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Fluid Flow and Temperature Distribution Around a Surface-Mounted Module
Cooled by Forced Air Flow in a Portable Personal Computers
Sang Hee Park and Dae Jong Shin

Key Words: Portable Personal Computer(F-tH-8 7 FE]), Thermal Resistance (2 A%, Adiabatic Wall
Temperature(FE B2 ), Module(Z&), Board(”]), Liquid Crystal Film(%3 )

Abstract

This paper reports an experimental study around a module about forced air flow by blower (35X 35
X6mm’) in a portable personal computer model(200x 235X 10mm®). Experimental report is to know
three data to investigate thermal resistance, adiabatic wall temperature and visualized fluid flow around
the module by combination of the moving number and the arrangement method of blower. The
channel inlet flow velocity has been varied between 0.26, 0.52 and 0.78m/s, and input power (Q) to
the module is 4W. To investigate thermal resistance, the heated module is mounted on two
boards(110X 110 1.2mm°, k=20.73, 0.494W/m<C) in parallel-plate channel to forced air flow. The
temperature distribution were visualized by heated module on acrylic board(k=0.262W/mC) using liquid
crystal film. Fluid flow around the module were visualized using particle image velocimetry system.
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Fig. 7 Visualization of flow around a module
at V=0.52 m/s

2(_1‘

17 S (V=026m/9)E W §5& FHAF @
Asg e,

Fig. 8(a)& 2o 19 7158 we A= 7]
Bgel F7) 580 RES FHLR AAFHL=
#Hxoz 71LoxE BUA FEo] HAAL,
Bgo] 19 ¢ZME B2ole 3l Wik 9
3 AL AfE0)7F YERT B3 BE F99
TEY 4FE ZEY HE FURE g w4
a3 BZ2of 19 FZolAM T AgEol9t &
@otA €k oleld Aol 3 2= 19 @
ZoA T 2B8Eo)l= o] §1& wo) )

2E
& ok 12w A= o dAstdoh

243

_OM OFF OFF
. _&:“b.\,._._\- -y

(c) Exp. 7

Fig. 8 Visualization of flow around a module
at V=0.26m/s

Fig. 8(b)e E=20 2% 715 w FF7HAE
EZo] 29 7tEsoz

Azl F5 5L

3} REL FiAog Fyl BF0] AR o
AL ojFr B2of 29 AFoE LEECVL T
et gt o] 28E0)E EEo g W ¥
A 2fEold uls) & 220 A= ¢ A A
Gl &



N

AgiRE HOAAQY BE0] Yehgeh
£ 799 22Y FFE TEY $2 F
£ me f5UPoz B4 B2 39
AN wAY £8Tol% T Be BR
¥ 4 AU o] A8BolE EEo| Ug W W
4e 2gEold W o 4 FE O 250 27
s

[N 1 I
B HT o o
ta e

[+

Ho.

33 EepR2IX}

2ZoA A ddHET 24 "yl o4
GEH2E(T)E £33 g e Hoz
F4FAHPE FahTh

 Tw—Te
F= == @)

Fe 28 F99 Ad daye dA3IHK/W]
€ Yy, R oA LAY dF o
He] Fhtolol A gutdlE Ay £48 dAFY
o Y2 FHE Holth Qab EE EUAY
HFEALFWIOIZ Qat Qa=Qr - QL2 A4
ook Qe d&EAdFold. Tet: AEYdT9 F
71 & xojr}

Fig. 9~11(Exp. 1~Exp. 1< 4 ()& <43
o 7% Fgte 4= & vehdg.

Fig. 95 €29 377t 7158 o RE F99
Fgel 2¥& Jgdch 230 F=283K/W9
d9e ddy 2% & FH(Ta=37Thol3,
F<283K/We] 99L& Jddzez gdy 257}
2o odode ygdt Fge 2¥X: REL F
Hdog 58 9oz g FaE vehhg
o 53 9¥8d 2%t & F=283K/We 9
gL 2EZRE 248 n2F70 7w ¥R
£ HolA dgy g4 I dolA] ¢ 4gE
of 7l®t ERAZY EXFgo] FsisiA "o
FQBK/WIMNE BE F99 T3I8 79
7t&EFEC o8 2E28yH dojFd w2 Fyt
o] Wolx|A At Fg9 X He: Fig. 69
F57 A A% A AXNFE ¥ F U

