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Transverse flow velocity measurement of carbon particles based on photoacoustic Doppler

standard deviation calculated with autocorrelation method

LU Tao, BAI Weiwel
College of Electrical Engineering, Henan University of Technology, Zhengzhou 450001, China

Abstract: In order to measure the flow velocity of carbon particle suspension perpendicular to the receiving axis of ultrasound
transducer, the standard deviation of photoacoutic Doppler frequency spectrum which was calculated with an autocorrelation
method was used to estimate the bandwidth broadening. A 532 nm pulsed laser with the repetition frequency of 20 Hz was used
as a pumping source to generate photoacoustic signals which were then detected using a focused ultrasound transducer with a
central frequency of 10 MHz. The suspension of carbon particles was driven by a micro-injection syringe pump. The photoacoustic
signals in time domain were transformed into complex photoacoustic signals using Hilbert transformation before autocorrelation
calculation. The standard deviation of Doppler bandwidth was calculated by averaging the autocorrelation results of several
sequential A scans. Compared with the previously reported cross-correlation method based on sequential A scans, the advantage
of the proposed method is that the time delay in autocorrelation can be customized. If the time delay was chosen much less than
the time interval between the sequential A scans, aliasing can be avoided, moreover, the requirement for high laser repetition
frequency up to several kHz in cross-correlation was avoided. The feasibility of the proposed method is preliminarily demonstrated
by measuring the standard deviation of the carbon particle suspension with a transversal flow velocity from 5.0 to 8.4 mm/s. The
experimental results revealed that the autocorrelation results were approximately distributed linearly within the measuring range.
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Fig.2 Photoacoustic signals in time—domain sequential A scans
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Fig.3 Standard deviation of Doppler bandwidth calculated with

autocorrelation method and its fitting results
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