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Calculation of airfoil anti-icing/deicing characteristics based on

water film flow and coupled heat transfer

XIN Miao, ZHONG Guo, CAO Yihua

(School of Aeronautic Science and-Engineering,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract; Numerical simulation methods for airfoil anti-icing/deicing system based on
water film flow and coupled heat transfer model were established to solve the coupled mass
and heat transfer phenomena among air/water film/ice layer/airfoil on the airfoil surface in
the aircraft anti-icing/deicing process. The numerical computation methods for runback flow
water, ice-accretion on the airfoil surface as well as inner temperature distribution under the
effect of the thermal load of anti-icing/deicing system were established based on the Myers
water film flow model. For the heat transfer process in the airfoil and ice layer, the enthalpy
theory and the finite’'volume method were used to establish the numerical simulation method
of heat transfer in the complex multilayer structure. For the phase change process in the ice
layer, the phase change correction method based on enthalpy theory was proposed to consid-
er the effect of phase change latent heat on temperature change. Finally, coupled calculation
of the airfoil anti-icing/deicing process was realized. The results showed that through the
coupled calculation of the water film flow and airfoil/ice layer heat transfer model with com-

bination of the heat transfer boundary conditions at different interfaces and the enthalpy theory

1 75 B H9 : 2020-06-26
BELWH e s 580 /2 A1 % M4 (RAL20180401)
BB B 1 (1993 —) LA B8 H 233 123 5B K 124 05T

SIAAES 0 Bl ] SRR T oK S 3 S AR A% R i IR/ Bk vk LT A 3 244 . 2021, 36 (4) - 783-794. XIN Miao,

ZHONG Guo, CAO Yihua. Calculation of airfoil anti-icing/deicing characteristics based on water film flow and coupled

heat transfer[]J]. Journal of Aerospace Power,2021,36(4):783-794.



784 o= 9 o R

% 36 &

considering the latent heat effect of phase change, the temperature distribution can be accu-

rately computed in the airfoil/ice layer, meanwhile the effective prediction and analysis of the

flow and ice accretion characteristics of the runback water during the airfoil anti-icing/deicing

process can be realized.

Key words: electro-thermal anti-icing/deicing; water film flow; coupled heat transfer;

phase change correction; finite volume method
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Fig. 1 Schematic diagram of water film flow and

ice accretion on the airfoil surface
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in the water film
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Table 3 Experimental conditions
_/5 ﬂﬁiﬁi’%)%
4 EL 1 dIEN
3 MR %
A Zﬁfﬁﬂitg‘ﬂ W /K 266.5
X‘AEEE 0=
1 RERS AR L2 2L/ (m/s) 44.7
‘ WA/ 0
WA KE &/ (g/m*) 0.78
¢ o KA FT A2 20
B 5 B H G M R R W R B /K 264. 2

Schematic diagram of airfoil electro-thermal structure
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PR 1 PR,
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Fig. 5

Table 1 Material properties of each layer in
the airfoil structure

= JRRE/ P/ W R ERA/

mm (W/(m-+K)) (kg/m*) (J/(kg-+K))
1 3.429 0.121 648. 75 1130. 22
2 0. 889 0. 294 1794. 07 1569. 75
3 0. 279 0. 256 1383.99 1255.88
4 0.013 41.018 8906.26 385112
5 0.203 16. 3 8025. 25 502. 32

FAL PR A KRB 19,05 mm, il #A A
B~E 4354 25. Amm i #i v FLG Zp50 K 38..1
mm, [T TR A A H G A X 3 i
Zein) FARA LY 476 mm, £ MR B AL E ISk 2

IR
S AR 3 R
2 mMPRELE
Table 2 Positions of heating pads
s/c
m# s
Ze ZEgill]

G —0.102 —0.061
E —0.061 —0.033
C —0.033 —0. 005
A —0. 005 0.016
B 0.016 0.043
D 0.043 0.071
F 0.071 0.113

H T BRI e T Y A A 46 R PR e
S0 3 R P T2 52 B 5 I EE S T T W R T
i o X TR ARZ S A RS AR R AR [
G 2 AR S e B A A S 6 ) ] R T
Je 25 I BT Dy K AR I Ak 4 TR

R4 BMMEEHR
Table 4 Control law of each heating pad

IFAYS P/ (kW /m?) TR /s
A 7.75

B~C 15.5 100~110

D~G 12.4 110~120
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Fig. 6 Comparison of water droplet collection
coefficient on the airfoil surface between

calculation and NASA ANTICE results
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Fig. 7 Comparison of surface heat transfer coefficient
among calculation, experiment

and LEWICE results
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Fig. 8 ~Comparison of the temperature response of
different heating pads at the lower interface
among calculation. experiment and

FENSAP-ICE results
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