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Investigation on the ways to eliminate the asymmetric flow on
low-aspect ratio fins at large angles of pitch

Li Wei, Li Yonghong™ , Chang Lixia, Shi Xiaojun, Yang Ke, Wang Xiaobin
(High Speed Aerodynamic Institute of China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: It has been clarified in a recent wind tunnel test that the wingtip vortices generated
from the leading edges of the pair of fins which is opening along the flow direction begin to
interfere each other,and further make the formation of the asymmetric flow in transonic speed as
the angle of pitch increases to some extent. The asymmetric flow generates large side force and
rolling moment, and brings difficulties to the controllability of the fins. It is necessary to study
the way to eliminate the asymmetric flow. This paper presents the changes of the asymmetric
flow versus angles of pitch, and investigates the mechanism of the formation of the asymmetric
flow based on numerical method. And then two ways to eliminate the asymmetric flow are
proposed. The results show that as the angle of pitch is large enough, the interference of the
asymmetry of the vortices becomes stronger generally till one of the vortices disappears. It is
effective to eliminate the asymmetric flow, either through reducing the root chord length or
cutting off the local area around the leading edge, and in the meantime the effectiveness of the
fins is close with that of the base fin which has stable wingtip vortex formation.
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Fig.1 Basic schematic of the model

5 WU 9 PR R B U 0 T 1] S 4T IF I 2 SO
“TFEFE A T KT PR R A U S P A

(a) “FFHIEA”

(b “H kR

2 6=30EREEEATER
Fig.2 Schematic of model (8. =30°)

1.2 RBERS5HH

NP R 7B AE 0. 6 m < 0. 6 m BB
XU A SE B, I R A Y 0. 4~1. 2,
A0 A Y B R -4°~12°, 3 T 5 B AR 1 TR v AT L O
Re,=4.13X10°~1.03X10°/m, 2% M N5
BRI, NERBS HERKE LK, S %5 G
RS FR I

3 Fi/R R Ma=0.95.8= 0B, A 6] fF A0 K€ Jid
£ AR ) ) FNVR e 0 00 R B A A .
Bl a] DL 76 /N0 A 3 T 25 00 A0 A AR A ik 2]
30°HF o A g AR T A M 1) ) R G 0, R
ST 77 A I VR B A S TR B A I R 5 AR TR
B DI R A P AR B A T B BT R
G, T H 21 S AN [ A T R AT B HERR T
BRI T 22 0 B R 5 AN AE D5 — 36 XU v i AT T ARG
R HEBR T RUR I M E R . 54, KRB oE 4
RO LR e85 BN A ST T B 3 5 AR
S AR RIS L IR w26 W s Al X AR T B B 5
MR TR SRR . 1 B B 2 B 76 05 40 ¢
A 1F 2 30°HE, 3 XU R & w83 KU (B R 2
Fie 0 A7 ey B 2R AR ) 1Y Sk it — 25 0F 5% B i 2 Ol U
T LFRE PR R TR B LR
T PR R A 4 OREAAD A6 O £ 43 590 152 Sk ORI 30°, ) skt B
A WFP AR 2 AR B R R AERE IR 00 R R
I 30°(hRic A : T_6.=0,B_8. = 30) Fl I 2 ifi & fE A
i ff 307 F 0 0°(hRid B: T _6.=30,B_8.=0),
Xof 33X 1 b e e 2 A IR B AE «=0°,8=0",Ma=0. 4~
1.2 4p ol AT 7 I 7k 5

AT A TG o A g 2 G bR 28 4 S ) 1) )RR B% )



o5 34 %

640 = R
0.06
0.04+
0.02+
0 L
. -0.02}
© .04} .
-0.06 s
-0.08+ —h 5::200
-0.10f —— 9=30°
-0.12 L N N \ L . N L L )
6 4 2 0 2 4 6 8 10 12 14
a/(°)
(a) C.~a
0.021 - 5=0°
—— §5=10°
0.01F —— 0=20°
—— 0.=30°
—A—A—
O L
G
-0.011
-0.02 1
VB0 2 4 6 8 10 12 14
a/(°)
(b) C,~a
3 Ma=0.95p=0°H , FRAMMNEFEET,
LEMEAFRENERHBELRANHTL
Fig.3 Side force and rolling moment
coefficients at Ma=0. 95, p=0°
0.161
——T 0=0°B_0.=30°
——T 5=30°B_5=0°
g
0.4 0.6 0.8 1.0 1.2
Ma
(a) C.~Ma
0.031
——T 6=0°B_0.=30°
——T 6=30°B_d=0°
0.02F
G 0.01
0 —
-0.01 L . . '
0.4 0.6 0.8 1.0 1.2
Ma
(b) C[ ~Ma

