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Numerical Diagnosis Method for Control Surface Faults of
Supersonic Gun-Fired Aircraft

YU Yifu', WANG Bing', WANG Qiang”, JIN Xin’

(1. Tsinghua University, Beijing 100084, China;
2. China Academy of Aerospace Aerodynamics, Beijing 100074, China)

Abstract; For the serious damage of wing and rudder of canard-shaped gun-launched supersonic tactical
aircraft during the launch and cruise process off light test, the numerical simulation of space flow field
under full aircraft model from flight test was carried out and the local flow field structure of damaged
components was analyzed. The results of numerical simulation show that when the Mach number Ma =5 of
the incoming flow at 3 altitudes, the strong shock wave generated at the nose of the projectile body at low
angle of attack is the direct cause of the damage of the canard wing, and the shock wave at the leading
edge of the booster is the direct cause of the damage of the stern rudder, and the huge static pressure
difference between the front and back of the control surface structure leads to the damage of the rudder
structure. Through the analysis of the flow parameters of the local flow field of the projectile body at the
test angle of attack, the aerodynamic factors affecting the damage of the wing and rudder were obtained,
and reasonable suggestions for the improvement of the aerodynamic layout were put forward.

Key words: supersonic gun-fired aircraft; wing fault; rudder fault; flow structure; numerical diagnosis

WA EH#3:2019 — 11 - 28 ;& [ H #7:2020 - 01 - 20

BB EAEHAREIEL I H (11572303)

YEE B AR50, 5, RN, 22 A5 85/ 7l B 1138 5 3 s 5T, E-mail : yuyifu@ tsinghua. edu. en,
BiVESE: T, 5 BIHUZ, EEMNFBEE R S MBS ST, E-mail : wbing@ tsinghua. edu. cn,



R

26 EREEIREFZR

T

http ://scbg. qks. cqut. edu. en/

Xt AR R AT R S SR B A R e & B PL A
A A5 AR RV 23 b3 BAG SR 3R A5 S A A LBl . 9 3 A
TRATER TR B 1oL R 2 NI 0 T ) A AT AR
TRPLTE, TATH & AT AL BN AE , (R A0 SRS 32 R 4 11
FREE R, STERTE R —A B R R g . X
J5RAT RS, — B 11 Mach 3¢ AT LUK S] Ma =5 ~6, 4 T4
) T 25 A 5 SR v, 2 SRR B B 2 S HE B ol T 45
PR IR 1

ARSNGB AR R A A AT AT IR
AR B EE AR T B IR A, TR /AT AR R R
FRRICIEASSALL . S A M ST A PO 28 SR 4t L R e B I
PR, SRR B ek 3 R A A S BRI A B B S R ek
PEE . ad CAD BR8] K AT 2% T B BB, R FH B
PIRRF SR RATH A T HA ATRE T i 454, X
TR AT IR BB U B 45 R AT IR 5 2 T, 3R IR 7
Jey s s Sk BRERE | R A AR IX S i) i L2 R Sh A5 L R 1 4%
A A7 ST Bl S, R 6 T AR BR A 0 AN/ N B TR AT
RS, 8 i SRR 3 JR B 4 40 15 L, FRAFIRAR R AT 25
B (S Bl A SR RRAE

1 R R RS

T RS W T 5 AME 0 28 B 9 8 7 3 e %
Tr AR ERE Y AN TE] 1 7R  ARBEEEAR SRR | 7R o

A1 XA AWE ATERAENITEFE

k1 FEARRHK
L,/mm

¥ E/m Sr/m” L,/mm

3.6 180 0.7 260 350

442/ mm

Horp, SO R R S AR, L MR, L,
e

TR TG ABR S G — 2, R Mach 80 Ma =5,
IR H=0 km 1.4 km 4.5 km, 3£ 2 4511 7 IH5 T00HY
ff e A

22 BAGZEAHNTEES
a/(°) 0 2 33 45 55
B/(°) 0 0 0 0 0

2 HEFERUTEEXR

A SR P S T B BT %8 o FEA A )
SRFHET Reynolds SEH [ N - S 5fet"

