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A Correction Model of Centrifugal Compressor Scale Effects
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Abstract; In order to solve the problem that it is difficult to quantitatively predict the
performance deviation of the product stage relative to the base stage due to the scale effects in the
scaling design of the centrifugal compressor, a modified model for scale effects of centrifugal
compressor that can quantitatively predict the deviation of the efficiency and flow coefficient in the
scaling design is proposed. The model includes two parts: an efficiency correction model and a
flow coefficient correction model. Firstly, based on the boundary layer theory, the viscosity loss
of the centrifugal stage is analyzed, and the concept of the base stage viscosity-loss ratio function
is proposed, then the basic form of the efficiency correction equation is derived. After that, the

efficiency correction equation is improved by obtaining the specific expression of the base stage
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viscosity-loss ratio function through numerical simulation in order to predict the deviation of the
efficiency of the product stage relative to the base stage in the scaling design. Next, by
introducing the influence of the boundary layer, the model of flow path shrinkage effect is
improved, and the flow coefficient correction equation is theoretically derived to predict the
deviation of the flow coefficient of the product stage from the base stage in the scaling design.
The scale effects correction model can not only accurately predict the performance deviation of the
centrifugal compressor in the scaling design, but also has a stronger theoretical basis than the
existing correction models. The correction equation has a distinct physical intuition and greatly
reduces dependence on empirical factors. The efficiency correction model is used to predict the
scaling experiments of two ternary centrifugal stages with flow coefficients of 0. 068 and 0. 15.
The results show that the relative deviation between the predicted value and the measured value
of the product stage efficiency offset from the base stage is less than 9%, and the relative
deviation between the predicted value and the measured value of the product stage efficiency is
less than 0.2%. The flow coefficient correction model is used to predict the scaling numerical
simulation of two ternary centrifugal stages with flow coefficients of 0.065 and 0.085. The

results show that the relative deviations between the predicted values to the product stage high-

efficiency point flow coefficient and the numerically calculated values are within 1%.

Keywords: centrifugal compressor; scaling design; scale effects; efficiency; flow coefficient
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