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Graphical prediction method of airfoil ice shape based on
transposed convolution neural networks
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Abstract; Ice accretion affects flight safety severely. Intelligent ice accretion prediction is an important basis and support for the intelligent

anti-icing and de-icing system design and safety design of aircraft. To solve the problem that there are multiple values of ice thickness in the normal

direction of the same position of the airfoil surface with complex ice shape, a graphical ice accretion prediction method based on the transposed

convolution neural network was proposed. The corresponding neural network structure, loss function and data specification of the prediction model

were designed. The input of the prediction model was the data from flight and atmospheric conditions which directly affect ice accretion. The output

of the prediction model is gray-scale image of ice shape. Ice shape data set was generated through numerical simulation method based on NACA0012

airfoil. To ensure the credibility of the generated data, wind tunnel test data was used to verify the numerical simulation method. Prediction model was

established with five input parameters;liquid water content, median volumetric diameter, freezing time, temperature and flight speed, and was then

trained and validated in simulation. The simulation results show that the proposed method can predict the ice shape quickly, and the main features of

the predicted ice shape such as outline, upper and lower limits, position of ice horn and thickness fit well with the results of numerical simulation.
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Fig.1 Problem of airfoil ice accretion prediction
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Fig.3 Framework of modeling and prediction
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Fig.4 Fixed the coordinate range of iced airfoil image
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Fig.5 Network structure of airfoil ice shape prediction model
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Tab.1 Value range of ice accretion parameters
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Tab.2 Calculation conditions of verification example

240 A 24 WG 24 FI 1 FI 2
AT 2° WAKETE 02~0.8g/m ATHUA/ () 6.2 6.2
RATHE 70 ~150 m/s i 20 ~60 pm TR () -0 -0

HiE PR B/ °C -10.0 -10.0

HIEIRE -2~ -20 C|| 4ikifK  6~22.5 min WA KER/ (g/m’) 0.60 0.60
K E AR/ 15.0 15.0
3.2 HEEPFERIE ZKifK/min 2.0 6.0

AR XF Y 3R 48 DG AT BB BT, R
DT 45 3R 55 KGR 3 36 25 R A7 0 b, DLBG:
TR ME Ay B i T S e . XU B 25 0 B B
K NASA REARGE VKIS oA FAA B3R - J.
PRI AR OIS R 1 BEAR B AL 3T H ) 3 A
ZEVKVERS R S T 3 R LR LI A
TEZ R A5 VKA 19 VKR A0 3l R XU 3 35
B .

3.2.1 HAAHH

SRR AIRS ARG vk FFE Oy BB 2L H
HE SR R P K AL (business jet) B0
g 6 fizs iz AL Z AR L MBS A

2R 2 L, A VKR S BATR WS K
B KA EAR BRSSO AT
JE AT o 2 SRR A VRS BRI R 2
ez, 53 006 745 KGRk A 45 oKk 58 XU At
B run213” Fl“ run214” 10 gk vkt K OR
[F)oh, Hofth 254 —2

03r

02

—0.1r

—o02f

_ I T RTINS SNETI R
0.3 0 0.2 0.4 0.6 0.8 1.0
x

6 i e LI
Fig.6  Airfoil of business jet

AL PROBUEH SR P = B e S
S SR AT R T E R AT ire2d, EE AL
ViTRZ788 R U R ST ¥=) ha AR F S M L7 TP
TEHH 4 ABRENS 2 Wl 7 BoR R A C
A%, 72 R AL T B 2 A BUA

1.0

0.5

—0.5

K7 250K R (a=6.2°)
Fig.7 Computational grid of ice accretion(a =6.2°)

3.2.2 #REIE

2 3 2 WU A5 1 K JLART 5 i 2 UM,
P 83 e i 1 2 2H S0 (R TS5 7O XU X
BB X AR Bl o X T UK S 3, W3 20 52 56 1Y)
BB R 5 R 36 25 R B A — B, vk A &
JE A BB BAT  H A T oA LR S ALY T 25
UK EASBRANT AR BR AL B T3 45 R A g 46 ST
FORE A 22 5%, PRAH S P ot EARBRFE S, R
AEIRA /DN s S50 1 AYBE RS VKR BE A L, Se
2 BYBE KA VKR E A 22 5 BVATI AR UK
FEFNRE VAL VKA S B | vKOE A AR 3 4R AE
T3 AT 5 BT, AW I 2R P A4 32 U 45 kB S AU
yheS LIETA R



553 3 fif i , A BE T I A B 2 I 2% F SRR 45 DK IR G AR T80 O 1% - 103 -
R3 KEILAEESHE
Tab.3  Geometry feature parameter values of ice shape
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