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Flow Characteristics in the Converging Mini-Channels

Sarng Woo Karng, Jin-Ho Kim, and Yoon Pyo Lee
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Abstract

Recently mini-channels or micro-channels are widely used for cooling the high density power electronic
devices. Especially, the channels are used in small and high efficient equipments such as heat pipes and heat
exchangers. Interfacial velocities between liquid and gas phases are very important in mini or micro-channels.
In this paper, an experiment and a numerical analysis on the interfacial velocities were performed. In the
experiment, the interfacial velocities which were measured by the high-speed CCD camera were about 26~33
cm/s and the velocities increased as the inclination angle did. In the numerical experiment, CFD-ACE+, a
commercial program, was used, the velocities had similar values with experimental results. As the inclination
angle and the contact angle increased, the interfacial velocities did because of the surface tension which
causes to move the interface. The effect of inclination angle was larger in the converging channels than in
straight channels.
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Fig. 1 Photographs of (a) the funnel-shaped mini-
channels at the front side and (b) the cooling
water passage at the back side in the condenser.
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Fig.2 (a) The front view and (b) the side view of
experimental apparatus for velocity measurement
through the mini-channels.
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Table 1 The experimental results of the velocities
through the mini-channels.

Ho

[ oﬁi&&ﬁoﬁ&ﬁéﬂ“ ot [o
o
J&rm‘{

X, > o

Inclination angle [°] Velocity [cm/s]
90 32.9
60 32.9
30 26.0
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Fig. 3 Schematics of (a) numerical model and (b)
model for comparison with experiment
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Table 2 Reference conditions and parameters

Condition Reference Parametric study
value
Inclination NOt 309, 45°, 60°, and 90°
angle considered
Not Full wetting,
Contact angle considered 45°% 60°% and 75°
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Fig. 5 Temporary interface’s movings at reference
conditions through the straight channel

0.0000E+00 gec 53222E-02 sec ‘—l
7.5483E-02 sec 1.1053E-01 sec
1.1859E-01 sec 1.4945E-01 sec

Fig. 6 Temporary interface’s movings at reference
conditions through the converging channels
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Table 4 Effects of the contact angles on the interfacial
velocities

Contact angle | Consumption time Interfacial
[°] [sec] velocity [em/s]
15 0.20435 24.47
30 0.22457 22.26
45 0.24638 20.29
60 0.32819 15.24
75 0.50021 9.996
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Table 5 Effects of the inclination angles on the
interfacial velocities through the converging channels.
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interfacial velocities through the straight channel. Interfacial Velocity
Inclination Consumption loci improvement
Inclination Consumption time Interfacial angle [°] time [sec] ‘E;ﬁ?g by converging
angle [°] [sec] velocity [em/s] channels [%]
No gravity 0.20145 24.82 No gravity 0.14945 33.45 34.77
90 (vertical) 0.09876 50.63 90 (vertical) 0.082846 60.35 19.20
60 0.10583 47.05 60 0.086715 57.66 22.03
45 011296 4406 45 0.092773 53.89 21.75
30 0.10205 49.00 22.93
30 0.12545 39.86
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