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Numerical study on the thermal behavior of a natural convection hybrid fin heat
sink

Kyoung Joon Kim'
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Abstract:  This paper reports numerical study results with respect to the thermal behavior of a natural
convection cooled hybrid fin heat sink (HFH). The HFH consists of hybrid fins, hollow pin fins in-
tegrated with plate fins. The thermal performance of the HFH was numerically investigated by employing
a commercial CFD software package and compared with that of the pin fin heat sink (PFH). Numerical
study has found that array-based and mass-based heat transfer coefficients of the HFH are 12% and 37%
greater than those of the PFH, respectively. Extended surface area and lighter weight may explain the
better thermal performance of the HFH than the PFH.

Keywords: Hybrid fin heat sink, Light weight, Natural convection, Thermal performance
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Figure 1: (a) a 3-D schematic of a HFH (b) a sche-
matic of a HF (c) a 2-D schematic of a HFH
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Figure 2: Boundary conditions of a CFD model
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Figure 6: (a) A declination angle of a HF between
the symmetry axis of the fin and the axis of the
gravity (b) velocity fields of the air flow in a HF at
various declination angles

GrambA Al A L o] P83 2] A|377 A113.(2013. 1)

o

HN

Figure 77} 82 CFD RS #83te] <53 h,
b hns ZAAMES] §he® BolErh AAkzte] St
o we} ha= 47.8 H-E 53.9 W/m*K 7H4], hy 2

pu

1.9 ¥¥ 2.2 Wikg-K 7}% #3it)
55
<50
:‘E
=3
£ 45
40
0 15 30 45 60 1o 20

Declination angle (degree)
Figure 7: Predicted array-based heat transfer co-
efficients, h,, of a HF as a function of declination an-

gles
25
o
=
=3
£15
1
0 15 30 45 60 75 90

Declination angle (degree)
Figure 8: Predicted mass-based heat transfer co-
efficients, hm, of a HF as a function of declination
angles

AAVZEe] Z7ell whEh he$t hed Z71ake] 2b7F 7
Apzto] 90°e) wl 0o w mr) oF 13%, 16% T =
ok ARl Sbell mhEE heot ol ST 7

Azt A-GF F7] plumed] Fdo] HF9 9]—r
EHAZREH WEHE E8S T/MIIES o]
38



P

O ~FLo

PFHELT} oF 1296, 37% -5+

T, ek A g
{ Shek FAIRF2R7F PRHEG -
e 5 Slnh At #7}01]
7kt ol AAtztel AdE
lumeo] HF] <72 0= iE LEH
7HN717] A GeiE A=) o

1=}

s
%
9

S
X

LS|
=

31

R

Ale] o) 3/

?_

FaL 29dags A7
A7 Ao},
sy

[1] T. Aihara and S. Maruyama,

vective/radiative heat transfer from pin-fin ar-

"Free con-

with a vertical base plate (general rep-

of heat transfer performance)”,
International Journal of Heat and Mass
Transfer, vol. 33, no. 6, pp. 1223-1232, 1990.

[2] W. A. Khan, J. R Culham, and M. M.
Yovanovich, "Optimization of pin-fin heat
sinks using entropy generation minimization”,
Proceedings of the 9th IEEE
Conference and

rays
resentation

Intersociety

on  Thermal Thermo

GrambA Al A L o] P83 2] A|377 A113.(2013. 1)

(4]

(5]

(6]

(7]

3

ol

“

FA A AT

Mechanical Phenomena in Electronic Systems,
pp. 259-267, 2004.

R. Bahadur and A. Bar-Cohen,
sign and optimization of natural convection
pin heat IEEE
Transactions on Components and Packaging
28, no. 2, pp. 238-246,

"Thermal de-

polymer fin sinks",
Technologies, vol.
2005.

E. A. M. Elshafei,
transfer from a heat sink with hollow / perfo-

35, no.

"Natural convection heat

rated circular pin fins",
7, pp. 2870-2877, 2010.
T. lcoz and M. Mehmet, "Light weight high
performance

Energy, vol.

thermal management with ad-
vanced heat sinks and extended surfaces,"
IEEE  Transactions on Components and
Packaging Technologies, vol.
161-166, 2010.

H. Kim, K. J. Kim, and Y. Lee,

performance of smart heat sinks for cooling

33, no. 1, pp.

"Thermal

high power LED modules",
the 13th IEEE
Thermal and Thermomechanical Phenomena in
Electronic Systems, pp. 62-67, 2012.
K. A S. T
Computational Fluid Dynamics Volume 1, (3rd

Proceedings of
Intersociety Conference on

Hoffmann and Chiang,

ed.), Engineering Education System, 1998.

39



	자연대류상의 하이브리드 휜 히트싱크의 열특성에 대한 수치적 연구
	요약
	Abstract
	1. 서론
	2. 하이브리드 휜 히트싱크
	3. CFD 모델
	4. 열성능
	5. 결론
	참고문헌


