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An Experimental and Numerical Study on Natural Convection-Radiation
Conjugate Heat Transfer in a Three-Dimensional Enclosure
having a Protruding Heat Source

Chang-In Baek, Kwan-Soo Lee and Woo-Seung Kim
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Abstract

An experimental and numerical study on the three-dimensional natural convection-radiation
conjugate heat transfer in the enclosure with heat generating chip has been performed. A
3-dimensional simulation model is developed by considering heat transfer phenomena by conduc-
tion-convection and radiation. Radiative transfer was analyzed with the discrete ordinates
method. Experiments are conducted in order to validate the numerical model. Comparisons with
the experimental data show that good agreement is obtained when the radiation effect is consid-
ered. The effects of the thermal conductivity of the substrate and power level on heat transfer are
investigated. It is shown that radiation is the dominant heat transfer mode and the conductivity
of the substrate has important effects on the heat transfer in the enclosure.
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Fig. 1 Schematic diagram of the physical system
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Table 3 Dimensionless variables for baseline conditions (Q=3W)

Symbol Description Value
Ra Rayleigh number 9.85x%10°
Pr Prandtl number 0.7
do Dimensionless reference temperature 0.104
Pl Planck number 1.45%107*
R Ratio of substrate thermal conductivity .

s
to fluid thermal conductivity
Ratio of chip thermal conductivity
Re . . . 15000
to fluid thermal conductivity
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(b) With radiation

Fig. 8 V-W velocity vectors and isotherms for the Y
~Z plane at X=0.1(Q=3W)
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Table 4 Dimensionless maximum temperature and dimensionless heat transfer rate for 3W
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