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Optimisation of flow rate algorithms for ultrasonic flow
meters in different flow regimes

Wang Yue Liu Xiaodong Wu Guifeng

(School of Electrical and Energy & Power Engineering, Yangzhou University, Yangzhou 225000, China)

Abstract: To reduce the calculation errors of ultrasonic flowmeters using the traditional time-difference method under different flow
states, a correction method for flow velocity calculation is proposed. The flow field is classified into three states according to the Reynolds
number (Re) :laminar flow (Re<2 000) , transitional flow (2 000<Re<4 000) , and turbulent flow ( Re>4 000). Correction factors are
added to the linear velocity distribution formula of the ideal flow state to address errors caused by different flow states. A water circulation
system and a PIV system are used to collect flow rate data at Re=2 000 and Re =4 000 as calibration values. The linear velocity
distribution formula with correction factors is combined with the integral time-difference method to calculate flow velocity and rate. By
adjusting the correction factors and minimizing the errors between calculated and calibrated values, the correction factors for laminar and
turbulent linear velocity distributions are determined as 1. 847 1 and 1.436 8, respectively. Then, linear interpolation is applied to
obtain the linear velocity distribution and corresponding flow values for transitional flow, The experimental data, are used for validation.
Results show that the calculation error for transitional flow (Re 2 000-4 000) is about 0. 2% relative to the experimental error, and for
high—Re turbulent flow, the relative error is around 0. 45%. This proves that the method of combining correction factors with the integral
time-difference method via Reynolds number classification is effective and yields more accurate results.
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Fig. 1  Methodological structural framework
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Fig.2 Linear velocity distribution for different

flow regimes without correction
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Fig.3  Ultrasonic flowmeter detection principle
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Table 1 Data logging form

Re  T/C w/(m/s)  SBRGEHDE M4 %) Q/(m*h™h)
2 000 12 0. 062 0. 28 0.28 0. 281 0.28
2 200 12 0.068 0.309 0.309 0.309 0.309
2 400 12 0.074 0.337 0.338 0.337 0.337
2 600 12 0.081 0.365 0.366 0.367 0. 366
2 800 12 0.087 0.392 0.392 0.392 0.392
3 000 12 0.093 0.418 0.42 0.42 0.42
3200 12 0.099 0.499 0.448 0.449 0. 448
3400 12 0.105 0.477 0.478 0.477 0.477
3 600 12 0.112  0.503 0.503 0.502 0.503
3 800 12 0.118 0.533 0.534 0.533 0. 535
4 000 12 0.124 0.561 0.561  0.561 0. 561

11800 11.2 0.374  1.694 1.692 1.691 1. 692
12 000 11.2 0.38 1.717  1.719 1.72 1.719
12200 11.2 0. 387 1.75 1.75 1.751 1.75
19600 10.3 0. 636 2.88 2.878  2.879 2.879
19800 10.3 0.643 2.907 2.908 2.907 2.905
20000 10.3 0.649 2.936 2.936 2.935 2.937
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calculated values at transition flow
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Fig. 11 Transitional flow line velocity distribution
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