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Simulation of Electrothermal Anti-icing/Deicing Process Including Runback
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Abstract: The electrothermal anti-icing and deicing system is often used to ensure flight safety and aerody-
namic performance when aircraft encounters icing conditions. This paper establishes a coupled calculation
model of multi-layer heat conduction and water film flow by using the conjugate coupling method, and devel-
ops a series of numerical simulation calculations for the electrothermal anti-icing and deicing process. Myers
water film model is able to stimulate non-stationary calculations, while the internal thermal conductivity mod-
el of the electrothermal component is implicitly discretized by using the finite volume method. The water film
model and thermal conductivity model are loosely coupled through the conjugate heat transfer method by ex-
changing boundary values. Research has found that during the process of electrothermal anti-icing, the phe-
nomenon of runback water refreezing occurs due to the melting of ice accumulation and the flow of water film.
A flow field calculation and aerodynamic analysis are conducted on the icing shape of the electrothermal sys-
tem in the later stage. It shows that the frozen overflow water on the upper and lower wing surfaces of the
wing will cause disturbance to the flow field. The Q-criterion is used to determine the vortex structure behind

the icing. Compared with clean airfoils without icing, the freezing of runback water at the leading edge of the
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wing causes significant oscillations in the pressure coefficient curve. Therefore, the problem of refreezing run-

back water affects the aerodynamic performance of the wing, which leads to the undesired protective effect of

the electrothermal system.

Key words: aircraft anti-icing/deicing; electrothermal anti-icing/deicing; coupled heat transfer; unsteady

heat conduction
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Table 1 Material property parameters of each layer of

composite skin

e, EPOR/ i R s/
s P e L e
K) ™) & K) ™)
Mt EERZE 0.203 16.3 80 225.25 502.32
kA 0.013 41.018  8906.26 385.112
FE AR
i 2 0.279  0.256 1 383.99 1255.88
Bl R 2T Y/
HEMNE  0.889  0.294 1794.07 1569.75
2 H
RER A .
Yo 2 3.429  0.121 648.75 1130.22
xR2 LHEH
Table 2 Experimental condition
S5 BE
W B /K 266.5
K/ (mes 1) 44.7
A/ 0
WA/ (gem °) 0.78
EURE SR ER AT 20
HILFL 3% 18 97 45 R /K 264.2

®3 mMHBRME
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Fig.9 Comparison of ice growth rates between FENSAP
and this paper
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(c) Enlarged image of ice shape changes on the lower
wing surface(120—160 s)
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Fig.12 Mach number cloud map of flow field before and

after icing
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(a) Before freezing

(b) Freezing for 160 s

(d) Partial enlarged view of lower wing surface
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Fig.13 Q-criterion cloud map and local enlarged view of

vortex structure before and after icing
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Fig.14 Comparison of aerodynamic characteristics before

and after re-freezing of overflow water
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