Fig. 10(@)~(c)e &= 277l 7158 o Fgk
o B¥XE uvehdd, YoM FY =il g$
HE 2% & Fig. 9914 A38% uisp 2ok

Fig. 10(a)~(c)= Exp. 2~49 Z2JAL2AN
geon ztzte] FEX Fej: Fig. 7(a)~(c)

44 4y AdF

= OO

118 F=2.83 {K/W]
o 2.33
1.63

3 Module
10
I EE RN Y O P LY

Fig. 9 Thermal wake function F on the board
around a heated module (V=0.78m/s)

Air _ggw
1

“winl
[t
= OO0
ot F=2.83[K/W]
::3 2.33
] 1.63
s
3
31 o Module
»
gﬂ_’_ 1] . To o 3o 8o "™
-ai V
() Exp. 3
Jnm)
=]
@@
: F=2.83[K/W}
ot 2.33
: 1.63
2
3 A w3 Module
-]
£l 4 0 LA
-0
(c) Exp. 4

Fig. 10 Thermal wake function F on the board
around a heated module (V=0.52m/s)



FUE #AFH ol 438 AATY EE FHY FARTH SEEX 245

Cl@[e

F22.83 {K/W]

2.33
1.83

Module

Air Ew

Fr2.83 (K/W]
2.33
1.63

Module

Air fiy
1) =

h fo & Xmm)

F=2.83(k/w)
2.33
1.63

Module

ER8858338853

Air flio
W
i4

(c) Exp. 7

Fig. 11 Thermal wake function F on the board
around a heated module (V=0.26m/s)

o #E7/HNE A FAR BFE BEHTH
Fig. 10(@)~ ()%l 114 F=2.83K/We L& 3
do AHL AY ATY #59 FEo= g
o Fig. 994 Rz A9 WAHEY Fig.
10a)et )AL+ o 2%, Fig. 10(b)y= oF 8%
q F71gS 2ch

Fig. 11(a)~(c) 718 EZ47 171 (Exp. 5
~7) 9 w Fol £xE yetdt 2 4d9 FE
¥ F"Y¥+ Fig. 8a)~()9 #5718 Axs
A AgS By, 7 A¥dXM F=283K/W
9] WAL Fig. 99 ZARd Fig. 10(a)% (o=

o} 16%, Fig. 10(b)E 22% F7H3tAmh.

Pggy g ddo] 23AE BE FH9 F
4% @ SEE ¥ 3 71z A8E s
1 938t 7iwe 7. B2 sMeAF 2 o)
duH g WEAA HEM A¥EH dFE FY%
o g3 22 AES AU

(1) 28 949 dFEAT Ree 299
HEAFIE BEFE F E20 MY E97H 1
Y wWro R o 33% A4, =3
2207} 7] £=& 27 HEE dol E20]9] v
g 9Av HEAA T3 Regte HE FHEE
B 3= |9d Adzriged 43 EE
9] Re@e 7189 dAASFE 424 F7HAZE
o 6.3K/W(V=0.78m/s) ~4.7K/W(0.26m/s) BE
#2%e B

(2) B2olg 7HEAs 2 wigdwye Ay
A A2 U 28 FHY 37 TEFE /AT
2%, 2E F99 2FygR, BE FPI9Y
JFHE a e E2ojo] dZFdAY L E
E 50 BRIUY ZE T §F dHES
Bzolg 7tgA4e wEd AXd weg ZES
FAoz YAAHA 528 ¥ ERAY 7t Hg
o2 #HeHoz 7goAE HGAHA BE]
#2HUYG. E3 £ 5 W FF EJL BE

N

o)

I B2o] AlololA WAHE XgEolOTh o]
A2EEE Ad Wl 2Ee] flE Hde &2

olg] g&ZoA E=Eolo s & AL
A4 Eol7 HAsge Y EEo EAY Feol
28 F9o Fuloly ZAG 47 AES
o]7} Mz E@ste] 28&E]7} oF 1.5u]~324l
AT o zA 43S dFddd =% 288
ojg] ANE B2 EMFEI 7oA 1R
2285 o 28 A% o IA 4F3}AG
(3) g9 WEo vdd x| mAE I
g Feda F2 EASY A U BE 59
EXE Fagith FRXY 442 ZE F¢
5 ddd {FAY AL 2yd R F
ol FREJ F>28K/W 12 Jg9 9wy
E2o] 377t 7188 wE riEez W &
207} 27 7} 52 W= oF 2% ~8%, B0} 17
712" g 16%~22% o 3A 7154

ek

fo o o 1o g



246 DR R

]
rot

fna

(1) Chang, M. I, Shyu, R. J. and Fang, L. J,, 19
87, "An Experimental Study of Heat Transfer
from Surface Mounted Components to a Channel
Airflow," ASME Paper No. 97-HT-75.