2.1 FwEEHFRE
=4 FIE R FE I N =S .

—%ﬂ@W+ﬁﬂM§=0
KV R R RE S SRR ; 0 A sFEAs R
Somid R S i (IR ) B 3 AT I BRI
ToRGiE i s ST S A 1) B ot

i 1] 4 i SR H B2 X LU-SGS 2, N-S J7 & £ 1 25 () 5 6l
JETERRA PG T 340 R — > 2 T B Rl B — B H o 7
TR, X BB H s 7 AR L B IB) R A7 oK i R B B o
LR e BT ()4 1 5 vk AE 2 0 5 ] U R I B
B R AT, AR S . LU-SGS JrikfE = 4E1E 0l T
Te&REE T HAE =4k it RS LA U g7/ A
AR R, A TR RN RE RS S

DAAT BRAARRR I ) s 245 i) 2 1 a2 ok e 3R T o
D25 R, TR IR F Roe SF-357300 Xl 25 73 53 54 4%
F(FDS) B H, 38 2 PR BT 1 J7 1038 & 1T LR

(3 ), = 5 LFCa) + Flao) = 1A, 1 G - a) Ty -

SR + Fge) = 1A, [(ax =) )1

S s =i+ o FOR I HTEAE § 07 16110 41

1 \qr N ERTCAE TR W FEAAE R 5 | A,,, [P0 Roe SF-HJ4H
W o adid MUSCL A6 fEL, o] RASRAE— B, B B a2, i
B R B,
2.2 imimiEE
R S-A — T R X LG H 0 i s TR -
9

o =Cyu[1 —f;zJS'f)"'

—é{v-<(v+a)VD)+cw(Vayj-

. C, 7\’ 2
(Cufe =500 (L) +/ubU

T A PE R T A
Mr = ptfufy = X%J(—X = 2

+CS
Horp d RS [ BERY B IR B 5 v 0> TIB SRS TE R AL,
- vf 0
S =0+ L

fo =1

Lty
N N R
dy oz 0z ox ox  dy
1
1+ 16
L =g[ —
g +Cf:3

g=r+Cy(rf =)

_v
Kd*S
fpz = CBCXp( - Ct4X2)

r =



REW,F A S RIS

95 5 ) i MR AL B ok 27

S = Cagexpl = Gy (& + gl
AU
w,Ax,

XE,0Q e, TRTHENEECN:k=0.41,C, =
0.1355,C, =0.622,0 =2/3,C, =7.1,C,, =3.24,C,, =
0.3,C,,=2.0,C,=1,C,=2,C,=1.1,C, =2,

2.3 hREHG

1) L i

RRAR M T I AR TP g i AN % A TE R Ak, {H CFD
BB RUE W AN AT RETo g5 3 , He I — A B i i
FAE RIS o ORE R 2 AN LSS AT S B = A
A Sl FLE BN, mh R Bein
B A RS — A Bl R YRR AE £ 2 e, R — 4w g
PP~ B S R AR 1 e AL 3L 1) 38 21y, ANV 1) 3 Bl 3 Y
PR Bk L AMEERRAS D R RIE T IR S e A IR
LR BSOS RSN T8 E i 5
FMREIIEY

2) Wy

SMNFETTA ], YT A S | I P S (AR R, o AR L )
T A5 45 Pl I s 0 2 [ 8 07 S e ol 1) [l A, 00 T SR R
TS (B w =v =w =0) HaHBE T 3k 0] 2 K J) 4 B
etk
2.4 HEME

MRYEE A FAFT A A EE R, X 12 1 TFEA R 4T T’
e B S B RELAHT , FIL A ICEM AR sy B T2 0 40 Al 45
Fa A% AnE 2 ~ B 4 B, TR AR, w5 — 2 P A%
B2 x 1077 m, PO 52 IR HE KR 10 15 % T80 A A
V2 N I Sl LGS0 56 Al F Ao FEDRS B (25K, I A S B0 i
IRE 805 J7 o M FRARFEST i ds2s AT oR i

g, = min(0. 1,

B2 BRATEIMERABEAE

B3 Jarsh A M E

A4 SR aAREREAR

3 HERMERESH

AT 3 Bl i BE A T ORISR Ma =5 %472
RIS HEA T A8, HF X R 3 s BE (H = 0) i3 45 28
BT 323 Gl TR AT A AF RIS AL
R S22 (H, B S M B vk M3 L R AE 10 U 3 4
A,

