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Abstract : In this study, the flow and heat transfer of the aligned pin-fin array of the air cooling module for
electronic packaging application were numerically analyzed with various fin shapes. The geometric
cross-sectional shapes of pin-fins considered in this study were ellipse, wing and circle. The fins had same
cross-sectional area and height, but they had different surface areas. As the results, the surface area, the heat
transfer coefficient, and the heat transfer performance of pin-fins greatly depended on their shapes. Of the three
types of pin-fins, the wing type pin-fin with suitable shape produced the best heat transfer performance. This
result implies that the cooling capacity of the pin-fin cooler can be significantly enhanced only by the change
of fin shape without increasing air flow-rate or fin density.
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(a) aligned array (b) staggered array

Figure 1. Wing type pin-fin heat exchangers.
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(2) wing type pin-fin (b) ellipse type pin-fin

Figure 2. Cross-sectional shapes of pin-fins with fin
thickness change.
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Figure 3. Schematic diagram of a test model of
aligned pin-fin array.



@50} Yok W-8) DS 5x3YFejdol o, AFY 299
# Aolg 7S 49 -8 AL V1FoR Pegnh
339 R4 A W FEEYE sk A

7‘5({11@):0 (1)

A7 o 9w A AR SRtk 181 +E

WRAE e A3 2o

@A delszart 4 Ag fRABAAF,, = TS

3} go] Ao}

o= |1+ q*ir 3)
eff mol p‘mol \/g

AN ps BARAAFOI Holezgr) & 49 4F

WA T A3 go] Aeldr

My = P(/L . (€]

3 P a Il m
2 (k) + -2 ok, ) = 2 £
o0 ot = Hm -

8—‘”‘] ©)

oz,

+ G+ G pe— Y+ 8,

RN (AT
) ) = ](m Uﬁ) am’} ™
€ 62
PG GGG~ Gt s

S 2ok oA GO G A7 WS E 9 o) 8 Ao
Ueleh $19] A& k- R o], Aed AsY 3t
52 g =14, ¢ =192, G:=0.09, 5,=1.0, ¢,=1.3 o|t}.

AAZAE BE QTEAL IPEEY APLEE 9

Clean Tech., Vol. 14, No. 4, December 2008 267

r=7,, V="V, a z=0 (8)

V=0 at all walls (9)

P=1013kPa @ w=1L (10)
q=17 W/ca at fin base

g=0 at y= 0, y=W, (1L

z= 0 (except finbase), z=H
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Table 1. The data used in the numerical calculation

Air
density = 1.225 kg/m’
Cp = 1006.43 J/kgK
k= 0.0242 W/mK
n= 1.7894e-05 kg/ms
Aluminum
density = 2719 kg/w’
Cp = 871 J/kgK
k = 2024 W/mK

Properties

Air velocity = 1~5 m/s

Operating Air inlet temperature = 297K

conditions
Heat flux at base = 17 W/en

Wind tunnel LxWxH = 150x100x60 {mm)

i

He
A

30 mm (ﬁ‘xed)

Fin geometry 12.57 mm’

If
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(top-view)

Figure 4. Grid generation for a numerical calculation (top
view).
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Figure 5. The effect of pin-fin shape on surface area.
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Figure 6. Flow fields around aligned pin-fin array
(inlet air velocity=3 m/s, h=15 mm, t=2.8 mm).
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Figure 7. Temperature fields around aligned pin-fin array
(inlet air velocity=3 m/s, h=15 mm, ¢=2.8 mm).
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Figure 8. The effect of pin-fin shapes on average heat
transfer coefficient of aligned pin-fin array
(inlet air velocity =3 mi/s, fin height =30 mm).
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Figure 9. The effect of pin-fin shapes on the heat transfer
performance of aligned pin-fin array(inlet air
velocity =3 mJs, fin height = 30 mm).
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