B4 oa=0"p=0"F, HMAERKRAA 300
EEMENMEZNERBEDHEOTL
Fig.4 Side force and rolling moment coefficients
of the two models at a=0°, f=0°

L FR B BE S o Y 8 A AT DLW W L OR A A D AR
307Ny 42 SRS ] 02 b B TP MR AR . B R
ARF AT A A £ 3k ] 30° ), 52 LB X v B e 257
A HEXS R Bl

Ryt — 20 7 S5 F RN AS g8 Uk iz ) i 5%
GEHL L HEAT TR BRI 3 (PTV) 50 . ) 3K A T o7
TR S T 0. 1d 4b,

5N a=p=0°.0.=30"°.Ma=0.95 i PIV i
5 J5 bk R DL RS BB g Ml i . B <R
BERY R AE ™ A= 1 T ) s W A AL . AT LR Y S
IR el S G B I Wl R AN 8 PN [ O 78
B B 07 S B A R X AR

— - . Vorticity
20000

17143
14286
11429
8571
5714
2857

0
-2857
-5714
-8571
-11429
-14286

-17143
20000

B 5 PIVIRIEZE R (Ma=0.95)
Fig.5 Results of PIV test(Ma=0. 95)

2 HESRMFERENERRE

P T3 30 X U 4 A0 5 UL 7 T B A B DA AR
I R R R S T S ORN G i A A TR 3 T A IR
B g 5 AT Bh B AU 5 vk X JE R I 40T
ST 3 40 A1 S [0 6 A 63 100 52 0 L 9 T TR IR 5 g 45
HEAT T B 4347
2.1 HEERFZE

PE 7 R SR N-S R IR
AEFR R TS R

e T = 5 o

FT SST i Wi A 2 (1 DES Jy 325 3 3 %t it 30 fig
FEB I Y Bk i, 92 B RANS #5 Fl LES #5819 4
e, P FEOR AT BRAAR R 44T 1, R 1) R
XA [E] 2 (Dual Time Step Method) #E47 B 5K i
DAFRE iR B . Xt 3 300 B 4 I3 359 SR ) — B o
Z2 A AT AL B, SR T ACE R S A B AT
REPEII, Hk 2% ek [6-8 ], 6 5 44 A 8] 25 K Bt
0. 01,k FH A5 M % , i 375 30 5 B0 25 Wy T Y 7E 15 55
B DL W SR P G W B 4 B I SR i S i
BRI TG B 5 3 3 1 B2 0 4 B R DA o 450 T
TR FH s )RS 6 R e, B SRS THEE 5000 4 3R
)25, S 8h T RBEAAE 3000 Ll FRE .,

(D



553 2 B TR/ 5Z HE R RE D AR X B AL 8 B 4 i) 5 1 641

2.2 HELZRS5KBRERMITLIL
Sk 56 U JT >R S0 A5E 400 7 3 0 I A% Jal 43 1 A AR
PR SEAE «=0" . Ma=0. 4~ 1. 2 3t Bl X 42 3 il 4 1)
ISR SRS EHT TR, E 6 s, WA
AT AE H, S5 7E «=0°.Ma=0. 6~0. 95 7
ST A TR N ) g RN B R ) A5 R — B 0
AR AAHIE B T AR X PRI G L IF H A ) Jy R
e I R BCR DR AR S U AU TR
) —EtE . Ma=0. 6 B, 35 5305 97 3k 45 19 35 X
PR IR G BT 7 A 0 A 1) £ 19 5 ) 2 AR S S BB T I AR
X AR G 77 A R ] i 8 7 Tl R AN E 1. AR,
JiT SR 04 BB AL T 125 R 905 o A 3l 48 AR SC T E 9T 1
AEXT PRI G, e T ot Ty vk T J It sl WL RN 32 25 e 2
B R ATATIN
0.08r

——CFD

0.04 1
0
-0.04
-0.08
-0.12

-0.16

-0.2 L 1 1 )
%.4 0.6 0.8 1.0 1.2
Ma

(a) C.~Ma

0.031
——CFD

——Test
0.021

o 0.01f

0

0042 0.6 0.8 1.0 1.2
Ma

(b) C;~Ma
Be 2EMEREHEEARSKBEIL

Fig. 6 Comparison of the experimental data with CFD results
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