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Simulation of Airfoil Electro-Thermal Anti-Ice/De-Ice System
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[ABSTRACT] Aircraft can experience icing when
encountering a cloud that contains supercooled water
droplets. Ice accretion is a common phenomenon in flight.
Investigation on icing mechanism and effects is the basis
of anti-ice/de-ice equipment design. In order to under-
stand ice accretion deeply, the ice accretion and anti-ice/
de-ice process of two-dimensional airfoil are investigated
systematically by numerical simulation methods. The
ice accretion process of airfoil is simulated according to
messinger model, and the thermal power required by the
anti-ice system is calculated on the basis of this model. At
the same time, a simulation of melting process on airfoil is
presented respectively.
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Fig.1 Diagram of heating element of internal wing
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Fig.2 Mass balance on ice surface
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Fig.3 Energy balance on ice surface
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Fig.4 Infinitesimal structure of electro-thermal de-ice system

22 HEFHEBMAETE
AN SRS T 1) Y P 5, RS RGERY RE T
W] Fom i NI
OH; 9,91\ 4 (,97T;
W—Ex(/’ja)ﬁ'a—y(ﬂja—y)‘f‘qj R (3)
Hrr, H iz A TRUSKSAE s T s hA TR
A RIZFERR ) IR AL
WK 5 s AR R R AR A — AR /NI
FEL P 5 e B A L 9 T ) e R P DG 2R 114, AR T 2
MR, BT RR(4) AT DA T A RS B (1 (4

BMIX:H=p C, T, T<T, ¢
WitHIX . H,=H,, + (T-T, ) (H,~-H, ) (2¢),
T.—e<T=<T,e
(M, Ho=p.» C+ T, Hy=py (C T,4L)) ,(4)
WAHIX . Hi=p» C, (T-T, )+p,> (C,.» T,+L),
>T, +e
RYA&E H=p- C- T
Hob, p R, CONERLLIA, L ONvKIRAZ A, T,
K EIAHAEIREE , ¢ AR EZ IXTEI I —F . FAR s m.
LA 2R VK IOKIR &1 IR RTRIETE I R L5 )2

3
= WAHIX
&
AR IX.
P X .
: P2
-~
0 T
E5 #MEHAEXTEE
Fig.5 Diagram of phase transition zone
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Fig.6 Comparison between simulated ice shape and experimental
data under different temperatures
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Fig.7 Thermal power for anti-ice under different temperatures

78 WiAEBIEEA - 2011 45 4 19]

I /W

MFE AT DL Y, S K T B A AR T 5 1 AT SR A
K, I 22 SR U B35 v o BT i B2 A IR 38/ . BT K
IR R AR W G R E , Pras IR R AR
T SRR /IS 1] AN 36 284, S 0 i 5 A6 o DU) P
/o BRI, AT DARRE AT SRR VK R SR DI 2534
3.2 BRIKREGHITEER

K TR I H PR A A A T B AL, P R vk &R
SNSHEEBENER 1 PR,

®1 BERARIKEENSHIEE
I N A A S

BR

I AN I W s T
NSER 2800 963 115 0.002210
N2 1760 963 0.38 0.001270
IR 8250 448 132 0.000102
AR 1760 964 0.38 0.000254
A= 7930 494 15.1 0.000305
7K 999.6 4174 0.554

7K 919.5 2102 245

ST RO ER P, B g T SOk (1] AR
TR, AT A R B 00, OF 5 Z AT T
LA, I 8 Bz AT AR AR SO RS SOk Y
HREREAY G .

300
290

280

R /K

270

260

250 1 1 1 1 1
0 5 10 15 20 25

A ] /s
E8 FrikRERERER EAEZL L

Fig.8 Change curve of de-ice surface temperature with time
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Fig.9 Influence of phase transition on de-ice properties
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Fig.10 Comparison of surface temperature under different
heat flux density in the first 6s
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Fig.11 Change of liquid volume fraction on de-ice
surface in the first 6s
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