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Abstract

Num erical smulations were conducted on the 2-D convergent-d vergent vector nozzles w ith spherical conver

gent flap to evaluate the static intemal perfom ance of vectored and unvectored nozzles Itwas perfomed o analyze the effects

of the geam etric pitch and yaw vector angles on the discharge coefficient and resultant gross-thmst ratia  and the relationship

bebv een pressure ratios and the resultant thrust vector angle A1l the nozzles have the sane throat aspect ratio of 2. 083 Re-

sults of the study mdicate that the effect of geam etric vector angles on €, and € jwas snall ( less than 3% ). Because the pitch

vecloring w as accanplished by simultaneous deflection of the upper and lwer divergent flaps it caused low er resultant thust

ratio than the yaw vectoring did. A peak resultant vector angle which was larger than the gean etric vector angle occurred at

NPR belw design, and the resultant vector angle w as close to the gean etric vector angle atVPR above design  But the result-

ant yaw thmst angles were nearly independent of NPR.

K ey words

1 51 &

B A AR R AR S0 KL B0 1 i 1) B SRR B
HA RKEHERERE 1 C BN AR KRB 2 AR
PRAERIAR Y o [ Py A Al ke R AT B2 ik et A L gk
177 KBRS A BUE T T BE S ), i % T BRAL
LSS 49 s O I ARG B2 o BR A0 T Ay
W (SCFN ) A& — Rl LLSEHURHAD AT /R4 70 2
SO R mUE , HoR T R 5 il R

« Ui HER: 2007-06-06 1&iTHHR: 2007-12-12

A erospace propulsion systen; Spherical convergent flap nozzle Veclor thrust Intemal perfom ance

P IR BOESE . B AT LA SHfe oot e oo A A 7K 1T 45 4 K
RS ERRE S KRR S T
5 HLE — A ARE L, XOROK 4 5 BB <[ TR e 56
% IR, AR T RREE.

[E 7MY John G TaylorEt X3 9Fp A [A] it Bk A4 i 81
VT R AT SRR AL, fERR RS S B T S
5K B e R Ae o/ W B VR BE A K U TS Y — 2t
SAER [ P K Xt BR A U S Y
5% I ZL AR AT 1 SR ER T AT, WS R Y A T

1EE®/ANA: 25 (1983—), 5, wit4, whRsiEhEMS4EH. Email satisfiwh®@ tam. can



=t o B A

2008 4F

BT S J e o A B R A 21 A1 4 S B AS X BR A 4
A" R —SE TS R U i T R BB A T
(R Z2 AR, BT b 4l 98 30 sk, W 1 S 4 &
M., BARENCLN SCPN it 7 —LwF5, E
W SRR A LA, H AR R 13
THYE MR R LR AR . A2
CFD BUE T35, % SCAN KEMIAEREIES T
—LeVERRIEAT 1 BUET AL, JFIEL RIS T ROR R
R EAEBN LR W TR RE A R MY S A

2 JUfaFBEEIRE

2.1 JLiRE

ASCHFF R SCEN' i i %% 5 /3 v 5 B A ok S
I AR AL, 845 ASCRL B i e A A 5 e S 114 I 7P
X3, KK THE k. BiRSGHawE 1R,
Wit KA 5.92 ERKEL A 1. 46 WEE B =55 M1
A R 3t a3 B BR AN SO Y Fr B (T BE AN T BE
B W 2 I I L S A 5 S, T M A T 4
AN . W FE N 68.58 mm, 4 32.92 mm; H}
1954 68.58 mm, 4 48 mm; 35K B A 4 i 4 15 Ky
85. 09 mm, R 61.47 mm.

Transition section Sidewall

Spherical
ﬁ%gf%l vergent flap

[nstrument section

Fig 1 SCFN configuration

MRS M A 15° 25° (R RHE Y55
), WACIR S A AR 75 10° (KR MWE Z 4iE 7
] Yo SCH A A B G A5 8 7E M S AR T A 0 28 B X
J5 el A L A e, Y R AR A AR T A, Z
J7 TR R A 75 19
2.2 HETEER

CFD 53 gt ) 4 A BRARRRE, $20) 7 12

= 4EspE R I N-STRR, T E B #CR H
Pl ARG e BRI IR S, WA Re-
alizab le¥EVRAZIE) k-, 7E L BE X R H 367
) B T pR B0 AT Ao BE, FE R 2 B Ba R i 28 2k AT

THESAFRBE N AN, AM R e B
TR 2065, S bR i S A A BE T BE
S R ) 5. MR e S A A AL A, It
70 W BE T AL AR BEAT N . B 208 XOY XS FK I
A RS o3 AT B o TR AR R B IR EE H A
PR, RSB RS, SR E AR
FORFETT A . SIS 300 K, ¥ & LLVE HE A
2.011~ 11.827, #hiiis#t ORAsbRE LT i F € NE
I F oA (R W BETH DN E W # AR F E
ZIAEETH

