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Wet gas metering based on dual-modality measurements
by using frequencies of vortex shedding and disturbance wave
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Abstract: Aiming at the overreading problem of vortex wet gas metering, a new overreading correction and wet gas flow measurement
method based on vortex meter-disturbance wave frequency dual-modality detection system were proposed. The conductance ring sensor was
developed to obtain the liquid film flow parameters, the excitation module, acquisition module, demodulation module, and host computer
program were designed, respectively. The sensor’s sensitivity and linearity were enhanced through the optimization of parameters such as
excitation frequency, electrode width, and electrode spacing. The real flow tests were conducted on various carried gas conditions ( gas
flowrate and pressure) and liquid loading conditions, analyzing how vortex over-reading and disturbance wave frequency change with
different two-phase conditions. Finally, the meter overreading equation was established with disturbance wave Strouhal number and gas
Weber number, and the wet gas measurement model was developed combined with Newton iteration algorithm. The model gives a prediction
error of gas flow within £1.5% (97.5% confidence interval ) with uncertainty of 0.75%. Compared with the error up to 12. 1% before
overreading correction, the accuracy of wet gas metering is largely improved. The model utilizes the disturbance wave frequency for meter
overreading correction without the need for liquid film thickness calibration, due to the low requirement for medium conductivity and fewer
calibrated coefficients, thus enhancing the model’s applicability and scalability effectively.
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Fig. 1  Conductance-vortex meter dual-modality system
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Fig.2 Wet gas flow measurement model based on frequencies

of vortex street and disturbance wave
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Table 1 Main parameters of the annular mist flow loop

28 b Hf K B
BRI 100~700 kPa 0.1%
AR 0~80 C 0.2

AR HEF AR 9-~25 m?/h 1. 0%
2 25 0 YRR O 1.7~17 kg/h 2.0%
AL s 0~9.5 mPa 1. 0%
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Table 2 Experimental results on various gas pressure conditions (Q, =18 m’/h)
P/kPa U,/(mes™)  Q/(ml-s™) S/ Hz Svs/Hz We, St e/ (x107%) OR
149.5 29. 15 0.55 2.58 1795.9 1 560. 8 1.33 1.035
149.8 28.45 1. 08 3.17 1 780.2 1489.4 1.67 1. 051
149. 4 28.93 1. 54 4. 44 1 833.4 1534.7 2.3 1. 065
149.6 29.17 2.02 5.47 1 860. 5 1 560.5 2.81 1.072
P=150 kPa 149.8 28.90 2.48 6.05 1 853.7 1532.4 3. 14 1.078
150.0 29. 04 3.01 6.63 1 866.7 1 548.3 3.42 1. 080
150.0 29.21 3.47 7.26 1879.8 1564.5 3.73 1. 081
149.8 29. 16 3.97 9.02 1 884.5 1557.0 4. 64 1. 086
149.5 29. 06 4.50 10. 12 1 884.7 1544.0 5.22 1. 089
203.2 29.35 0.55 2.97 1787.3 1992.0 1.52 1.023
203.9 29.40 1. 08 3.60 1819.0 2 000. 8 1. 84 1. 040
202.2 29. 19 1.54 4.40 1815.5 1 960.0 2.26 1. 045
198.4 28.99 2.02 5.68 1821.1 1905.7 2.94 1. 055
P=200 kPa 198.6 29. 49 2.48 6. 50 1 863.2 1973.0 3.3 1. 061
200. 5 29. 65 3.01 7.34 1 880.3 2 005.6 3.71 1. 065
202.3 29. 62 3.47 8.55 1 889.9 2013.7 4.33 1.072
199.6 29. 38 3.97 9.59 1885.3 1 960. 4 4.89 1.078
199.9 28.98 4.50 11.57 1861.7 1908.0 5.99 1.079
252.7 29. 48 0.55 3.52 1788.0 2 364.8 1. 69 1.019
249.2 29.77 1.08 3.86 1825.7 2 381.1 1.94 1. 030
249.3 29. 46 1.54 4.33 1813.3 2 331.0 2.2 1.034
247.6 29. 17 2.02 5. 66 1 820.8 2273.4 2.91 1. 049
P=250 kPa 247.9 29.47 2.48 6.50 1 847.4 2322.1 3.31 1.053
247.6 29.10 3.01 7.26 1 833.6 2261.5 3.74 1. 059
247.17 29.91 3.47 9.11 1893.6 2 388.8 4.57 1. 064
252.7 29. 81 3.97 10. 79 1 893.9 2 406.7 5.43 1. 067
253.3 29.73 4.50 12.75 1 894.4 2397.5 6.43 1.070
302. 1 29. 80 0.55 3.99 1798.7 2737.4 1.91 1.014
302.9 29.41 1.08 4.15 1 790.3 2 690. 1 2.12 1.023
303.6 29.17 1.54 5.14 1790.3 2 651. 1 2.64 1.031
301. 1 29.99 2.02 6.21 1845.2 2 786.4 3.11 1.034
P=300 kPa 298.5 29.73 2.48 7.34 1 839.6 2719.3 3.7 1. 040
302.3 29. 88 3.01 9.23 1 858.0 2769.5 4.63 1. 045
300. 2 29.95 3.47 10. 18 1 870.3 2767.4 5.1 1. 049
298.5 29. 62 3.97 11. 61 1 859.7 2695.3 5.88 1. 055
298.9 29.07 4.50 13.02 1 830.3 2597.0 6.72 1. 058
352.3 30. 66 0.55 4.03 1 847.7 3277.2 1.97 1.012
350. 8 29. 68 1. 08 4.61 1795.2 3057.9 2.33 1.016
350.5 29.23 1.54 5.83 1 780. 4 2963. 1 2.99 1. 023
351.2 29.50 2.02 6.93 1 803.3 3019.7 3.52 1.027
P=350 kPa 348.3 29.53 2.48 7.31 1817.4 3003.9 3.72 1.034
349.2 29.22 3.01 9.41 1 806.7 2947. 1 4.83 1.039
351.5 29.52 3.47 10.53 1 830.0 3021.1 5.35 1.042
348.8 29.27 3.97 11. 89 1 820.4 2952.7 6.09 1. 045
350.2 29. 61 4.50 14. 40 1842.2 3029.3 7.29 1. 045




