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Development and verification of aerodynamic analysis method by machine learning
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Prediction of the aerodynamic forces acting on an object in the external flow is performed by a neural network. The

neural network is trained by NACA 4-digit wings, and verified by NACA 5-digit wings of which data are obtained by

the 2-dimensional incompressible inviscid flow simulation. Efficient learning has been achieved by object shape

representation using Fourier sine coefficients and reduction of the number of data sets by clustering. As a result,

aerodynamic analysis method for airfoils in 2-dimensional incompressible inviscid flow has been established.
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Table 1 Variables pattermns & total number of dataset.

Stage type a s Total(a X s)
Training NACA4digit | 40 | 5000 200000
Validation | NACASdigit | 40 | 891 35640
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Fig. 1 Architecture of the NN used.

2 DOWHIEEZFFD 4 BOSKES NN T, FEOWRITIATIET
201 Yot (A 1 Yot TR 200 ot : ZRERURBIRET D),
HIAEIE 1 kot GEMMEHE OO 1 kotndy), FiFEIET
AINGEAVEIL2 TE, 16 ot e Uiz, JEM LRI g D7
Linear C, ZAULIIME LeakyReLU®Z IV V=

728, Dropout <° Shortcut Connection 2= DREEIIEEAE, AH
TV DT I LTz

3. #R

3. 1. YMARRORBF XK DHBENEL
WMIAIAROREITEEZ L 2T, BREE T IS4 KD Table 2

R

Table 2 R? (coefficient of determination) for each object shape-

representation method.
Method R?
(al) Points at equal intervals 0.997
(a2) Concentrate points on high curvature area 0.996
(a3) Fourier sine coefficients 0.991
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Table 3 Training data reduction method and R?

Method R?
(b0) 200 x 103: All data 0.991
(bl1) 25 x 103: Angle A2° - A16° 0.993
(b2) 25 x 10% NACAZn + 1 - 16n + 1 0.992
(b3) 25 x 103: Clustering (k-means-++) 0.979
(b4) 25 X 103:NACA2n + 1 - 8749 + 2n 0.820
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Fig. 2 Input data distribution on 2D principal components plane.
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