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Abstract

Three-dimensional heat transfer characteristics for natural convection flows are numerically
investigated in the doubly-inclined cubical-cavity according to the variation of a newly defined
orientation angle « of the hot wall surface from horizontal plane at moderate Rayleigh numbers.
Numerical simulations of laminar flows are conducted in the range of Rayleigh numbers(104£ Ra<
105) and 0°<a<90° with a solution code(PowerCFD) employing unstructured cell-centered method.
Comparisons of the average Nusselt number at the cold face are made with benchmark solutions and
experimental results found in the literature. It is found that the average Nusselt number at the cold
wall has a maximum value around the specified orientation « at each Rayleigh number. Special
attention is also paid to three-dimensional thermal characteristics in natural convection according to
new orientation angles at Ra= 1x10°, in order to investigate a new additional heat transfer
characteristic found in the range of above Ra= 6x10°%.
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Fig. 1 Sketch defining the various orientations of
the cubical cavity
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45 Table 1 Comparison of the numerical simulation
with the experimental results for Nusselt
numbers on the cold wall at Ra =4 x
10*and Ra =1 x 10’
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Fig. 3 Predicted isothermal-surface for primary angles in the range of 1x10° < Ra <10°(view

point: negative y direction).
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Fig. 4 Predicted isothermal-surface(303.5 K) for
several small acute angles( 0°<a<20°) at Ra =
1% 10°.

Bl 90°7kA] FHuE] SAlel vEhs 35S 7

Ho= *&%—-6}7&} shue] B9ElE A= 9
A Fzxo] fFEFErE 5 Wt glo] fAH
o] YEp7] wEoltt.

oz 2 A4S F3 AEA glE A
¢l Ra > 6x10° oA #& 71&7] 0°<a< 5° W
ellA 71&7] ol S7tedl wep AL Hol Ht
Nu7b S A Fastd7), a= 508 71Ho®
wdsste 5oldel ueus dANS  Ra=

1x10°¢1 A4 Ans 53 2xgol g +x
ARl S A g gt

Figs. 48} 5% Ra= 1x10°Y o % A A
gl 0°<a <20°0] A a/l % e

*>e

(a) a =0° (b) a =2.5°

>®

() a =5° (d)a=10°

@@

() a =15° ) a =20°

Fig. 5 Predicted isothermal-surface(303.5 K) for several
small acute angles( 0°<<20°) at Ra =1 x 10°
(view point: opposite direction of Fig. 4).

, Fig. 25 & &eld + UM
51’—79 S Figs. 49} 50| YERT A
20°¢] Eo]HE V|Eo R LHE_

% o
gl [
5 & X

Rayleigh-Benard *

of e A3 2ol y
2 A4 A% gg99

$e% Sgshe T A 2 e 24
FEFHAS BT 4 Atk et art 25

S Figs A0Sk SO HE Ak o) /L
0.5¢1 HHS V|Fo 2 ¢
2 7hith ol 0% wel
Y F oHL J)FoE 5

90°8] gk FEjoltt. o] FEs =



JFoE AR 3L AEY AARF DAY Sl TR FARNY AT 441

WA Arsts F ool 29ust Aulee] e
Hol A £HES JFor 7P HolAE A
g 70w shte BeR FAE AYHA
< YEbdTE SHA|IRE Figs. 4(c)9k S(c)oll YERH
Zﬂj’,]- 71—0] 303.5 K< .‘:_i_ﬁl:ﬂ,] 631;]]1: E_QLZ

Q1 At e A tha "ol FAFEol A
ek FHe YA FE2E A ) o9k #
o] 0°<a=5%fA o9 Wt wE FHuEY
THE Y ¥ge A2 ¥ A FEHEE
el 2 0o A e st B9-EE &gt
ksl A dogo] doju), 2507 HAS
= sty B9-27F 7 Y E9EE EEy
of 0ol A B e Aol gAsA AAas)
= A4S AT F o EI 0°<a<5°0A F
28T NuTE YHEE 5949 fedEE
T AR EgE T5Yrt stuE FeliA|A 1
o A she] B-EE dEhdeE 3ol ofy
2t 2388 FAFEAdA EAe FHE 34
He st S9-EE eSS gl o
2] Fig. 28 F3l AT 4 AW 0°<a<5°
2

2 AT A= vAdE A T4 S A8t
I e Y el AW H(PowerCFD T E)E
AHESte] olFo® AARX tholol=Efo] |
A 3xkd ASFHA AHEHR Y] AddF Ed
9 TAE dde= v E ]Eﬂ‘ﬂ a®t Ra
F7F AARE e PdAHE Frede 2 dd
G@Ne A= FdEFES FAEHAE T 2=
ol gk FxAQ SHolA AFHYTE 5T
= ATFE F& AFA DA ARE 54wk
o9 RaTolA 0°<a=<5°9 7]&7] WelolA

10°91 7 %- 1 oH ?M% S| A FAE] a1
Zsoieh. ArA,

(1) Ra<2x104°E‘ W 717 a9 Wl wE
T N e S-S met —7Po}E}7P &l

3
8L, %091 FEl= AE skl B9-elE b
Ae W7AEE dge] 94 ZOIEP.

