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Prediction of Flow Fields in Centrifugal Pumps Based on the Proper
Orthogonal Decomposition-Long Short-Term Memory Network Model
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Abstract: Given the complexity of transient flow field prediction in fluid mechanics and the
limitations of the existing proper orthogonal decomposition-radial basis function (POD-RBF)
model in time-dependent predictions, a proper orthogonal decomposition-long short-term memory
network (POD-LSTM) model is introduced to enhance prediction accuracy and efficiency.
Computational Fluid Dynamics (CFD) is employed to analyze the flow around a two-dimensional
cylinder, comparing the performance of the POD-RBF and POD-LSTM models in predicting
transient flow fields. Furthermore, the POD-LSTM model is applied to the transient flow field
prediction of a centrifugal pump, with a detailed analysis of the prediction effects on the impeller,
volute, and sealing device. The computational results indicate that, compared to the POD-RBF
model, the POD-LSTM model performs better in predicting flow fields at times distant from the

training set, achieving higher prediction accuracy with an average relative error of only 0. 96% in
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the pressure field.

In comparison to traditional CFD methods, the POD-LSTM model

demonstrates an average relative error of 0. 06% in predicting the pressure field and 6. 07% in

predicting the y-direction velocity field of the centrifugal pump, with a computation time of only

0.01% of that of traditional CFD methods, thus significantly reducing computational costs. The

consistency between the prediction results of the POD-LSTM model and the CFD simulation

results validates its accuracy in predicting the flow field of centrifugal pumps. This research

presents a novel technical approach for developing digital twins in the field of fluid mechanics.

Keywords: proper orthogonal decomposition and long short-term memory network; centrifugal

pump; transient flow field prediction; digital twin
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