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Abstract

F334)

A numerical investigation on the conduction-natural convection-surface radiation conju-

gate heat transfer in the enclosure having substrate and chips has been performed. A 2-di-

mensional simulation model is developed by considering heat transfer by conduction, convec-

tion and radiation. The solutions to the equation of radiative transfer are obtained by the dis-
crete ordinates method using S-4 quadrature. The effects of Rayleigh number and the sub-
strate-fluid thermal conductivity ratio on the cooling of chip are analyzed. The result shows

that radiation is the dominant heat transfer mode in the enclosure.
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Table 1 Dimensionless temperature and Nusselt number of each chip without radiation

R Dimensionless Temperature Nu
a
Chip 1 Chip 2 Chip 3 Chip 1 Chip 2 Chip 3
10 0.126 0.158 0.182 2.65 2.12 1.83
10° 0.119 0.149 0.172 2.80 2.23 1.93
10¢ 0.101 0.129 0.156 3.30 2.59 2.14
Table 2 Dimensionless temperature and Nusselt number of each chip with radiation
R Dimensionless Temperature Nu
a
Chip 1 Chip 2 Chip 3 Chip 1 Chip 2 Chip 3
10¢ 0.0517 0.0552 0.0567 6.44 6.04 5.88
10° 0.0490 0.0533 0.0554 6.80 6.25 6.01
108 0.0442 0.0486 0.0518 7.54 6.85 6.43
Table 3 Effect of R, on dimensionless temperature and Nusselt number of each chip
R Dimensionless Temperature Nu
a
Chip 1 Chip 2 Chip 3 Chip 1 Chip 2 Chip 3
1 0.0495 0.0534 0.0557 6.74 6.24 5.99
10 0.0490 0.0533 0.0554 6.80 6.25 6.01
100 0.0467 0.0515 0.0532 7.13 6.47 6.265
1000 0.0392 0.0439 0.0452 8.49 7.60 7.37
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Fig.8 Effect of the substrate-fluid conductivity

ratio on dimensionless maximum tempera-

ture
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Fig.9 Effect of the substrate—fhiid conductivity
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ratio on average Nusselt number




AES} BAE T A4 P9 AARF YA BE AT 275

5. 2 B

E23 AL 7R "W FzhdlelAe) 2xk] A
E-Ad{F-FhEAl B dAdd FAE 7AA
o2 #fNEte] o5} AL HAES ddch

D FEE5H3YE o)8std JAHF wAdFE
Zhe Fel Zlgell FatEe] sl Ws ¥
WellAe] Ax -2t F-EH AL B§ g4
@& i Hse Z2a RS Aeslar, o ey
A& 53kt

2) 3% 7|sletA 270, e 2VEe| o
Ake AAdFell o& <F 30~40%, B4}
of 98} 60~70% A= o]Fo#], HA} Fy|
Y7k FAe A Faprh A dHd me
ol 7o vehgr}

3) 71ake] A ARzl 144 100028 &
7hgkel whet, Aol WpdEe o 20% AH:
gAaEglen, Hze] &xAtolx Aopxr}.

4) B QdFelM adF 5 Aol delA F
o] xE Wl HFKel 71 =1 ol FH e F
AFE 25} dolA, 1%l 93 Hds
5 Yzto] Eejsirh.

5) #Az}e] 2= xo]= Rayleighs7} 4%, 7]
o] AAz ARz} g 5 F Fe=

vlepytel
x 7|
o] AT 1993W% g=aabagle] H3r]z
E4) g3 (FHAE - 93-0600-02-02-3)
z ) edfu)ol oste] FEEsiew, F Mo
A A A zhabe] =g Fg)h

S

Ho
i

1. Jaluria, Y., 1985, “Interaction of Natural
Convection Wakes Arising from Thermal
Sources on a Vertical Surface”, ASME J.
Heat Transfer, 107, pp.883-892.

2. Afrid, M. and Zebib, A., 1989, “Natural

Convection Air Cooling of Heated Com-

Vartinal Wall”

ponents Mounted on a

10.

Numer.Heat Transfer, A15, pp.243-259

. Kang, B.H. and Jaluria., Y., 1990. “Natural

Convection Heat Transfer Characteristics
of a Protruding Thermal Source Located
on Horizontal and Vertical Surfaces”, Int.
J. Heat Mass Transfer, vol. 33, no.6, pp.
1347-1357

. Shakerin, S., Bohn, M. and Loehrke, R. I.,

1986, “Natural Convection in an Enclosure
with Discrete Roughness Elements on a
Vertical Heated Wall”, Proc. Eighth Intl.
Heat Transfer Conf., San Francisco, U.S.
A, pp. 1519-1525

. Abib, A. H., and Jaluria, Y., 1988, “Natural

Simulation of the Buoyancy-Induced Flow
in a Partially Open Enclosure” Numerical
Heat Transfer, vol.14, pp. 235-258

. Smith, T. F., Beckermann, C. and Weber, S.

W., 1991, “Combined Conduction, Natural
Convection, and Radiation Heat Transfer in
an Electronic Chassis”, J. Electronic Pack-
aging, vol.113, pp. 382-391

. Sanchez, A. and Smith, T. F., 1992, “Sur-

face Radiation Exchange for Two-Dimen-
sional Rectangular Enclosure Using Dis-
crete -Ordinates Method”, J. Heat Trans-
fer, vol.114, pp.465-472

. Yiicel, A., Acharya, S., and William, M.L.,

1989, “Natural Convection and Radiation
in a Square Enclosure”, Numerical Heat
Transfer, vol.15, pp. 261-278

. Beckermann, C. and Smith, T.F., 1993 “In-

corporation of Internal Surface Radiant Ex-
change in the Finite-Volume Method”, Nu-
merical Heat Transfer, vol.23, pp. 127-133

Wroblewski, D.E.and Joshi, Y., 1994, “Liquid
Immersion Cooling of a Substrate Mounted
Protrusion in a Three-Dimensional Enclo-
sure . The Effects of Geometry and Bound-
ary Conditions”, J.Heat Transfer, vol.116,
pp.112-119





