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Experimental study on liquid single-phase forced convection
heat transfer characteristics in concentric circular
microchannels

Junichi Ohara and Masateru Ishida

Abstract : In this research, aiming at efficient cooling of the locally concentrated heating part of the electronic
element, a new concentric circular microchannel plate that can efficiently cool the CPU is designed in
consideration of the heat generation characteristics of the CPU. Then, we conducted an experiment on heat
transfer when water was used as the refrigerant for this new microchannel plate, and grasped the basic heat
transfer characteristics. Furthermore, by comparing the results with the straight microchannel plate having a
simple structure, the heat transfer promotion of the concentric microchannel plate was examined. By using a
concentric microchannel plate, the temperature at the center of the heater can be maintained at about 25T,
and even when compared with a straight microchannel plate, the temperature rise can be suppressed by about
8 to 23°C. The heat transfer coefficient of the concentric circular microchannel plate is 6 to 8 kW/m’K, which is
almost constant, and about four times higher than the heat transfer coefficient of the straight microchannel
plate at the same heat quantity and the same flow rate. In addition, the research results were compared with
the previously proposed experimental correlation equation for single phase forced convection laminar heat

transfer of straight microchannels.

Key words : Microchannel, Heat transfer, Concentric circular, Water cooling
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Fig. 1 Schematic view of concentric circular microchannels
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Table 1 Specifications of microchannel plates

Straight MCP

. Concentric circular MCP

Width of channel a [ 2 m)] 400 400
Depth of channel & [ 1 m] 400 400
Hydraulic diameter of channel D[ pm] 400 400
Mumber of channels n [-] il 16

Length of a channel [mm] 30 161
Total length of channels in plate [mm]) 1800 2574
Thickness of wall s [y m) 200 200
Thickness of channel base d [mm] 1.6 1.6

Contact area of refrigerant A, [mm?] 2160 1910
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Parameters

Sensor

I aﬂ'l.{'l'lll"q'll'-}'

Measurement ool

.'"';1.:1'-!."':'][‘_'!.'

Sheath diameter &

classl )
Tin Tous 1.6mm datalogger +1(0.05% of rdg. +0.7C)
] +1.5C
Kiype  thermocouple
Sheath diameter &
Class
Thieat 0.25mm 1B datalogger +(0.05% of rdg. +0.7C)
+1.5C
Ktype  thermocouple
Volt — — datalogger F005% of rdg.+20mV)
Current indicating ammeter Class1.0 *=1%

Volume Oow rate

Volume Mow meter
for Waler

+92%
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