(3 MABHBNEABENL
o/ (°) 0 2 33 45 55
w3 # /kN 5.4 4.3 2.2 2.1 2.2
B He/ kN 10.1 7.5 3.8 3.5 3.7
AS AR LR BFAGEN > G R

PRI, AN 3N Ay AT e v Sk i 4
A FITENS 3 DI, 6 75316 32 i 26 180 77 76— i IR X, 7



28 A BEREIAEZFR

http ://scbg. qks. cqut. edu. en/

CRATH 7 A Bl g A R S B M RIL S A 7 A R 1
di s W BEE RS # R 22 W] . LA H =0 mEERY RATIRAS
TS AE SR D ], P3G 22 1 e Kk S 22185 5.4 kN(—
FEAEHLATHG B BT R ST 1 BRO 200 kg) | 326 20 i H AEHIL A 5t
IR, e 3 BRGNS 3 42 ) i e e ) AR AR S LM ) B,
TRACKIT A1, i R PR, RAEAT IS 2 i Kk )
ZEIRF 10. 1 kN, py R AE i AR B 4TS 64 35 (A 45 4 5 | 4 ) BB L
HeAFFAE A DX, X AL M 7 AE AR R s 77, i 8 3
HOS R AeHRE

P 6 25t 1 M S P 98 e 5 s W) 3L 7 A T T T A
A UL/INICA AT 25T AR DX I 2l 445 A 3 A, 8 e o7 A
XTBORAAS AN I, S0 0 i e L, A ik o ) 3 2

Ho6 HHABALREAENS>HEAE

4 #Hig

S RE A S W 70 B, 4 R Mach %0 Ma =5 1
AN AN TR E SR 5 BE VT A AF T M S P QAT A
[ EEH , AT AR 4518 .

1) 763 PR S LA F T, Ma = 5 B W ARSI 2R T 16]
TR AT B AR A 3 0, Mo Sk 22 R 3R, KUK 3 JH 53
Yo, Ferb Sk R e B He A AR TR 454 L, 3 A5 Bal il B
HAETE R R A L.

2) 1E 3 P S Ma =5 BZHE T REAR I Y 2
IR T 45° X T/NBURIRES , AR E W 20 B AL, 48
SRR SIS R RRAE , WAL B B MER , R i R 2%
(B X T RBCAPIRES , i T ORI 73 8 A0 ™ B, 77 A B
RS 2 T, SR AR A 9 AE R i sh 2 M 2 8L, A
RE TR BN 58 3 R 3L A LS 32 7, O R 4 SR AN T T T

B3 HT o

3) R FARIERSR PR | REEAR 3 R ORATEREE /N
AT IR o B L HES AU 28 S 4 1 43 A X)X T
SEBARIIE S 28 R (RS M AN R, R A A Bl 1) A 2 LT
BATAEAR 5 X5 T RIS DU , 4K i B2 52 0 SRl X ), T3
SERLTIH,3 BRI AT N L 2 o = 45, BERRIR R 3%
A RHEIYE 2 a =550 EHRR S R R 8S o FENEY, 24
TR S H =4 500 m I, o = 55°I, SETAES [6] 7 3 % LR
B AT E AR E H IS A

4) FE/NBURIRZS 3 PR BE A5 1F R S T R
IR RT R, Sk AR A R %ok T 5 SR AR 14 5 I 2 1 R 5 B
W 11 2 S R 380 I BSR4 A ot T R B 114 R T S
BB RE Y FE R

5) 7E AT Mach £t M =5 B/NIURRZS T, 546 U 1) 7
I, S B L5 Y HIF JS O B R 25 R (I K 07 25351 10. 1
KN, 77 A A 7 55 3L 5% 1 4 5 (1) A< 3l o 0 B, AT RE XS
FEALAE 7 HE R

T B0 A AL 8 AL, X T R A s o T T A
mr.

1) X i e P AR ML, 25 B AE ALK ) 2540 R 45
i TR SR IR G, — 5 b RAT I T RS S — 5
Tt AR ALK A T 0 s XU, Bk 428 3R AN o, ol AR
[RS8 RS A4 5

2) TR R Sh A5 FRAE 1 3 AR 0 B (AN o & Bk
NFZTIRIC) 245G SR BT, VR 42 i 1 37 5, 3t 3l
SR SR AT P AR, 35 o2 o v 47 ) 0RO e A e DAL

S

[1] KIM K,SUNG H J. Effects of unsteady blowing through a
spanwise slot on a turbulent boundary layer[ J]. Journal of
Fluid Mechanics,2006,557 :423 —450.

