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Abstract ; In order to determine an appropriate value of gas-phase diameter to guarantee the simulation
accuracy of gas—liquid flow inside multiphase pumps, from Weber number, which is a vital dimension-
less value for bubble size, the relationship between gas-phase diameter and rotation speed, flow rate,
gas volume fraction was established based on critical Weber number, and a theoretical prediction model
for gas-phase diameter in multiphase pumps was proposed. The theoretical prediction model was applied
in a three-stage rotodynamic multiphase pump. Under a total of 20 operating conditions of various flow
rates and inlet gas volume fraction, the values of gas-phase diameter for numerical simulation were cali-

brated according to experimental results, and the empirical factors in the theoretical prediction model
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were fitted. Finally, the average deviation between prediction and calibration values of gas-phase dia-

meter was 7.28%. According to the analysis of the distribution of gas-phase diameter and Weber num-

ber on the meridional passages inside the multiphase pump, the regions with high values of gas-phase

diameter and Weber number are specified. It is also found that the gas phase of high volume fraction in

the impeller passage will flow and develop along with the mainstream, but will gather to form a low-ve-

locity pocket and block the passage of diffuser. The research results are helpful to improve the accuracy

of two-phase numerical simulation of multiphase pump.
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Fig.1 Three-stage rotodynamic multiphase pump
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Tab.1 Independence test of mesh elements
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N, 1437 920 1760 896 1953 152 2 083 152
N3 620 466 1042173 1581 217 2118 710
Ny 389 685 389 685 389 685 389 685
N, 6 534 787 8 347 129 10 001 985 11 466 971

H/H,y 1.134 1.136 1.135 1.135
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Fig.2 Mesh distribution of impeller and diffuser
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Fig.3 Diagram of the experimental system
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Fig.4 Comparison between numerical and experimen-
tal results
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Tab.2 Calibration values of gas-phase diameter

28 A % @ d/mm
0.64 0.025
0.71 0.050
0.79 0.065
5%
0.86 0.075
0.93 0.100
1.00 0.110
0.64 0.045
0.71 0.065
0.79 0.090
10%
0.86 0.115
Bl 0.93 0.130
1.00 0.145
0.64 0.055
0.71 0.080
15%
0.79 0.110
0.86 0.145
0.64 0.070
0.71 0.080
20%
0.79 0.120
0.86 0.155
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values of gas-phase diameter
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