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Three-dimensional numerical simulation of rime’ice accretions
on an aircraft wing

ZHAN G Qiang, CAO Yi-hua, ZHON G'\Guo
(School of Aeronautic Science and Technology',
Beijing University of Aeronautics and A stronautics;-Beijing 100191 China)

Abstract : Based-on Eulerian two-phase flow-theory ,-the rime ice accretions on an air-
craft wing in-three-dimensonal application were-numerically s mulated. The governing equar
tionsfor droplets in three-dimensonal-application were established according to the droplet
pseudo-fluid model.\A set of numerical._ methods for solving the droplet governing equations
were proposed.\The local collection-€fficiency and i mpingement area on the wing were compu-
ted from the solution of the'three-dimensional droplet flowfield. A method of building three
dimensional ice accretion shape was proposed. The rime ice accretions on an ONERA M6
wing under _different angles of attack were predicted numerically and the effects of icing con-
ditions on the ice accretion were analyzed.

Key words: rimeice; supercooled droplet; wing; two-phase flows;
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Fig.4 Geometric sze of ONERA M6 wing
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Fig.5 Grid of ONERA M6 wing

1
Table 1 Computational conditionsfor three dimensional
rime ice prediction

Us/ (M/ 9) 80.0
P/ Pa 101300

Gul (gf m®) 0.5

Dmv/M M 20

T/s 300

3.3
6 7 ,0° )
; &,
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(a) FLAHHRIE] (b) FARTRI

6 O
Fig.6 Predicted result of the three-dimensonal rimeice at 0° angle of attack

(@) aﬂ*ﬁyﬂd{\ a))?nm g S
e
' W 4° angle of attack

0.7
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3.4.1 '
129.0m/s O &
3.4.2
) 2
1.0gm* O
r ,
2 129.0m/ s 3
Table 2 Computational conditions when u» =129.0nV s
3 1.09m
Table 3 Computational conditions when Gw=1.0g/ m®
p-/ Pa 101300
Gw/ (g/ m*) 0.5
Dmv/l M 20 Us/ (M/ 9) 80.0
T's 300 poo/ Pa 101300
8 0@ : T's 150
9 7
6 8 7 9 10 ©
, 80.0m/s 129.0m/ s 11 &
, o° & , 6 10 7 11
: : , 0.5/ m’ 1.0g/
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(a) BLAH LI (b) FARARI

8 O 129.0m/ s
Fig.8 Predicted result of the three-dimensional rimeice at 0° angle of attack when u~ =129.0m/ s

hree-dimens i e of attack when u» =129.0m/ s

(a) FAHHR I (b) FEAR LR

10 © 1.0g/ m®
Fig.10 Predicted result of the three-dimensional rimeice at 0° angle of attack when Gw =1.0g/ m®

(a) FLAHARIL (b) SELARARL %]
1 & 1.09/ m®
Fig.11 Predicted result of the three-dimensional rimeice at 4° angle of attack when Gw =1.0g/ m®
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