B R XEER

JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY
B15HB2 M 1993 4E 6 A Vol. 15 No. 2

RESHEREIDIL CITERZ AR

TIEE B = F&SE

MERBERE)

M ¥ AXRUT HFNERFELZEMNWU TR NTEFE. ZHEE
S. C. Ward I TR FESHHFREERABERMERFRIMAMETERTRASHIH
HHREERB T EAVRESE R, BEUMRASENAEEE. HEFNHIENN R
HFB AR A E R PR MB T ERY. SXMET BB, KEEADRRCo BT .

xX®iE =#FD, KBH, BTH, KSIHHE

‘B V430

1987 4, S. C. Ward KR T #E S MAEMR S BRLCEEE KM BE T HRAS
TR B S0K B TR AR A T 7 A 4 3 4 LR D A R AT
HEMN o REIVBMENTERS, ESMRRXGRERK,: MERS « B TR
SEESFEFTEERMETHE/RONHIR = E LR ES, BEEEHFET
SHER, ES5RREN. MY AKSEEUMX. REARRIMEAEEIMEREHX
HFK, EXH:

K = (7, + r,81n6,) /7,
KH, 0, RBS SR SHEGEER TSR LA EXHEAT, HERH<HEALE
FERBEEEETRAN, K KTF 2, AEENHEER IR, MERERIOVBTELER
i, BSRFER—EAE, TARERERINER, 4, miBRIEREELDN
YL T TAERS TR AT ERER? B3 a R X RERMN X HREERNE
HHRMIERS ., KFAH R GRRARN AR ENPIE, RIBATHER
AR A TEAESRFRRERARSERAOREET. BERN<RERHS]
A B O 7 v A 1] AR A DA 1 BT R F A T A M R P B R E R A, W R A AR
S-S MR RS —, BERATR MR TR, MM, Ky
(BB 7 i R M B R AR R I — i, R AT RURAB B AR Ay Rt A
JEE T BEL 7 2% 350 % P A ey AR AT 3 R AR ORI T 4E R R

« 19924 2 A 20 AW



1 ERBENESRAKRKELRK
R BT UBE

741
D

P
& P (k)
A 2

S, 70 Pro My, Ay D, SHSUCRIEHSY M ROUUEAS 4 1R TR, TR, B4
NER, P AT D ATRFEMHESE, RETR, REER, VAT EE
hik.

1+Z§~1M2.

J

wmrady T T 1 ) ] (BB
REBRERGROER:
.= (P, — PDA, + paiA; = A[(1 + 7,M)P, — P,]
B OCER[1], MEOATER K AR R BN

5)"2( w* )"3[1.5+8.78(w“/8‘)
P, (6 Fw ) L 1+0.190 /5D

[sin(s* /D) T « [1 — (L,/D)e" /P2 uMB[1 — (P./P,) %%
AR P, M AR TR E D DY, WO 2D ER Y.
P, = P_[1 + YM% (cosa sinw, — sina cosw, sinf3)?]

K= e"l( T(Mf — 1) -

s [LOFDP/P, + O — DMz ~ 2[(P,/Po — D]

AH, a HH M, B RABMORENAEGCE, w', s" XS TFERLHKIH A «D" /40 D",
L. D& S, AABHABETHEEEG=1, OB KPAEROETREHE T
MEABRRBLR ARSI UEERIL PR A 148 T =FN R BN A TBK
AP K 5HREERHRAME, SOMOILER—ZH, BIET AN ERKE.

K

(r 6}
12.0 B 1: 6,=40° P o
10. 0 gk 2. 9, =60° 0o
8. 0t #gk 3. 6,=90° ’
6. 01 3.0
1 .

- 2.0
4. 0% O—
2.0 1.0

O e i A A L —t o - N Brom ~
0.0 1.0 2.0 3.0 40 5. 0D*inch) 00" =7%0. 0 0.0 180, 0 9B

W1 EAMKREME Bz RRELHGEEEIE



RO Iy AN o AR QIR

BTV R RETE h . VEH IR T — B Al X IR S 485 1o WO O A 8 o O A X R TR
AP TR R RRIF. T A BN S T E IR TR Mac Cormack B XAt B[ AH
Yerk . ALY Baldwin-Lomax #) (UBURREL, HARBR MR8 St 7 L Em
k. TR AR =4 EREm RIS s R PR y. R A THE 8 R
BARE AT R, REGEE TYEN T EHT KRB MEER ", h
U RAESEE AT TERS TH KITHEBTHRIIMAI N LRI, L5
FHELT T HE S RE R T A BB E R

B 1. A ARG

W S SRR FEAT . R RS . B0 P OAT =, 4

B 3. RWAKRELBH FERE, B ARG, BWOFOMT r=n 2.
ﬁﬂm%ﬁw¢‘%ﬁ%ﬁ%;

CATE . H= 20000 m

KL M=2.5
WA S A

Foo=2iveo N/m® T,=1120K M,=1.1

R S A R . 6,=75°

WETTHEIE . b= 0. 05 m

TG A AR AR AR 7, =0.3 m
Qo ddhy RO E ks, LIS ECA.