(2) Roeller, P. T., Stevens, J.,, and Webb, B. W.,
1991, "Heat Transfer and Turbulent Flow Characteris-
tics of Isolated Three-Dimensional Protrusions in
Channels," ASME J. of Heat Transfer, Vol. 113,
pp. 597 ~603.

(3) Rosten, H. 1., and Viswanath, R., 1994, "Thermal
Modeling of the Pentium TM Processor Package,”
IEEE  Electronic  Component  Technology  Conf.,
Washington, D.C., pp. 421 ~428.

(4) Behnia, M., Nakayama, W. and Wang, J., 1998,
"CFD Simulation of Heat Transfer from a Heated
Module in an Air Stream: Comparison with Experiments
and a Parametric Study," InterSociety Conf on
Thermal Phenomena, pp. 43 ~151.

(5) Nakamura, H., Igarashi, T. and Tsutsui, T.,
2001, "Local Heat Transfer Around Wall-Moun ted
Cube in the Turbulent Boundary Layer," Int. J of
Heat and Mass Transfer, Vol. 44, pp. 3385~
3395.

(6) Park, S. H. and Shin, D. J, 2002, "A Study
on the Heat Transfer Characteristics Around a
Surface-Mounted Air-Cooled Module for the Flow
Angle-of-Attack," Trans. of the KSME, B, Vol.
26, No. 9, pp. 1267~1275.

(7) Graham,K. and Witzman, S., 1988, "Analy- tical
of Thermal

Cooling  Technology for

Correlation Design of Electronic

Packages," Electronic
Equipment, pp. 249 ~264.

(8) Nakayama, W. and Park, S. H., 1996, "Con-

jugate  Heat  Transfer from a  Single
Surface-Mounted Block to Forced Convective Air
Flow in a Channel," ASME J. of Heat Transfer,
Vol. 118, pp. 301~309.

(9) Lee, J. H.,, Park, S. H.,, Riu, K. J. and Bang,
C. H., 2000, "Mixed Convection Transport from a
Module on the Surface of Three
Dimensional Channel," Trans. of the KSME, B,
Vol. 24-15, pp. 632~639.

(10) Park, S. H. and Hong, T. 2002, "Ehance-
Transfer from an Air-Cooled
3-Dimen-sional Module by Means of Heat
Spreading in the Board," Trams. of the KSME, B,
Vol. 26, No. 7, pp. 1022~1030.

(11) Zhang, X., Imamura, T. and Fujii M., 1999,
"Conjugate Heat Transfer from Small Heat Source
Mounted on a Conductive Wall," ASME Advances in
Electronic Packaging, EEP-Vol. 26-1, pp. 511~519.
(12) Kobayashi, T., Ogushi, T., Sumi, N. and Fujii, M.,
1998, "Thermal Design of a Ultra-Slim Notebook
Computer,” in InterSociety Conference on Thermal

Bottom

ment of Heat

Phenomena, pp. 15~21.

(13) Hisano, K., Iwasaki, H. and Ishizuka, M., 1996,
"Thermal Analysis of
Equip-ment," in Proceedings of the 6th International

Compact  Electronic

Symposium on Phenomena and
Dynamics of Rotating Machinery, Vol. 2.

(14) Viswanath, R. and Ali, I. A, 1997, "Thermal
Modeling of High Performance Package in Portable
Computers,” in IEEE Trans. on Componets, Packa-
ging and Manufacturing Technology. Part A, Vol.
20, No. 2.

(15) Kline, S. J. and McClintock, F. A., 1953,
"Describing Uncertainties in Single-Sample Experi-

Transport

ments," Mechamical Engineering, Jan, pp. 3~8.



