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Intelligent Prediction Method for Flow Field and Static Force Coefficients of
Two-Dimensional Blunt Body Combined Sections under Steady Wind

LI Ke, WANG Lulu, CHEN Zengshun*, ZHAO Wenzhuo, QIN Yu, LI Shaopeng
(School of Civil Engineering, Chongqing University, Chongging 400045, China)

Abstract: In the design and optimization of structural cross-sections, the efficient and accurate evaluation of
aerodynamic performance is of significant importance. Traditional aerodynamic evaluation methods, such as
wind tunnel tests and computational fluid dynamics numerical simulations, are time-consuming and costly. This
is particularly evident when dealing with iterative computational tasks involving numerous design parameters and
uncertain optimization trajectories for structural cross-sections, as the inefficiency of traditional methods
becomes more pronounced. To address these challenges, this study proposes an intelligent prediction method
based on a deep learning surrogate model, focusing on the rapid and accurate prediction of flow fields around
two-dimensional combined bluff body cross-sections and static force coefficients under steady wind conditions.
Specifically, this method employs a unified image-like shape representation to characterize the aerodynamic
shapes of bluff body combined cross-sections, ensuring broad applicability without being limited by specific
cross-section configurations. By integrating convolutional attention mechanisms and residual modules to
construct the neural network architecture and using mean squared error to capture prediction errors, the method
achieves a highly nonlinear mapping from aerodynamic shapes to flow characteristics and static force
coefficients. The results demonstrate that, under steady wind, the prediction errors for the time-averaged flow
fields, surface pressure distributions, and static force coefficients of two-dimensional combined bluff body cross-
sections are all within 3.7%, 0.35%, and 6.25%, respectively, thereby satisfying the accuracy requirements.
Additionally, the computational efficiency is improved by four orders of magnitude compared to conventional
methods. Consequently, this method provides an efficient and practical solution for the rapid prediction of

aerodynamic performance for bluff body cross-sections under steady wind environments.
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Table 2 Main characteristic parameters of aerodynamic shapes

parameter Shapes Size Vertices Pixels/px
min 2 0.2 3 256
max 6 0.5 7 256

11:: F 1 Shapes# n 2 & Wil TP BAR KN4 Sizee s BR i B AN W I 5 K
JR5F, ms Vertices3zn 414 Wi BN ER I HL PixelsARER KAL) 43 7%
B8R (px), BEMEE mip, MIAAFREE-0.5-1/256+1/256i41-0.5-1/
256+1/25673K 15, Ferba, jHTEUE T8 FE48[0,256] -
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a=—(0.5—xmin)/2 (14)
b= (0.5 xmax)/2 (15)
¢ =—(0.5—ymin)/2 (16)
d = (0.5-ymax)/2 (17)
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Fig. 12 Data augmentation method
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Table 1 Grid independence study

Cells/10"'  Refinement level ~ Boundary layer /layers Cp CL Cn errorcp /% errorc /% errorcm /%
Alvarez A J* - — — 0.140 0234  0.267 — — —
Grid 1 45.8 4 0 0.140  -0.254  0.382 0 8.55 43.07
Grid 2 69.3 5 0 0.154  -0.246  0.360 10.00 5.13 34.83
Grid 3 126.9 6 0 0.154 —0.245 0.234 10.00 4.70 12.36
Grid 4 74.8 5 2 0.146 -0.237 0.290 4.29 1.28 8.61
Grid 5 7.8 5 3 0.145 -0.236  0.264 3.57 0.85 1.12
Grid 6 85.2 5 4 0.144 —0.236 0.265 2.86 0.85 0.75
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Table 3 Hyperparameter optimization space

Parameters Range Setting
Filter [8,16,32,64] 32
Kernel [3x3, 7x7] <7

Lr [1x10 2, 1x10 % 5x10 7 1x102
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