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An improved numerical simulation methodfor airfoil ice accretion

CHEN Ke, CAO Yichua;, PAN Xing

(School of Aeronautic $cience-and Engineering,
Beijing Universty of Aeronautics and A stronautics,-Beijing 100083, China)

Abstract : An improved numerical~method of-smulating ice“accretion on airfoil was de-
veloped based-on'parcel concept following the fundamental-assumption of droplet movement.
This method has overcome the shortages of traditional L agrangian method ,such as:low com-
putation efficiency ,ice shape dependence on droplet partition dendty and grid condstency.
But ,it has al s\ maintained the robustness of original method ,without the issue of conver-
gence in Euler method. NACAO0012 rime ice accretion ,local droplet collection and local im-
pingement efficiency’at 0° and 4° AOA (angle of attack) are smulated with this method in
order to verify-its correctness. The calculated results show that ,this improved method con
tributes to reduce the calculation efforts. The predicted ice shape was consi stent with the ex-
perimental result ,while the effect on aerodynamics of airfoil was al so analyzed.

Key words: aerogpace propulson system; icing smulation; impingement property;
air performance; computation fluid dynamics (CFD)
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Fig.1 Match problem between droplets distribution
and grid points distribution
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Fig.2 Stream tube correspending to a segment
of arfoil

m=| Ya - Ya|: Ve - LWC (1)

B =] (Yau - Ysa)/ (Yau - Ya) | (2)

m )
Vo

,LWC v Ysu  Yw
Y y Yau Yad

Vice
Vie = rn/pioe (3)
m Pice



1816 22
) I - 120 ,
L P: P,
4
E2
Ma 2 = P4 - Pa)Vag +
dt
‘Jz‘paAdCd| Va- Va| (Wa- w) (4)
s My , Id ,pa ,
Pa ,Va , g
, Ad , G ,
, Va ,
(8] N-S
At = min(L)i/ max(V)i
—Q%% =10+0 197R*® +
2 6 x 10" Re* *® (5) A ti= min(k)i/ Vg
Re:pal Va - le Deq/”a A t ! !
Ha  Deq min(L) i ,max
(V)i i WV
2
Q14 _Pd-Pa CiRe 1814 ,
= + \VAY, 6
dtZ pd g 24 Dch)d( a d) ( )
1 4 1
- y 1 4
0.04
3 L
0.02} o ll
F ,/', '9’{9}?}?
/ -
L ’
) 3 A LB
= 000 D i K
- Al it L2811
\
- \. ~~
N\ ~.
oo Bl | e
3 L N
Fig.3 Relationship of droplet trgectory and i | 1 |
-0.04 P R B | I R B
segment of airfoil -0.02 0.00 0.02 0.04 0.06 0.08
X/c
L
AX+By+C=0,P P> 4
At Fig.4 Droplet trgectory calculation result using
I = Axa + By, + C - two time steps
l2 = AXx2 + By2 + C



11 : 1817

0.7

S 0.6

: : 0.5¢ /ﬁ\'
; 2 04t \.
2 03]
' E 0.2}
’ 0.1F
0.0 : : : : e

’ 2003 -0.02 -001 000 001 002 003

JrtidE L R B

100°( 1pm) loge s/c
(sx10°) , S ) (a) Jy B o R AL
Jameson ol N-S 70
, SA = 60 /‘
[10] ; \
. §50F \
NACA 0012 : ® 40|
v & Iy \
IE
, B 20+ \
K3 L
’ b 10 \
] ’ () o N " . & |\_|
0° , Ve = ~0:03~ -0.02 /-0.01 0000 0.01 002 0.03
B - 3 s/C
129. 0 m/ s, p» =101 300 Pa,LWC=0. 5¢g/m’, (b) TR it
MVD =20M m, 120 s.
5 (0 o
Fig.6 Loca impingement efficiency and liquid droplet
6( S X collection at 0° AOA
1 L) ) (f
004p ”
 AXER ad
' ' Gar e
, T e
2 000 | —
bt
0 f NIzsl
_0'04 : L 1 ' .‘“.m\-.. J
-002 000 0.02 0.04 006
Xx/c
5 0O

7 0
Fg.7 Smulated iced airfoil of 0° AOA

Fg.5 Droplet trgectory at 0° AOA

7 O ,

[11] , , 9 4
& , Vo =67.5ms,

P» =101 300 Pa,LWC=10 g m’,MVD =20

um, 360 s. 10 4

8 % , [12]



1818 22

10
B 8 4T MW %S 3Bk
Fig. 8 Droplet trajectory at 4° AOA
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