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A Method for the Measurement of Flow Rate in Pipe using a Microphone Array
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ABSTRACT

A new method is proposed to measure the flow rate in a pipe by multiple measurements of acoustic pressure
using a microphone array. It is based on the realization that variation in flow velocity affects the change in
wave number. The method minimizes measurement random errors and sensor mismatch errors thereby
providing practically realizable flow rate measurement. One of the advantages of the method is that it does
not obstruct the flow field and can provide the time-spatial mean flow rate. Numerical simulations and
experiments were conducted to verify the utility of this method.
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Fig. 2 Measurement random errors and
transfer function of a microphone array system
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Fig. 3 Numerical simulation results for flow
velocity of 10 m/sec including errors induced by
the only magnitude mismatch between sensors.
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Fig. 7 Measured flow rates of the air inside of
pipe using 4 microphones when true flow rate
Q=0, 8, 10, 12 liter/sec.
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Fig. 8 Estimated flow rates for Q=0, 8, 10, 12
liter/sec after phase and magnitude mismatches
between sensors have been compensated.
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Fig. 9 Histograms of the estimated flow rate at
each discrete frequencies and Gaussian
distribution curve fit.

Table 2. The flow rate and theirs estimated from the
Gaussian distribution curve fit
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