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Fig. 1 The axial structure profile of electromagnetic

holographic measurement array sensor
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Fig. 2 The structure design of electrodes in electromagnetic

holographic measurement array sensor
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Fig.3 Classical amplitude spatial distribution of gas-water stratified flow of 50% water holdup
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Fig. 10 Tomography results of amplitude/phase holographic method (left) and dual-mode mixed holographic method (right)
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Fig. 11 Amplitude measurement data and imaging display of gas-water stratified flow of 50% water holdup
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Fig. 12 Phase measurement data and imaging display of gas-water stratified flow of 50% water holdup
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Table 3 Imaging absolute deviation and time of tomography algorithms

k% % _ EJ‘c%éﬁXﬂ‘ﬁ'éﬁ /ISR I [f)
i 2 AL £

30 -2.78% / 0.056 s -0.25%/ 0.048 s 0.20%/0.073 s

50 -2.22%/0.054 s -0.95%/0.041 s -0.32%/0.061 s

80 -0.25% /0.053 s 0.38%/0.040 s 0.38%/0.067 s
x4 RENEHETHEEMNRETEHE
Table 4 Relative deviation of amplitude measurement data average

FKE % WETHIN DATHEN HEE.  FkES  WETHEN WA TN 5% %
5 8.016 3 8.0450 -0.3579 55 8.358 8 8.3578 0.0113
10 8.093 2 8.102 0 -0.109 1 60 8.361 6 8.369 6 -0.096 2
15 8.159 4 8.1516 0.095 8 65 8.366 3 8.380 4 -0.168 5
20 8.205 1 8.194 4 0.1299 70 8.3937 8.3910 0.032 6
25 8.2059 82310 -0.306 4 75 8.4120 8.4019 0.119 8
30 8.2714 8.262 1 0.112'1 80 8.4183 8.413 8 0.052 8
35 8.304 6 8.288 4 0.1953 85 8.4175 8.427 4 -0.118 4
40 8.308 3 8.3104 -0.025 2 90 8.454 4 8.443 4 0.130 6
45 8.307 8 8.3289 -0.253 7 95 8.473 5 8.4623 0.1321
50 8.333 7 8.344 5 -0.129 8 100 8.476 5 8.484 9 -0.098 7
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Table S Relative deviation of phase measurement data average
Rk /% TREESFIME /N WA FHE/NV AXFR2E /% FKR % W BEFIE /Y AU AV FIXHRE /%
5 67.130 4 67.337 1 -0.308 0 55 65.8180 65.948 4 -0.198 1
10 67.035 4 67.1314 -0.143 2 60 65.826 4 65.8189 0.0113
15 66.908 0 66.951 1 -0.064 4 65 65.628 2 65.6754 -0.071 8
20 66.977 1 66.792 2 0.276 2 70 65.516 9 65.513 8 0.004 7
25 66.858 6 66.650 7 0.3109 75 65.200 3 653303 -0.199 3
30 66.456 7 66.522 8 -0.099 5 80 65.2182 65.120 8 0.149 3
35 66.384 0 66.404 5 -0.0310 85 65.094 2 64.8815 0.326 6
40 66.386 3 66.291 9 0.1422 90 64.606 5 64.608 5 -0.003 1
45 66.386 8 66.181 0 03100 95 64.116 7 64.297 6 -0.282 1
50 65.8775 66.067 8 -0.288 8 100 639122 63.945 1 -0.0515
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Study of electromagnetic holographic methods for multiphase flow in oil
wells

ZHANG Kuo, WU Xiling, YAN Jingfu, CAI Jiatie

State Key Laboratory of Petroleum Resource and Prospecting, China University of Petroleum, Beijing, 102249, China

Abstract In view of the complexity of fluid distribution and the randomness of flow changes in the production process of oil
wells, flow imaging measurement encounters serious challenges. In particular, key technologies such as the establishment of
sensitivity fields, the fusion of multi-mode data, and flow image reconstruction are all in need of breakthroughs. In this paper,
according to the characteristics of the physical detection field, based on the theory of imaging measurement, we focus on the
research into a new dual-mode sensitivity field, the fusion of real and imaginary parts of the measurement data from the array
sensor and the holographic tomography method with high efficiency and feasibility. Further, we investigate the feasibility and
accuracy of holographic tomography through simulated flow measurement experiments. The research results in this paper show
that holographic measurement data vary significantly, which highlights the differences in the conductivity and permittivity prop-
erties of various phases of fluid. The holographic measurement sensitivity field is more suitable for electromagnetic holographic
measurement of multiphase flow in oil wells than previous sensitivity fields and the dual-mode fusion-based holographic tomog-
raphy method is useful for improving the accuracy of holographic tomography. By carrying out a series of specific procedures
in simulated flow measurement experiments, we can finally obtain the typical flow patterns of clearer gas-water interfaces and
calculates flow parameter of considerable precision, which shows that the electromagnetic holographic method is feasible and has
good prospects for application.

Keywords multiphase flow in oil wells; holographic physical detection field; holographic measurement sensitivity field;
holographic tomography; simulated flow measurement experiment
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