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Natural Convection Heat Transfer from
Vertical Parallel Plates to Air

Motoo FUJII, Satoru GIMA, Toshio TOMIMURA
and Xing ZHANG

Two-dimensional Navier-Stokes and energy equations are
numerically solved for laminar natural convection of air between ver-
tical parallel plane plates with uniform heat flux. Calculations are
carried out under the conditions of the modified Grashof number (2.3
X10°=Gr*=8.8%10°%), and height to plate spacing ratio (8 = ¢ /h <
30), which cover the practical range encountered with the natural air
cooling system of an electronic equipment. The numerical solutions
The local Nusselt

numbers and induced flow rates obtained numerically agree well with

are compared with present experimental results.

those measured. A correlation expression for the local Nusselt num-
ber is proposed which can predict the local plate temperature within 5
% error. When the value of dimensionless variable ® = {(h / x)Gr*
Prt /{(h / ¢)Gr* Pr}'”*?is greater than about 10%, the existing results
based on the boundary layer approximation are found to be not appli-

cable for predicting the maximum plate temperature.
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Table 1 Parameter ranges

(a)

Numerical calculations

L [-] 30 20 15 8
Gr* [=1 [2.3x10%2.1x10%8.2x10%8.8X 10"
(b) Experiments

h (mm] | 9.7 | 14.7 | 19.7 | 34.7
go [W/uf] | 41.5 | 71.1 | 85.9 | 96.2
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Fig. 2 Schematic of the experimental appa-
ratus.
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Fig. 3 Relation between induced flow rate
and Grashof number.
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Fig. 5 Pressure profiles.
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Fig. 6 Velocity and temperature profiles between plates at several heights.
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Fig. 8 Temperature profiles.
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