Yok . w, =10 JERRR. #4=0.5m
U HUE . R R AR R GEE TR BT S REEE R TS
CEVRR B Z Y IR D TR T S AT . B TR A ST T SR MR AR A RO E R A TR
R AU BREMEWRANBKEZEHE - T BBETF & AT 1, 2, 35E
A PE RS SR RS TE . TR RREW, PEREEESN, | RoRITHE
NS 2 7 S A U I =

p= 3
B WG HE @ EE, ZHRBAR B OFoLayRmeE R . BOER D=
fo T ERL RIS A A 3 BETWEREASHI LSRN TER .
For) = (Py(r) — Prir))e™ ™" + P(r) (— 7L 8<m
DU MLk RERER. F2R/B T 4 r=r BtEN P IEEMA TR AR,

DIP(/ S P

Pl N

. - TR
2 R A b o
‘) A = /:/7 L BN

M AR AT AY HE AR K S BSR4 1F A SRR AR AL P AT A
FCRI U R Koy HS 2 0 S A B B 0t ZB (BB A R e AR L B i
RS2 ADREAGRS RS HOPEIE: 3i: il p N\ I

8



7y = (K, — sind,)r; = ($ — sin(zw — 8, + w. )7,
bﬂfFiE‘JM‘IﬁﬂB‘J%Wﬁ%ﬁ%ﬂﬁfﬁﬁ%ﬁﬁ%Uﬁ
M, = ry(cosw,./3tgw, + sinw, )r,sinf
M, = t,(cosw,/3tgw, + sinw )r,cosf
JRE FRBEL 7 72 %4 BT 38 o B 40 Bk 0 A SR A A TS T T Y 1R 4 A T AR 3
_Ir i _ _ _ Tl /1 2 02
b= U~ L (P.. — P(r,0)rd0dr — (P.. — P)) D,]/ > uinrt
EE:J:JE’”ISEEjJ*HXT?ﬁ“ﬁET‘E%TE‘J’}E%W?"ﬁEE‘]Hﬂ‘ﬂﬂﬂﬁ@ﬁ*ﬁ%ﬂﬁ%ﬁﬁﬁ%ﬂﬁ
M, = J. J. (P(r,0) — P (r))risin(f + 6)dOdr — sinB(P; — P,(r))) 71'D2

MyZ = J_ Jo (P(r,0) — P(r))ricos(f + 9)dbdr — COSB(PJ - Pl(rj)) LllnDer

RETEY. BRPOHER, ARG TER

M., = sin| 2 L J-:(P(r,ﬁ) — Pu(r))ricosddddr — (P, = P,(r,)) +xDir, |

4
M, = cosf 2 L J';”(p(r,a) — Py())ricosddddr — (P, — P,(r,)) +xDir, |

4
By T R4 0 T 7= A o B A A R A0 D SE R R AR T R 43 B
M, = (z'dsmﬂ ry/3tgw, — t,c080,r,)sinf

M, = (t,,smﬁ ry/3tgw, — T,c080,7r,)cosf
880k I E by N U s bl
T, = — tusinw, 4 r,c080;
T, = rycosw, + 1,518,

B0 R SRR A 1B S A T B AU B BB
M, = (M + My + M)/ 3 putiert

M, = (M, + M, + M)/ —é—pwuforf

4 BRAHE B

RS E G e, TREHEIE A ZE R 0.2, BEEIVL T TIERE THRER
FAHRECH 0.16, B/NT 20%. MBE(CEREEHRATEGEW, T.. M., M, 354
127.6 N,1.84X107%,3. 19X 1072 %E%?&jﬁﬂl‘éﬂi&?@j}%%mﬂ%ﬂﬂ%ﬁ&‘~ﬁ,T,.M,,
M, 4514 171.6 N, 5.99X 1077, 1.04X 107, Mi# AT 34.5% . TRMAER.
BRI RAR S5 R BCAIEIN T 2. 26 7%, B0, B TR 558 S ERAR TSI EKR T
EAHHRAET REEMEM. Brol, E#TEERIVARITS, TURKEEXTE
BRIV ER-STIHWEK.



£ F X ®

1 Ward S C. A Computational Model for Predicting the Performance of Jet-Interaction Steering Control Systems for
Conical Missiles. AIAA Paper 87— 0069

2 FA&ZE, TIE%, RIME. HSRLEREERDHIZEBTFRRFHHFE ARG, BT AERIRE
ek, 1990

3 Wang CY, Wang Z H and Zhu G S. Numerical study of Supersonic Flow over Flat plate or Rearward Facing step
with Transverse Inclined Air Jet. Hoog Kong, Aug, 1989

4 EE%, TERE HRAFAVSEEMETENMRGBERL. HEMRXZEFHR. 1990, (2). 1~6

5 KIT4E, TAR. MEASEREN MacCormack BEAMMMHEERT RIS T AFFER. 1991, (2).
251~256

6 ETIFE4%, FARE. “HBRPBIR NS FEBESE. #AFEAR. 1991, (1): 24~29
7 HTHE. BHEARSHHE KY: wﬂ_&t"#ﬂiﬁﬁ: 1988 327~345

The Pneumatic Computation of Aerobat with Steering
Control Engines at the Base

Wang Zhenghua Chen Lan Wang Chengyao
(Department of Aerospace Technology)

Abstract

In this paper, a new method is presented for the pneumatic computation of aerobat
with steering control engines at the base. The method is an organic combination of S. C.
Ward’'s engineering method and the axisymmetric numerical simulation method devel-
oped by the authors earlier for the supersonic strong interaction flow field with trans-
verse injection at the base. It can estimate the total propulsive forces and the additional
pitching and yawing momentum coefficients,including both direct and indirect parts. The
base drag coefficient Cp decreases as compared with the case without injection.

Key words three dimensional flow, base flow, strong interaction, pneumatic com-
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