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Experimental Investigation of Forced Air Cooled Plate Fin Heat Sinks

Tae-Yeop KimT

Abstract

Analytical thermal models based on average convection heat transfer are frequently used for the design and
selection of forced air-cooled plate fin heat sinks. In this paper, a convection heat transfer model within a
£10% margin of error was presented through experimental investigation. Five types of heat sinks with inlet
widths of 1.7 -6.8 mm were tested at 50 - 160 W heat sources to derive and verify the model. Causes of error
between the experiment and analytical thermal model were analyzed and listed to design the heat sink. Using
proposed method and the lists to be considered in the paper, a quick and accurate heat sink design of the

power—conversion system is expected.
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No.1 No.2 No.3 No.4 | No.b
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TABLE IV
NOMENCLATURE
Item ‘ Value ‘ Unit
Properties of air and aluminum (@40T)
¢, |Specific heat 1007 | J/kg-C
k Heat sink thermal 6061 | 166 Wim-C
s | conductivity (Aluminium) |6063 |201

k, | Air thermal conductivity 0.0266 | W/m-C
o | Thermal diffusivity 24E-5 | m?/s
v | Kinematic viscosity 1L7E-5|m?/s
m Dynamic viscosity 19E-5| kg/m s
p |Mass density 1127 | kg/m?®

Temperature
T, |Inlet air temperature T
T; |Film temperature T
7, |Baseplate temperature T
T, |Fin wall temperature T

Heat sink geometry

A, |Total heat sink wall area 2

m
A, | Air flow cross section area m?
b Channel spacing m
H | Fin height m
L Fin, baseplate length m
N | Number of fins
t fin thickness m
t, base thickness m
W | baseplate width m
Thermal Analysis
Nuggyy | Fully developed Nusselt number -
Mg, | Developing Nusselt number -
Ny, | Composite model Nusselt number -
Pr | Prandtl number -
Rez Channel Reynolds -
U | Average air velocity m/s
UA(m/s) Air Flow Rate m3/s
@) | Heat dissipation rate w
h,, |Average heat transfer coefficient Wim* K
h Heat transfer coefficient Wim* K
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