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Analysis of the effect of ice ridges on the aerodynamic and control characteristics
of ruddered airfoils

YANG Jianzhong', ZENG Xiangtao?, XU Zhaoke', YANG Shibin'
(1. College of Safety Science and Engineering, CAUC, Tianjin 300300, China;
2. Shanghai Volant Aerotech Co., Lid., Shanghai 200240, China)

Abstract: The formation of ice ridges above the wing by icing of supercooled large droplet (SLD) can seriously affect the
aircraft flight safety. In order to investigate the effects of ice ridges on the aerodynamic and control characteristics
of ruddered airfoils, numerical simulations were carried out using computational fluid dynamics (CFD) for rud-
dered airfoils under different ice ridge heights. Simulation results show that ice ridges cause a reduction in the lift
coefficient, an increase in the drag coefficient and a significant reduction in the rudder control efficiency of the
airfoil; in this example, the airflow over the upper surface of the airfoil is completely separated at an ice ridge
height of k/c = 0.013 9 at angle of attack o = 4°, resulting in a rudder control efficiency loss of over 40% and a sig-
nificant degradation of the airfoil’s aerodynamic and control characteristics.

Key words: supercooled large droplet (SLD) icing; ice ridges; aerodynamic characteristics; rudder control efficiency

Vol.43 No.6
December 2025

TCHLTE 2B & A LV K I = 2 I KT A 6L
Tlf 428 2 A5 45 KA 00, AL i 2 0 KO 4 o 1) R IX
s, PR, LB AT 2R 25 VKA i . 1994 4F S8 JE AT
23N A —S ATR-72 FHLIE 8 ™ B 45 VKBRS, <5
PERE IR T %, mI 38 kAR 80 00 4 R, RALZEAE TS
TR F A FEHOM AR, RHLEE TR oK
?%(SLD,supercooled large droplet)?ﬁ‘ﬂk%ﬁ LK AR
KF 50 pm, B H T FAR 25 HFF 7 CO%E LA E AR |
PR . SLD 7 5 M3 f5 25 & AR i ik, AR vk &
IL[RIWEH , ZEBR UK IX 30U 77 TE G0k AT o BT SLD 459K
G BN T T KR Broeren 4517
WFIE T SLD S5 0K A By pICE TR AL B AR g J3 X 3 A4

BN PERE Y 5 2% 2% 285 25 B X AN [ 3 AU A5 T
SLDZE vkt i it 7 38 A i 52 e o T 22 B3 AU i 1
RUA ], 52 45 VK2 () R i AN [R], SCHR[9 - 124 45
UKIE W Z Be B HEAT T A0 BriE o o Y BRI
MR IR S, AE T ER AR 2 32 B R, 2
AAEIIIETY T AR PRI KR R R TS A T ) R A5
M) , 34t K B S e B A e DL B X SRR R
£E TP AESLD 45 pkou A S SRR 52, % T AE T i
B (R 3h ) KYE T FR AR 25 T T 52 Wi b A7 AE A
AR

AR FE UK 7124 (CFD, computational fluid
dynamies ) B IRy 125, 3842 4 A 38 3 A8 A9 O £ 0

Y 78 B H#1:2024-03-02; & E B # :2024-04-06
{E& B A (1974—

) F T RN e A BT 5 ) o R R GEE AT EHOR.



-10-

O R R A 2 R

2025 4 12

ENZRNEAC R I B Ry 2 U 5%
AT AT VRS e JEE o ) S TR R A S i R

1 HBEAERZE

11 HEFENME

ASAEH] CFD BB I B AT O 5o b, 5%
WY EAL  —4E GEW AR RS, T
Navier—Stokes Jy BRI TR, g A rh 2L 7 12
Bk |

%;L+V'(pV)=O (1)
a—(gtﬂw-(pvv):—vwvﬂpf (2)

K :p B ;¢ AIFIR] VR BEOR £ 5 VoA I 5 5
Fsp MR 7 MR R T8 IR 7 5 f Ry B
ARG AR .

T AR e P k- SST BY IR IR Z A5 A 7F
VT EE AL R Wilcox k-0 £, 7R3 FZ N LM A H
BYNE R k-e 820, THRRH] C BIZSHMINE, 5%
SLD &5 pk KU 3 56 M5 AT T) 1/4 RRA LK, i
Wil Bk 15 A5 5% A, T S b B W 2 R Bl
FEITEE I UEAT T AR in s Ab 38, Q& 1 s .

ii i

HHFHHHH
1 ERRE
Fig.1 Airfoil grid
ARSCAH ] 3 Mg A R A RS EAT T RIS ook
PERIE, W3R 1 PR, Horb, € R TH 280, €y BT &
B, MITRZERATAL 6 x 10° 1 IR B0 AL TR
F1 FETRMERIE

Tab.l1 Grid independence verification
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