Fig 2 SCFN camputational grid

3 BEMESH

Mt PR 1 e — ABCFH UL B AR BRI HE 71 R BOR AR
X R BRI, U N s — A%ﬁﬁﬁ%ﬁéﬁl, Hp
REIREM, H IR E RN R BB L A1)
REHETIHITT 7)o

MERMC) = (w,Mo;) (1
BHENREC, = (F, F;)

F.= [FP+F+F (2)

AN w, F 050 2l — 45500 A 00HE B i

MEAHES, M w, F, 25 8 SEbrifi &/, 2

HEE A .

S £ § = arctan(F, /F, )

SEWALA § = arctan(F. F, )

T LT OREA A0 LA e A ol e &, & 3R

(3)



i 20%% B 41

BRI SR 1T R R RS 9 M R AR T 445

4 HELERSH

4.1 BEHILHE

N T BRAIE PR F B BT R IR I A & I T A
R, BEx SCHR [ 10] H R 58 i % AR HE k-€ R ealiza-
ble k- fl RNG k-¢ = Fiim M M @175 B 3
(a), (b)NARKR A TCEN L 77 (BT R St e &
I EGAE ), 1 A bR 5% 5 B 28 7 1) (1) TE B N4 B (el
AL E x5 LI, Hrp LSS HKEBKE ), v/
L= ONBPERIME. B 3(a), (b)A(c) 4 HFEam
BE gk BE chLL 2R A B C RN I AHE ) R % @
B (b)AT ( ¢)ATPAE H Realizable k-e R H AL T3
Bim AR AR . A F TSR R ealiza-
ble k-l itz o
4.2 RIS

TN 43 B R B 1 K /0N B2 S ) 8 W A 1) PR AR A
WMUREAES) T BB 1 L B P 08 B A ) B B
BT EARMREED M ETCE W, WATESD I
WA M BRI, RRTE T IES R KRS T
HILGESN 7 B8, 150 2 0S5 80 40 55, 1 25 W 0 H 30
BTE R .

B 4LLT R 25 mE B S, i B R EAESD
B E A fE T AR A R AR S R sh R . XY
BN SRS E L E R E, NPR N 2. 0115, H

Tt CUE AR, i AR v AE W 5k B
W, 7 BLAE T EERI$; M b — 1E RHBO P 4R, G H
LT PEE RN, s R T IR K B S R AR
TP, NPR A 4.9921F, i 37 i & X T 4%
Sho BT RERK AN B RER, PR T — R
TR AN MK e A B B2 K 15 . B NPR i3 — 2P ) 19
K, B RAWTIN 8, (E45 R AK 4528 K, P10 A% oAl R
Bizt. NPRN 11.8270F, HB=AHEF L EM 2|t
SagAh. B 4(d)2& NPRA 2.0115, fishsr & X1
4.3 MEESH

4.3.1 BYE WS LT RYERE T

AR SO SR e A 3 1 B ) g Al Y HLAG SR SE B
P, B0 _EBR B Sh B B A 6T A IR IH, WOR
KU T it e L AR 4 2k b e B T
(2.011~ 11.827)-BAAE THT, LACRBF 50 &
FHE 1 2508 R B A AR .

B 5 B 64379 LA fw A o< B AR X it & R4 )
RSz B LR, SR EoRE, B R T AR O i A
I RE S HOE A P2 A AR K BT B, X i BF 8 e
B 73 10 1T ML) S SIS 300 65 A AL 11 V50 A2 TR v A
W IR B AE S B AT 7HDIRZS, B R B
e o ik, i fa e — i 7788 100, &
HIAR AR R /s . i TR R S W W i

0.99F
1.0¢ ¢ Experimental 0.5r 0.98}
- k-8 * [Experimental :
0.8 -+= Realizable 0.4} - kg 097t
’ == RNG s -+- Realizable 0.96f
- = -—RNG 0.95¢ :
% 0.6 £03 < 0.94 4 E‘ipcnmcntal
e 093t -+- Realizable
04 0.2t 0.92} -+= RNG
0.91F
0.2+ 0.1 0.90¢
04 02 00 02 04 06 08 00 02 04 06 08 10 08 —=———% % 10 12
x/L x/L NPR

(a)Sidewall internal static pressure

(b)Divergent-flap internal static pressure

(¢) Effect of NPR on ("‘

Fig.3 Comparison of numerical and experimental data
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Fig.4 Effect of NPR on Mach number contours
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Fig.6 Effect of geometric yaw angle on C,
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Fig.7 Effect of geometric pitch angle on C,
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Fig.8 Effect of geometric pitch angle on C,
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