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Surrogate model for deviation angle and total pressure loss prediction
of compressor based on machine learning methods

MA Bowen, WU Xiaoxiong, YU Yang
(School of Aeronautics, Chonggqing Jiaotong University, Chongqing 404100, China)

Abstract: In order to improve the prediction accuracy of compressor performance, a surrogate
model of deviation angle and total pressure loss based on machine learning methods was built. A two-stage
compressor was used as the research object, and the elementary cascade database was established using
experimental data of the flow field and the geometric parameters under multiple rotation speed conditions.
The sensitivity analysis method was used to screen out the input parameters that have the greatest impact
on the deviation angle and total pressure loss. Two machine learning algorithms, i.e.: Gaussian process
regression and artificial neural network, were used to establish the deviation angle and total pressure loss
model, and Bayesian optimization algorithm was introduced to search for the best hyperparameters of the
model. For the optimization iteration and generalization problems faced by artificial neural networks, the
Adam algorithm was introduced to adjust the model learning rate and modify the parameter gradient to
accelerate the convergence. At the same time, the regularization method was used to enhance the
generalization of the model. The cross validation scheme was used in model training process to reduce the
risk of overfitting, and the optimal surrogate models were integrated into the throughflow program. The
comparison of the calculation results showed, the total pressure ratio prediction error of the surrogate
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model on low speed conditions was significantly lower than that of the empirical model, among which the

artificial neural network modeling had the most significant improvement, and the prediction error was

reduced by 0.1 compared with the empirical model. Through comparison of surrogate models, the

surrogate model based on artificial neural network had higher prediction accuracy and stronger robustness

than the surrogate model based on Gaussian process.
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Fig. 15 Results of deviation angle and total pressure loss of surrogate model changes with attack angle
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