[2] TARDU S F. Active control of near-wall turbulence by local
oscillating blowing[ J ]. Journal of Fluid Mechanics, 2001,
439.217 -253.

[3] MASON W H,KNILL D L,GIUNTA A A, et al. Getting the
Full Benefits of CFD in Conceptual Design[ R]. ATAA 98 —
2513,1998.

(4] Z#g, 7554 CFD £ Rpuiit ey s A [T]. fus
3K ,2002(6) :33 -36.

[5] JOHN F. Probabilistic Methods for the Quantification of Un-
certainty and Error in Computational Fluid Dynamics Simu-
lations, DSTO Platforms Sciences Laboratory,2004. 10.

[6] ANDY K, WILLIAM H M. Bernard Grossman, Transonic
Aerodynamics of a Wing/Pylon/Strut Juncture [ R]. ATAA
2003 —4062,2003.

(THEH R)



FA G R R S®

B4R R B TR 41

T [ 42 sk 1

JEE TSR 7 BA38 J H6  B J A  ( 3 n

TCH ARk 5 9 1) fih L e o 2 A 15K 3 ) 6 e 6 o
PRI IG IR E R

(5]

-100.
DEKONINCK C. Deformation Properties of Metallic Contact
Surfaces of Joints under The Influence of Dynamic Tangen-

tial Loads[J]. Int. J. Mach. Des. Res. ,1972:193 —199.

Sk (6] HHAZE KM LA E3h ARG AU R %
MR MR T]. FLEK,1979(01).

(1] RKZ, LB A@RATR BRI G0 FRAL [T] Fiad, AW AP ERELFR TR RLR
[J]. 5354 5 ,2013,28(04) 439 —446. FyaF R[], %sh 54 & ,2005(04) :89 —-91.

[2] Z485%, 2\ da, K 2\, HAE DU 48 & 0 69 42 AR R AT 2 (8] Mdoia, ER4&, B8, 5 ATHoHWEANELSERG
[J]. ®% 38 K 5 4 4R,2011,45(06) :69 - 74. e fkm] A T]. k3 5 7 £,2019,38(8) :218 -224.

[3] %eksm, BAN, EAR. ALRET B4R AR e AT T]. (9] BAL MR ZE5@EAEMEREZRART =%
PUAR 3 B, 1994(02) :72 - 75. AR []]. MR A =L g 3 4L,2016,45(06) : 122

[4] ANDREW C,COCKBURN J A, WARING A E. Metal Sur- - 126.
faces in Contact under Normal Forces : Some Dynamic Stiff-
ness and Damping Characteristics[ C]//Proceedings of The FMEFERE THEHEL( RIBAFRHE WS
Institution of Mechanical Engineers. 1967, 182 (11), 92 RERE BEEE

(#5528 T0)

[7] BALDWIN B S,BARTH T J. A one-equation turbulence (1):1-10.
transport model for high Reynolds number wall-bounded [12] JAMESON A. Numerical solutions of Euler equations by fi-
flows[ R]. NASA TM 102847 ,1990. nite volume methods with Runge-Kutta time stepping

[8] BOGEY C,DE CACQUERAY N,BAILLY C. A shock-cap- schemes[ J]. ATAA Paper 81 —1259,1981.
turing methodology based on adaptative spatial filtering for [13] JUKES T N,CHOI K S,JOHNSON G A, et al. Turbulent drag
high-order non-linear computations [ J]. J. Comp. Phys. , reduction by surface plasma through spanwise flow oscillation
2009,228. [C]//The 3rd ATAA Flow Control Conference,2006.

[9] JUKES T N. Turbulent drag reduction using surface plasma [14] JUKES T N. Turbulent drag reduction using surface plasma
[ D]. Nottingham, UK ; University of Nottingham,2007. [ D]. Nottingham , UK ; University of Nottingham,2007.

[10] WHALLEY R D,CHOI K S. Turbulent boundary-layer con- [15] WHALLEY R D,CHOI K S. Turbulent boundary-layer con-
trol with spanwise travelling waves[ J]. Journal of Physics, trol with spanwise travelling waves[ J]. Journal of Physics,
2011,318(2) :022039. 2011,318(2) :022039.

[11] CHEN Yinchun,FENG Lijun,ZHANG Miao. Application on

Wing Design of Large Plane with high-powered computation
[J]. Large Plane and High Precision computation, 2010

MEHE IRX BL(RREILAZFHRES)
RfEmE EEE



