F12EHES M 2= T OB KR % E MRAREREEM) Vol.12 No.5
2011 4£10 JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY (NATURAL SCIENCE EDITION) Oct. 2011

*

AT AR FSIIRERELMNBERR

FEE', EaeR', &R, XER
(1. ZSETRERFTHRERE BEPE P4 710038;2. 93066 BFBA , BApvT  HFHT  157023)

WE  XFHETFiETH 8 % Navier — Stokes 77 251 RNG k — & w2 AL 0 A RA AR %, &
REHERENEN, AHEF A RENENRDFRIEEHATTREGTEAR, &5
KW HFHE AT EML, R R EW R ERFFERLE TRAZ A, SOk E W
WEERE TR AR FHAEEH K —F oML, 5 FHE AT EA L, E At
BN F B BAREA O REREHAHK,

KR TR EWE;HORET A R

DOI  10. 3969/j. issn. 1009 —3516. 2011. 05. 004

FESES  V231.1 XHEFRIRES A XEHS 1009 -3516(2011)05 —0015 - 05

195 R O 2 VT AR 28 H AR B s, S04 e IEASE 8 3o I 1 F) R AR I S22 B
CED IR o e v AT o0 = & 1 = N W /BN ¢ oy e S I 72 AL/ SR L
Tidh Coanda BN R L Zeid Rl NAMG ZBFFEHLII HBIFTE | & B S O Ha 42 1 7 2 RO 1 £
R T R L R R

A , [ AR CED X80 75 5 e f BB 7 R AT T 207 RFST  (ELR 28000 CFD HA2 3
BEHE MR, T ELE DR BE R S2BR AR SILTAERS , Je e R A WA M 115U 53K 2 000 K
AL, R BIILEE A3 A AN 2450 | T LSR5 AR AR, BN L S A R Sh B 00 e 5 2, TR e b B
% JE VIS 5 S S R M PR B R

1 Py BRIk

1.1 BEEEERTNRER] S

AL NASA 22 FIBFFE Hts i 0 e A 43 5]
TE T BE T 0 3 A T RE TR RCB S BT A U 4%, AR K 83. 82
mm , MEFREE AT 57. 78 mm , WEIE 57 13. 74 mm, H F TR S5 060 1]
FZ o 1. 35 EERET R BT I S A S8 98 1 mm, 378K
BT B A1 75. 83 mm, 33 I 45 FIHFALZETE 1.5 mm, iX
FERT AR B A B B AR 5 S e 1 5 4 T BE S R 7 2 ) i L L
) RSB E L Ry = 5. 034, AP MBEAS 1 11 3% T SBT3 IR
T ) U L R ISR T 10 5 .6 5 6 M K, #4> Fig. 1 Computation grid near the nozzle
P (WA AN ) BRI R 13 AT X, 43 AR S HEA 0, RS aE  RE T MTAE UE L 11 A A E
AT I PRI B RETH A I A BRIT y 78 1 =5 Z[8), PRUEAH SR A& AR L/ INT 10, e S S oTER R a3k
TLERRST | A% S8 527 900, UL 1,

« Wi HH#.2010 -12 -23
HEEWMB . 254 TR RO R A 0133 4 % Bh I H (DX2010104)
EEBAN B0 K(1984 - ), B BRVE KA L4 TG RGP IS S TR,

E — mail ; guofeilxlt@ yahoo. com. cn



16 BT REIFZI(ARFER) 2011 4F

1.2 BEHERE

W NN B2 R | 4B 1 Navier — Stokes J7FE REE T FE MRS 7 #2 A Sutherland 2%
AR, TTRRRIER A RNG « — e THRBIR " | 9 T ERRIA 28 U7E B IR A L T B Bt | B3
R o3 B B 22 IO 45 AR 19 8 T LRS- T B2 b L AR B TR 2 ) A8 Ak R 5 B I S s il
Rz, AR

Criiyy =f(Ti;) =0 +ou T}, +0‘2T?,f +as ff (1)
K (2,)) FRMRE T A, o (=0 =3) B E B R 1 4 AR BRI R I a1 (A FRAR R 5 1
BRI T Sl LU AR 2% SR ELAT i 1] B 20 R s R 0 B Al et A (B DR A PR Y AUSME A% 2%
DIFEHATEIR L T INVEUE RS R T T 2 MR v
xR1 STWARH
Tab. 1 The coefficient of the polynomial

R Qg [$31 ;) (&5
200 K<=T<1 100 K 1017.9 -0.11498 2.626 7e-4 -1.018 5¢ -7
1100 K<T<2 100 K 901. 71 0.215 81 -6.3209e -5 8.158 5¢ -9

1.3 HR&H

WA IE VRS DX E AL g MR Rl W TSI O 0 25 8 60 U AN A
125 78 B2 i B2 s BE TR FH 4 30 e B 25, TES ARSI R R AR R RS R BE R Ry =
1.0,

2 ARG IR

VERE NASA [FIZS AN BB — ol S— sk WA UEA T 5 5 7 R EUERAIE, (EH 4 N -S Jf

T AN RE T PREURT RNG k- & I A B0 R TE R L Ry =4. 60 PAZESHRNLE X,/ X, = 1. 8 BHAY IRt

FRHE AT LIS IS 1 T BE T B R 20, S i R T AR R 2, 18 3 IR T TR R iR

B AM CFD B R 08 B oA, o] LA BN A G, S 4 L BE T e ) e, 7 AR Bk, E T

T O e A e T A T e RIS A SRR RS SR LA A, T RE TR O & A B AR AR — K, X i

A Sl R AR R 2 T SE Y
’ —- FHRAE Ik
o FEME

— EENE T
4 PR

0_0 L L L L L L L 1
04 0608 1.0 1,214 1.6 1.8 2.0
X/'x (a) BB (a) HFE

K2 BERHE R K3 &

Fig.2 Pressure distribution on the wall Fig.3 Density contours of the nozzle
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Table. 3 Variation of relative jet flow rate (%)
Ryp 2.5 3 4 5.2 6.8
Variable C, 6.31 6. 31 6.31 6.30 6.29
Constant C, 5.96 5.96 5.96 5.95 5.95
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Effect of Variable Specific Heat on Shock Vectoring Nozzle

GUO Fei —fei'”, WANG Ru —gen', ZHAO Biao’, WU Pei — gen'
(1. Engineering Institute, Air Force Engineering University, Xi’an 710038, :2. Unit 93066 of PLA, Mudanjiang
157023, Heilongjiang , China )

Abstract ; Flow fields of 2 — D shock vectoring nozzle are calculated by the finite volume method based on 2D Reyn—
olds average Navier — Stokes equations, RNG turbulent model and considering the variation of specific heat at differ—
ent temperature. The results show that there has been some changes of the nozzle flow fields such as upper moving
of the shock wave, the abatement of the shock wave amplitude and the increase of the velocity of the nozzle outlet
compared with the calculation of constant specific heat. By further analyzing, the thrust coefficient, the thrust vec—
toring angle and the vectoring effectiveness all have increased in contrast between the variable specific heat calculat—
ed results and the constant specific heat numerical results.
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