(2) Raz4x10'd o 71&7] ool wel A=
= EE Wi fFEduHE Agds o F
Nl BEE HAE HAFA g 9
ZoA a= 2008 7]Ho Z]
= 7MXe= ggdEd ¥
< el

(3) Ra57} 6x10°HT} 2
509} 200 F-toll M A wlolMe HF NuFTh
HHsHE MAES T Boldds #9133
oh EgE ojejgl #AgS thololE=
Wste] wek ARE Wi A= e
Wekz A 5 gk

() HolotE=d V)87 40° <a<45° A
Rayleigh-Benard ¢} 275 ZAdF71 o] 4
o7 3ol dAdY Aol M =A e
c}.

% 7|

A= 20009 % FRIgistnl WA E
A hytol F=aE Aol

ot

Rl

(1) Fusegi, T., Hyun, J. M. Kuwahara, K. and
Farouk, B., 1991, "A Numerical Study of Three-
Dimensional Natural Convection in a Differentially
Heated Cubical Enclosure," Int. J. Heat Mass
Transfer, Vol. 34, No .6, pp. 1543~1557.

(2) Pallares, J., Cuesta, I, Grau, F. X. and
Francesc Giralt, 1996, "Natural Convection in a
Cubical Cavity Heated from Below at Low
Rayleigh Numbers," Int. J. Heat Mass Transfer,
Vol. 39, No. 15, pp. 3233~3247.

(3) Pallares, J., Grau, F. X. and Francesc Giralt,
1999, "Flow Transitions in Laminar Rayleigh-
Benard Convection in a Cubical Cavity at
Moderate Rayleigh Numbers," Int. J. Heat Mass
Transfer, Vol. 42, No. 4, pp. 753~769.

(4)Leong, W. H., Hollands, K. G. T. and Brunger, A.
P, 1998, "On a Physically-Realizable Benchmark
Problem in Internal Natural Convection," Int. J. of
Heat and Mass Transfer, Vol. 41, pp. 3817~3828.

(5)Leong, W. H., Hollands, K. G. T. and Brunger,



442 )

A. P., 1999, "Experimental Nusselt Numbers for
a Cubical-Cavity Benchmark Problem in Natural

Convection," Int. J. of Heat and Mass Transfer,

Vol. 42, pp. 1979~1989.(6) Pepper, D. W.
and Hollands, K. G. T., 2002, "Benchmark
Summary of Numerical Studies: 3-D Natural

Convection in Air-Filled Enclosure," Numer. Heat
Transfer Part A, Vol. 42, pp. 1~11.

(7)Myong, H. K., 2006, "Numerical Study on the
Characteristics of Natural Convection Flows in a
Cubical Cavity," Trans. of the KSME(B), Vol. 30,
No.4, pp. 337~342.

(8)Myong, H. K., Kim, J. E. and Ahn, J. K,
2005, "Numerical Study on the Nature of Natural
Convection in a Cubical-Cavity," Proc. of the
KSME(B) Fall annual Meeting, pp. 176~181.

(9)Myong, H. K. and Kim, J. T., 2005, "Develo-
pment of 3D Flow Analysis Code using Unstruc-
tured Grid  System(Ist Report, Numerical
Method)," Trans. of the KSME(B), Vol. 29, No.
9, pp. 1049~1056.

(10)Myong, H. K., Kim, J. T. and Kim, J. E.,
2005, "Development of 3D Flow Analysis Code
using Unstructured Grid System(2nd Report,

of the

Code's Performance Evaluation)," Trans.

KSME(B), Vol. 29, No. 9 pp. 1057~1064.

(11) Myong, H. K. and Kim. J, 2006,
of a Flow Analysis Code using an Unstructured
Grid with the Cell-Centered Method," J. of
Mechanical Science and Technology (KSME Int. J.),
Vol. 20, No.12, pp.2218~2229.

(12) Mamun, M. A. M., Leong, W. H., Hollands, K.
G. T. and Johnson, D. A., 2003, "Cubical-Cavity

Benchmark  Experiments: an

"Development

Natural-Convection
Extension," Int. J. of Heat and Mass Transfer, Vol.
46, pp. 3655~3660.

(13) Mamun, M. A. M., Leong, W. H., Hollands,
K. G. T. and Johnson, D. A., 2005, "Erratum to:
"Cubical-Cavity ~ Natural-Convection = Benchmark
Experiments: an Extension" [International Journal
of Heat and Mass Transfer 46 (2003)
3655-3660]1," Int. J. of Heat and Mass Transfer,
Vol. 48, pp. 1224.

(14)Myong, H. K., and Kim, J. E. 2006,
"Numerical Study on Slanted Cubical-Cavity
Natural Convection," Trans. of SAREK, Vol. 18,
No. 9, pp. 722~728.

(15) Myong, H. K., 2007, "Numerical Study on
Natural Convection in a Doubly-Inclined Cubical-
Cavity," Trans. of the KSME(B), Vol. 31, No. 12
pp-1002~1008.



