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Natural Convection Heat Transfer from an Array of
Vertical Parallel Plates with Protruding and
Discrete Heat Sources
(Prediction of Protrusion Surface Temperature)

Motoo FUJII, Satoru GIMA, Toshio TOMIMURA
and Xing ZHANG

As a fundamental study of natural air cooling of IC boards, natural convection heat
transfer to air from an array of vertical parallel plates with protruding and discrete heat
sources is studied theoretically and experimentally. Two-dimensional Navier-Stokes and
energy equations including heat conduction through the plates and heat sources are
numerically solved under the conditions of modified Grashof number Gr*=2.3xX103~8.8x .
10° and aspect ratio L=17//h=8~30. The numerical solutions agree well with the experi-
mental values except for the large aspect ratio L=30 where the three-dimensional effects
become significant. A correlation expression for the local Nusselt number is proposed
which can predict the protrusion surface temperature within 209% error. Also is discussed

the estimation method of the maximum temperature in the protrusion.
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Table 1 Parameter ranges
(a) Numerical calculations (Pr=0.71, R=10)

L [-1] 30 20 15 8
B [-1| 0.16 [ 011 | 0.08 | 0.05
H [-1| 05 | 033 | 0.25 | 0.14
Le=S,[-]| 075 | 05 | 0.37 | 0.2
L=L,{-1| 1.875 | 1.25 | 1.025 | 0.5
Gr* [—]12.3%10°|2.1x10¢]8.2x10¢|8.8x 10°

(Se=sp/hy Li=U/hy Lo=1/h)

(b) Experiments (Air)

£ [mm] | 9.7 14.7 19.7 34.7
aw [(W/m] | 41.5 71.1 85.9 96.2

IRFVBIETHIBEIR R=11BEYTH 5, E
BOICKR—FOBSICRINIDEFRERMEEY
LEHEINS, BEFEOBEDELY L 7 5 R
OTHDIRNE « NF 2 ADBEIFZ I IS D&M
LTE2%LUNTH Tz,

3. % B

EBICOWTIRBERPWCEERL 20T, Z 2Tk
ErdRB, 5Dy — CEEEARD Sk HRE
ATFIRBEE DWT, FFRE bECHR TN 72
BEDOEANIDER 2T o2 B2 18y r—V
BEROFM E RES L UEEOHIEMNE R =T, &
EHIE T RBESOmD T HRAES 2wl Ny 7

L6 48 - X oo
19. i |
n J c::x:hz:x::jg
i 2] [ o | v ¥ s | o s | {252

28 l:l:ll::”[:[:]:ll:] 27
——C 1O C 3= {209
v I:I\:IE:‘:H:I:!D

o
- I:H:IE:IDD:H:I

"

s | o o o o e ) s | | {163

- :l::f:_;ﬂ_r%n:u:n: _
! = oo T — 1133
 maven | s [ o s Y s | s {120

o]
= I:ll:ll::h::l:ll:l hal
CaCcCocO|cecaca 1 74

o | s | s

| s oo e s | s
s § o | o e s s 131

| i :ED%%E i

T
h 237

:

—_
| i =t
. H

Fig. 2 Detail of IC board.
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Fig. 3 Velocity and temperature profiles between plates.
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Fig. 5 Relation between local Nusselt number and induced flow rate.
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Fig. 9 Isotherms around protrusion No.9 for

the case of uniform heating.
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