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Numerical and experimental investigation on influence of static mixer on water
cut measurement in oil-water two—phase flow
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Abstract: Accurate measurement of water cut in oil-water two—phase flow is crucial for petroleum exploration and
development. However, pronounced phase inhomogeneity induces fluctuations in the measured medium’s
equivalent dielectric properties, compromising the stability and accuracy of conventional methods. To address this
issue, the Perforated SK Static Mixer (P-SK) was designed, and a combined measurement method using P-SK and a
Microwave Resonant Cavity Sensor (MRCS) was proposed to enhance measurement precision by upstream flow
regulation. Four mixer configurations were evaluated by Computational Fluid Dynamics (CFD). Based on cross—
sectional phase distribution and the coefficient of variation (COV), the six—unit P-SK-6 was selected as the optimal
device for experiments. Results show that P-SK-6, featuring dual symmetric perforations and rotational

perturbation, mitigates phase stratification and local agglomeration, improving flow uniformity in the measurement
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section. Consequently, the transmission coefficient (S,,) magnitude spectra exhibit a smoother dependence on water

cut. Compared with the case without P=-SK-6, the average number of monotonic frequency points increases by ~3.8

times and the maximum local resolution improves by ~2.6 times, substantially enlarging the reliable frequency

bands for calibration and modeling. Based on Gaussian Process Regression (GPR), a dual-frequency—point

prediction model was established. Under water—cut conditions of 10% to 30%, the absolute and relative error ranges
after installing P=-SK-6 were reduced to —0.08% to 0.06% and —0.39% to 0.27% (P=95%), respectively, which are
significantly better than those without the mixer (=3.83% to 3.86% and —15.21% to 25.18%).

Keywords: oil-water two—phase flow; static mixer; numerical simulation; microwave resonant cavity sensor; water

cul; gaussian process regression
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Table 1 Structural parameters of four static mixer types

SK-6 P-SK-6 SK-4 P-SK-4
FEHEAED (mm) 50 50 50 50
IRAICK AR L/D 1.5 15 1.5 1.5
A0 (%) 180 180 180 180
FFFL EHAE d(mm) - 10 - 10
JEEE C (mm) 5 5 5 5
TRARITAN 6 6 4 4
SR L (mm) 450 450 300 300
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Table 2 Operating conditions for numerical simulation (0.1 MPa, 25°C)

B BAWE TN AR
3 WRREKEB, (%)
Q(m’/d) U(m/s) U, (m/s) U, (m/s)
10 0.059 0.009/0.012/0.015/0.018 0.050/0.047/0.044/0.041 15/20/25/30
15 0.088 0.013/0.018/0.022/0.027 0.075/0.071/0.066/0.062 15/20/25/30
20 0.118 0.012/0.018/0.024/0.029/0.035 0.106/0.100/0.094/0.088/0.083 10/15/20/25/30
25 0.147 0.015/0.022/0.029/0.037/0.044 0.133/0.125/0.118/0.111/0.103 10/15/20/25/30
30 0.177 0.018/0.027/0.035/0.044/0.053 0.159/0.150/0.141/0.133/0.124 10/15/20/25/30
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Fig.3 Water phase volume fraction contours of four static mixer configurations (Q=10 m*/d, 8,=15%)
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