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Predicting method of film cooling effectiveness distribution based on
constrained neural network

ZHU lJiangin, LI Dike, TAO Zhi, QIU Lu, CHENG Zeyuan
(School of Energy and Power Engineering, Beihang University, Beijing 100191, China)

Abstract: To improve the design efficiency of film cooling in turbine vane, a neural network
constrained by Gaussian function was proposed to predict the cooling effectiveness distribution of single
film row, and the distribution of multi film rows was predicted by combining the modified superposition
principle. For a single film row on the flat-plate, three coefficients of the Gaussian function were predicted
with the main flow turbulence degree, density ratio, blowing ratio, film inclined angle, length-width ratio
and dimensionless flow direction distance taken as inputs, and then the dimensionless lateral distance was
substituted into the predicted Gaussian function to calculate the cooling effectiveness. The prediction error
of the Gauss function constrained neural network for the average cooling effectiveness of the test samples
was only 5.70%, which was 67% lower than that of network without constraints. Based on the model of
single film row and the correction coefficient of multi film rows superposition principle predicted
according to the blowing ratio and dimensionless coordinates, the cooling effectiveness distribution of
multi film rows was calculated. The prediction errors of the average cooling effectiveness were only 6.19%
and 12.19% with the blowing ratio at 0.5 and 1, respectively. According to the results, the proposed

method can predict the film cooling effectiveness distribution accurately.
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effectiveness prediction of a single film row
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Fig.2 Geometric models of a single film row and two film rows
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calculated by different turbulence models
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Fig. 4 Variation of centerline cooling effectiveness with

respect to mesh size
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Comparison of absolute error contour of cooling effectiveness predicted by two ANNs at blowing ratio of 0.25 and 1 respectively
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with and without correction to numerical results when two film

rows are staggered at blowing ratio of 1
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Fig. 10 Contours of cooling effectiveness of multi film rows with and without correction at blowing ratio of 0.5 and 1 respectively
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