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An efficient deep learning prediction method for aerodynamic
performance based on the shape of the main beam

LI Shaopeng, LI Hai, LI Ke
(School of Civil Engineering, Chongqing University, Chongqing 400045, P. R. China)

Abstract: The aerodynamic shape of the bluff body section is very important to the aerodynamic performance.
However, it takes a lot of time to obtain the aerodynamic performance of the bluff body section using traditional
wind tunnel tests and CFD simulation calculations, which greatly affects the aerodynamic performance
evaluation efficiency of the bluff body section’s aerodynamic shape. This paper proposes to use the deep learning
technology of convolutional neural networks to realize the rapid prediction of aerodynamic performance. After
the deep learning model is trained, the shape information and the shape-related flow field information can be
input to output the drag coefficients under different geometric shapes, then the aerodynamic performance of the

bluff body section. However to find the best deep learning model, this paper optimizes the depth and width of
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the convolutional neural network structure through comprehensive judgment error and time performance. The

output resistance coefficient of the deep learning model is compared with the CFD calculation results. It is found

that the error meets the expected requirements, and the prediction time based on the deep learning network is an

order of magnitude improvement compared with the calculation time required by the traditional method. It can

be used as the bluff body section aerodynamic shape optimization in the future.

Keywords: bridge static wind force; bluff body section; aerodynamic performance; deep learning;

convolutional neural network
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Fig. 2 Schematic diagram of aerodynamic shape
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Fig. 3 Coordinate field of streamwise wind
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Table 1 List of pneumatic shape working conditions

R

AT AR

H
B
H

- &S

SR X=0MFEE R [0.1,0.2,0.3,0.4]

B 1 1 1 1
AR=B/H [0.5,0.56,0.625, 0.71,0.83,1,2,3,4,5,6,7,8,9, 10]
B 60 15 15 15

TE - AR o 16 1< 82 5 18 i) < B9 LA



126 + K5 3% L FHKOP E X

% 46 %

i 1 BOHE S B ) Z 8, R FH CED S B33
BB ERNIE DR . RSO KT
£ 4y 14 15B A 10B, B A AR 1 56 . R T B
A PR A A P, 15 3 AT X R, i SR
DI, DL AR 3 DA RS 8 78 W X A0 il A T2
X, S B A SF i Ak B e o R I S X B0 A
Sl e g A A3 2R AT DA% R 4

K Fluent #0345 76 16 % RANs 5278 | 5
R $F k- SST ALY | 75 3T BE T SR H £-o BLAL, 301 7
JZAMG A E B BT Y2 R ke B FE A-co 5L T I e
BERL )R — R A R BT I . A DR E N
BB RO R 7 T R R SR T R G
WAL A X AR R A ) B AR I Y I SR S A TR
iz 8. FEm R 5, BB | 38 o X AR 2 TR
F1 i AT A B A5 2 B T R

K 423 105 A [ IR e BR B 34 45 1 0F 47 b
P, A5 20 %R AR B B AR B BOEE . 28 BTk
o B B R BRI R (84, 3, 64, 64), % H B ok
O (21,3), P A5 2 Fy A R AR o 2 R R
RYYIN AR HE 5

4 REMEEITFNSMHL

TR B2 2 2] 50T (1 % 32 R B L 4 S ) ASE AR
Al , A5 TR IR il — AR R AR TR M R (E ) 2% R
JEE b AN 2 R A, R T R B R B AN R
SE I 2538 Ak A5 n) R, LGk 0 O Ak T R S BB
T ) 245 TR R O W 0, P R O R Hh BB R T B
F T R A I OO, AR TR B TR B B A AR
AN B PE AR T AN — o W F T . BT ik
TE Y Bl 22 N 2%, 33 de pe i A8 R R B 5 0
F B GE o A A SR BE O &R B T B 4 xR 2
MAE, WL (5) , 25 A B8 S 50w K/NGEA HIE -

1 w
MAEZZ;‘A—%‘ (5)

K, BT R B SAE 5y, B ) R B
4.1 ERBREMRMKL

5D G A L A AR I o AR AL 1 R 1 R
Wi B, RO, S e A A RS R R T, R
A TN 35 2 K /N FUBE A 2 8 ok UE AT AL . ¥
HR)Z WIL)ZE ReLU 2 = FHMIE—Z, HE LM
M2 W 25 U2 BN 6.5.4.3. 210 5 AR 2
CNIN AR AR Sfe 0 A T3] % B B 7R 1 1 i R FH 58 4
A T) A5 Ak R A A R S L AR S R
SEAMA 4550 LK 2.

i ¢ 2 ), B2 CNNZ S0y 34 n , MAE &4
/N B e /ANME L JE B R A B, CNN JZH0h 5

F2 HEEREMRERTLE
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Fig 6 Drag coefficient prediction results
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