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Study on liquid surface wave detection based on laser Doppler effect

ZHANG Xiao-lin ,TANG Wen-yan ,ZHANG Chun-fu, WANG Jun
(School of Electrical Engineering & Automation , Harbin Institute of Technology ,Harbin 150001, China)

Abstract: To measure the frequency and amplitude of low-frequency liquid surface wave, a detection method based on the
principle of Doppler interferometry for velocity measurement is proposed, which makes use of interference between laser scattered
on liquid surface and reference beams. Theoretical analysis was carried out to achieve the analytical expression for Doppler shift
and amplitude of liquid surface wave. Also, the feasibility of demedulating frequency of low-frequency liquid surface wave from
the spectrum was evaluated with Bessel functions. A test system was designed and implemented for Doppler interferometry for

liquid surface wave. The test results show that parameters of liquid surface wave at 10Hz ~ 40Hz can be measured accurately.

This method provides a new solution for detection of liquid surface wave.
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Fig. 1 Structure of experimental system
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Table 1  Specilications of sysiem components

divice parameler value

wavelength/nm 632.8

stabilized helium neon

laser systems output power/mW 0.6~1.4
beam diameter(1/¢?)/mm 0.54
polarization( linear) >5000: 1
optical isolator transmiltance >97%
filter band width/nm 1
large-area photoreceivers wavelength/nm 400 ~ 1070
type silicon
diameter/mm 8
gain/(V-A"") 2 x 10°
band width/kHz 90
A/D sample rate/kHz 44
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Fig.2 Time-domain waveform
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Fig.3 Spectrum analysis
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Table 2 Peak frequences of spectrum

frequency of peak frequency of spectrum/Hz standard average relative
signal generator /Hz group | group 2 group 3 group 4 deviation/Hz /Hz error/ %
10 10.3 9.8 9.8 10.4 0.28 10.075 0.75
14 14.1 13.7 14.1 14.3 0.22 14.05 0.36
18 18.6 18.0 18. 1 17.7 0.32 18.1 0.56
22 21.3 21.6 21.9 22.5 0.44 21.825 0.80
26 25.9 25.7 25.9 26.2 0.18 25.925 0.29
30 30.5 29.9 30.0 30.2 0.23 30.15 0.50
34 33.7 33.9 34.5 34.4 0.33 34.125 0.37
38 38.3 38.3 38.6 37.9 0.25 38.275 0.72
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Table 3 Amplitude of liquid surface wave

frequency of signal  maximum Doppler amplitude of liquid

generalor/Hz frequency/Hz surface wave/ pum
10 1396 7.029
14 1938 6.971
18 2449 6.851
22 2940 6.729
26 3428 6.639
30 3927 6.592
34 4402 6.520
38 4835 6. 407
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