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Flow friction in silicon-based sinusoidal wavy microchannels

ZHANG Chi, WU Huiying, HUANG Houxue
(School of Mechanical and Power Engineering , Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: A series of sinusoidal wavy microchannels with different phase shifts and wavelengths were
fabricated on the silicon wafer based on the MEMS technology. Flow frictions in these sinusoidal wavy
microchannels were investigated experimentally. Results show that the flow friction in wavy microchannels
is higher compared with the smooth straight microchannels with the same hydraulic diameter. Both the
phase shift and the wavelength have effect on the flow friction in wavy microchannels. For the
microchannels with the same wavelength, the flow friction increases as the phase shift increases. However,
the influence of wavelength is complicated. For the microchannels with phase shift of 0, the flow friction
normally increases as the wavelength decreases with the exception for the microchannel with the smallest
wavelength. For the microchannels with phase shift of =, the flow friction decreases as the wavelength
decreases due to the decrease of the throat size in the microchannels. The investigation also shows that as
the wavelength decreases, the influence of phase shift on the flow friction decreases. For the wavelength of

0.5 mm, there is little difference in the flow friction between the microchannels with 0 and = phase shifts.
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Fig. 1 Schematic plot of experimental system
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1—gas valve; 2—liquid tank; 3—liquid valve; 4—filter;
5—pressure transducer; 6—test section; 7—high speed
camera; 8—microscope; 9—liquid collection tank;
10—electronic balance; 11-—data acquisition

system; 12—computer
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Table 1 Geometric parameters of silicon microchannels
Channel No. Types Dy/pm A/pm {/pm Dy /pm Dy /pm ¢ L/mm L*/mm N
1 straight 160 — — — — — 52 52 10
2 wavy 160 200 4000 0 429. 8 0 52 55.9 10
3 wavy 160 200 4000 500 429. 8 /4 52 55.9 10
4 wavy 160 200 4000 1000 429. 8 /2 52 55.9 10
5 wavy 160 200 4000 1500 429. 8 3n/4 52 55.9 10
6 wavy 160 200 4000 2000 429. 8 w 52 55.9 10
2a wavy 160 200 2000 0 457.0 0 52 59.4 10
2b wavy 160 200 1000 0 505. 6 0 52 65.7 10
2¢ wavy 160 200 500 0 588. 4 0 52 76.5 10
6a wavy 160 200 2000 1000 457.0 w 52 59.4 10
6b wavy 160 200 1000 500 505. 6 bS 52 65.7 10
6c wavy 160 200 500 250 588.4 w 52 76.5 10
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Fig. 3 Photos of typical microchannels
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Table 2 Measurement errors

Parameters Maximum error/ %
Dy 1. 88
L 0.2
Ap 1.11
M 0.98
f 6.5
Re 8.9
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