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Study on Natural Air Cooling of an IC Board
Motoo FUJII and Toshio TOMIMURA

Experiments and numerical analyses are made on natural convection of air
in a vertical channel, where one plate is attached by heat sources and the other
is adiabatic. A practical type IC board (160* x115mm) is used, where twenty-
five packages (3.7%#x19.3/ x6.7“mm) are placed with equal interval. The chan-
nel height A, length [ and heat flux g» from the packages are varied in the
ranges of [/h=5.5~22.9 and Gr*=10°~10% Two-dimensional Navier-Stokes
and energy equations are solved for laminar air flow between vertical parallel
plates, one of which has five rectangular heat sources. - Calculations are made
Flow and heat
transfer characteristics in the parallel plates with heat source protrusions are
demonstrated. Comparing the numerical solutions with experimental results
for the local Nusselt number, the method is discussed to predict the surface
temperature of packages on a practical IC board.

for parameter ranges that cover the experimental conditions.
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As  : board surface area [m?]
Ap . package surface area [mz]

Gr* ! modified Grashof number, Eq.(7) [-]
Gr* [ modified Grashof number, Eq.(16) [—]

g . gravitational acceleration [m/sz]
h . channel height [m]
L . dimensionless channel length = I/h [—]
l . channel length [m]
N . number of heat sources [-]
n . dimensionless normal distance from
surface -]
Nu, :local Nusselt number, Eq.(14) -]
Nu: :local Nusselt number, Eq.{15) (-]
P : dimensionless pressure = p/ (0 un /2)
(]
Py . dimensionless package height = pr/h
(-]
P, . dimensionless package length = p: /h
(-]
P, : dimensionless pressure = po /(0w /2)
(-]

Pr  : Prandtl number (-]
p . pressure [N/m?]
Do . reference pressure [N/m?]
Q> . heat dissipated from heat source [W]
Q1 . total heat dissipated from heat sources
(W]
qu . heat flux, Eq.(12) [W/m?]
g»  : apparent heat flux, Eq.(13)  [W/m?]
Re - Reynolds number, Eq.(6) [—]
S . dimensionless distance = s/h (-]
s . distance measured along heat source
surface ‘ [m]
T . absolute temperature [K]
To . inlet temperature [K]
Tw . surface temperature [K]
U .'dimensionless velocity = u/um [~]
u . longitudinal velocity [m/s]
Um * inlet velocity [m/s]
\% : dimensionless velocity = v/um [~]
v . transverse velocity [m/s]
X . dimensionless coordinate = x/h =]
x . longitudinal coordinate [m]
Y . dimensionless coordinate = y/h [-]
y . transverse coordinate [m]
Greek Letters
B : volumetric thermal expansion
coefficient = 1/7T, [1/K]
(5] . dimensionless temperature =(T—T,)/
(quh/2) [-]
Y : thermal conductivity [W/mK]
v * kinematic viscosity [m?/s]
] : parameter, Eq.(19) -]
2 . dimensionless stream function
=/ (umh) (=]
v . stream function [m?/s]
2 : dimensionless vorticity = @/(um/h)
(-]
@ . vorticity [1/s]
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Fig.1 Physical model and coordinates
system
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Table 1 Parameter ranges of numerical calculations

Case A B C D
P 1.0 3.0 1.0 0.3
Py 0.3 0.5 0.5 0.2
P, 0.5 1.0 2.0 0.5
Li=L. 1.25 1.5 2.0 1.25
L 9.5 22.0 17.0 6.0
Gr* 108 108 10% 104 108 10* 10% 108
Symbol A (@) O v O o n A

pe—— Insulator

IC board
Package model
Side wall
= Opposite wall

(]

Fig. 2 Experimental apparatﬁs
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Table 2 Parameter ranges of experiments

Case v H
No. (1) (2) (3) 4) 0)) (2) (3 4)
P 2.75 1.75 1.20 0.92 0.95 0.60 0.42 0.32
Package P 0.67 0.43 0.29 0.22 0.67 0.43 0.29 0.22
Ps 1.23 0.78 0.54 0.41 1.89 1.20 0.83 0.63
L; 1.94 1.24 0.85 0.65 2.07 1.32 0.91 0.69
Board L. 2.25 1.43 0.98 0.75 2.07 1.32 0.91 0.69
L 22.86 14.54 9.99 7.64 16.45 10.44 7.24 5.50
Gr* 1.5%108—7.0x10° 1.5%108—7.0%10°
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Fig. 3 Surface temperature distributions of
single plate with package model
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Fig. 4 Dimensionless pressure distributions
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