxstzm ¢
8 RAFI Y. BY B4 HFE A8 Pravt olF AL gdnA AF

sojok st +BLE AAE FAMA 7] Wi ATARE AA FdAx,

L

2% oo i AT Y8} Heg AlsdY.
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Average Nusselt Number
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Fig. 2 Influence of the number of grid for Pr=10
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Average Nusselt Number

7 Grid = 30, 40
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Fig. 3 Influence of the number of grid for Pr=1.0
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Average Nusselt Number

2.2

2.0

1.4
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Fig. 4 Influence of the number of grid for Pr=0.1
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Average Nusselt Number
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Fig. 5 Influence of the number of grid for Pr=0.01
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Pr=1.0, 10.0

0.4 —
Pr=0.1
0.3 —
0.2
Nu-1
T Pr=0.05
0.1 —
o777
3.0 3.5 4.0 4.5 5.0 55 6.0

1/Rax 10

Fig. 6 Determination of critical Rayleigh number for various Prandtl numbers

using the equation of Malkus and Veronis(1958)
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Fig. 7 Averaged Nusselt number with Rayleigh numbers for Pr=10
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Fig. 8 Averaged Nusselt number with Rayleigh numbers for Pr=1.0
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