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Three-dimensional thermal stress prediction method in double-wall
structure using convolutional neural networks

HUANG Junjie, ZHU Jianqin, CHENG Zeyuan
(School of Energy and Power Engineering, Beihang University, Beijing 100191, China)

Abstract: To realize the prediction of 3D physical field, a method for rapid evaluation of 3D
thermal stress on the outer wall of double-wall cooling structure using convolutional neural network
(CNN) was presented. For the structural characteristics of the flat plate shape of the double-wall cooling
structure outer wall, the temperature field was sliced into multiple sections along the wall thickness
direction. The temperature was used as the basic element of the input tensor of the CNN, and the sections
at different thickness positions corresponded to channel dimensions of the input tensor. The 3D
temperature field was input into the CNN for output of the 3D von-Mises stress field under thermal load.
The average absolute error of the trained converged network on the testing set was 1.23 MPa, with an
average relative error of 15.10%, and the average absolute error for peak stresses was 16.10 MPa, with an
average relative error of 11.81%. Results showed that for the thermal stress prediction problem of double-
wall cooling structures, CNN can complete the temperature-to-stress mapping well. Exploring potential

mechanisms of the thermoelasticity problems by using deep learning methods is expected to be realized.
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Table 1 Range of variable parameters
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Table 2 Indexes results of the training set and testing set
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