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Design and Operational characteristics of a Heat Pipe Heat Sink
for Cooling of Power Semiconductors

Hwan-Kook Kang and Chul-Ju Kim
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ABSTRACT

A heat pipe heat sink device, which is to evacuate a maximum heat of about 1800W from a power
semiconductor was designed and manufactured. One set of cooling device is composed of an Aluminum block
(130 x 160 x 35mm), 4 PFC heat pipes (d, = 22.23mm) and 126 Aluminium fins (250 X 58 X 0.8mm).
Experimental data obtained at a power of 1~2kW revealed that the total thermal resistance of the device varied
0.02~0018C/W along with increasing air velocity from 2m/s to 3m/s. The result represented a good
satisfaction of requirement condition to maintain temperature rise of semiconductor lower than 40T at 1800W
and air velocity of 3m/s. Some important resistances such as convective resistances at both fins and heat pipes
showed good agreement between mathematical predictions and measurement data.

Key Words : Heat pipe, Heat sink, Heat transport limitation, Thermal resistance
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Table 1 Thyristor cooling system for rolling stock
e I _ I )
Item Tank immersed type boiling cooling Heat pipe type natural air cooling
system system
, _ _ o T ]
Thyristor Heat pipe
—
Condenser
—
Construction
Freon
] _[< Block s

Workmg flu1c freon, perfluorocarbon

Stack

Working Fluid \f lectronical insulated Tube

perfluorocarbon

Method for
element setting

LFIUld volume

immersion in fluid

13 3 Q /th\e 7 ,

set outside

0.3¢ /phase
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Table 2 Designing specification of heat pipe heat sink for rolling stock

Power loss of semiconductor

500~ 2000 W/element

Temperature rise of
surface of semiconductor

less than 40~55T

Withstand voltage

more than 6300 V(A.C. for 1 min)

Insulation resistance

more than 2000 M@

Temperature shall be normally operate at —25~ +407T
Ambient Humidity shall be normally operated in less than 952 of relative humidity
| . shall be normally operated under such environment as wind and
Environment ) . ..
snow, rainfall, dusting, strong sun radiation
Life | more than 20 years
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130mm X 160mm X 35mm

Heat pipe
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