5510 A B A LT IR YL Sl ASUASTRS II 14 9 0 91
£3I TRHFSAKETHZRLER (P=250 kPa)
Table 3 Experimental results on various gas flow rate conditions ( P=250 kPa)

P/kPa U,/(m-s™") 0/ (mles™) £/ Hz Fuvs/Hz We, St p(x107%) OR
249.2 20. 47 1.08 3.34 1288.5 1121.5 2.45 1.058
252.2 20.22 1.54 4.00 1295.3 1103.7 2.97 1.076
252.1 20. 26 2.02 4.45 1313.1 1107.6 3.29 1. 089
249.9 20. 35 2.48 5.31 1322.2 1109.5 3.91 1. 092

Q,=12m’/h
251.3 20. 26 3.01 6.46 1319.3 1104.0 4.78 1. 096
250. 6 20.22 3.47 7.11 1323.3 1 096. 1 5.28 1.110
249. 4 19. 84 3.97 9.09 1304.8 1052.2 6. 87 1.114
249.1 20.03 4.50 10. 05 1319.9 1071.8 7.52 1.121
249.1 24. 64 1. 08 4.05 1547.9 1625.6 2. 46 1. 055
251.7 24.53 1.54 4.79 1 551.5 1621.8 2.93 1. 063
250.0 24. 44 2.02 4.84 1 562.6 1601.6 2.97 1.074
250.0 24.31 2.48 5.94 1564.3 1581.8 3.67 1. 081

Q,=15m’/h
249.6 24.53 3.01 6.93 1578.4 1 609. 6 4.24 1. 081
250. 8 24.28 3.47 8. 15 1 567.0 1581.5 5.03 1. 084
252.1 24.62 3.97 10. 36 1602. 1 1631.3 6.31 1. 093
251.7 24.62 4.50 11. 66 1 605.2 1627.3 7.1 1. 095
250. 4 34.82 0.55 4.92 2104.0 3275.6 1.71 1. 015
250.0 34.49 1. 08 5.93 2116.9 3209.8 2.58 1.031
250.0 34.22 1.54 7.43 2 117.7 3157.6 3.26 1. 040
250.5 34.54 2.02 8.95 2 150.4 3217.1 3.89 1. 046

Q0,=21 m’/h 249.6 34.94 2.48 9.52 2178.7 3280.5 4.09 1. 047
251.0 34.45 3.01 10. 53 2 151.4 3198.8 4.58 1. 049
249.2 34.43 3.47 11. 14 2 163.1 3175.6 4.86 1. 056
249. 1 34.13 3.97 12. 89 2 151.4 3117.6 5.67 1. 059
250. 4 34.17 4.50 14. 04 2 158.0 3136.7 6.16 1. 061
252.5 40. 55 0.55 5.62 2 460. 5 4 468.9 1.82 1.011
249.5 40.29 1.08 6.28 2 468.2 4371.5 2.34 1.021
251.6 39.03 1.54 7.26 2394.0 4123.2 2.79 1.022
251.8 39.78 2.02 9.56 2445.8 4280.9 3.61 1.024

P = 250 kPa

0,24 Tk 249.7 39. 88 2.48 10. 02 2455.5 4274.1 3.77 1. 026
251.8 39.96 3.01 11. 25 2463. 1 4311.8 4.22 1.027
249.9 40. 23 3.47 13.07 2485.0 4343. 4 4.87 1.029
252.0 40. 15 3.97 14.97 2 487.7 4 350.4 5.59 1.032
252.5 39.57 4.50 16. 70 2 453.6 4229.3 6.33 1.033
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