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Abstract: To address the issues of severe accumulation and gas—phase coalescence in the diffuser flow passages in
a gas — liquid multiphase pump when handling high-viscosity, multiphase mixtures—which can lead to flow channel
blockage and sudden pressure rise drop—this study draws on the accumulation location to apply a uniform
thickening to the diffuser vanes from the mid-span to the outlet section. Combined with multiphase flow numerical
simulation and the introduction of a population balance model, the multi-scale bubble dynamics are quantitatively
analyzed to reveal the influence of diffuser vane surface fouling on the gas phase distribution within the pump. The
results show that under the same operating conditions, vane surface fouling increases the pump pressure rise and
efficiency by 1.0 kPa and 3.1%, respectively, while the gas volume fraction in the diffuser is significantly reduced

by 10.46%. Multi-zonal evaluation indicates that the severe gas blockage in the low-velocity region near the diffuser
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hub is effectively alleviated; the gas phase transitions from "local high-concentration accumulation" to "multi-region

discrete distribution" in both axial and radial spaces, successfully eliminating high-concentration gas clusters and

improving radial gas phase distribution uniformity by nearly 20%. In addition, turbulent entropy production and

interfacial entropy production are reduced by 20% and 6%, respectively, and the total entropy production at the

diffuser is decreased by about 30% compared with the original model. This study confirms the feasibility of the

diffuser vane fouling design and provides an effective approach for the optimized design of diffuser vanes in

multiphase pumps under high gas volume fraction conditions.

Keywords: multiphase pump; diffuser vane fouling; population balance model; gas phase distribution; numerical

simulation
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Fig.1 Fouling on the filter tube in Fischer—Tropsch reactor"
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Table 1 Main parameters of mixed—flow gas—liquid
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Fig.3 Grid independence verification
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Fig.6  Schematic of fouling on the diffuser vane surface
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Fig.14 Average bubble size distribution for each model
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