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Fig.1 Pressure contours and limit streamlines

for turbulence computation k- SST
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Fig. 2 Pressure contours and }imit streamlines

for laminar computation
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Fig.3 Pressure distribution along symterical line

for laminar and turbulence computation
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Fig. 4 Pressure distribution along symterical
line for different limiters
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Table 1 Test paramters for force measurement

M  Re/m™' Pw/kPa To/K  P,/kPa T,/K M,

5 1,51E+07 1.17 55. 585 229 117 2.59
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Fig.5 Comparison for aerodynamic force coefficients
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Fig. 6 Pressure distribution on symmetrical plane
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Table 3 Test parameters for pressure measurement

M Re/m™!

P, /kPa

Tw/K P,/kPa

T,/K M,

4 1.25E407

1.84

72.14  360.530

123 2,59
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Fig.7 The comparison for the difference of aerodynamic
forces and pitching moment amplification factors
between with jet and without jet

3 & it

WREN AR RHH X QR TREET
B R RN, iEd CFD 548 KX b 447,
RAMTARRRTRASINWLS SR

(1) BRI CFD 5B £ FTERAEMME A
HWAE . EANARSERZERTRAFZHE
HESZRRERES B, HAEHNETRRERX
RKAKLREEREN I TEMEE—EER.

@) ARHEHRX REFEX.NEHIPRR
HESBERSHID MR TRRAGEHR S H R
BRED S REE —E R EM,. BRI K &GS
T HERENRALR.

(3) A CFD "] LAX B i & 2 T AR HAT B
#1,CFD R—M B R THRNHEEFE.

BUTEHZSHANAREEARFTLOERERR
FrfBAN R AA TR R LRI,

5 % X #:

[1] JOSEPH A SCHETZ, FREDERICK S BILLIG. Penetra-
tion of gaseous jets injected into a supersonic stream[J].
Int. J. Spacecraft, 1958, 11(3): 1658-1665.

[2] REMO D J, STRERRETT J R. Aerodynamic interac-
tion effects ahead of a sonic jet exhausting perpendicu-
lary from a flat plate into a mach number 6 free stream
[R]. TN D-743. April 1961.

[3] KUMAR D, STOLLERY J L, SMITH A J. Hyperson-
ic jet control effectiveness[R]. AIAA-1995-6066, 1995.

{4] BRANDEIS J, GILL J. Experimental investigation of side
jet steering for missiles at supersonic and hypersonic
speeds[R]. AIAA 95-0316, 1995,

[5] SRIVASTAVA B. Lateral jet control of a supersonic mis-
sile: computational and experimental comparisons[J].
Journal of Spacecra ft and Rockets, 1998, 35(20) : 140-146.

{6] GRAHAM M ], WEINACHT P. Numerical simulation
of lateral control jets[R]. ATAA99-0510, 1999.

[7] #amek. MEmR<s FHRAR[A) SHELERE
BRI FFERZTHELIELC], 1999.

(8] HEB%. AR I & 00 1) W% 3 5% 5L 40 3 {E A LB
FIAL FTR2EBRBFESDIHBOERZTH S
XHELC], 1999.

(9] RIBE., ERES. R EH R S8 Bk FATE>
EREARGERIAL BALBRLERDBRESNLX
$£[C], 2002,

[10] =X HESHUFEEFOEERH M) .8
FHARA . 2007,

[11] TER. FRABAVTEREMAYERED]. (HEL
#igX]. R PEEKBHMETREP LD, 2006,

[12] SPALART P R, ALLMARAS S R. A one-equation
turbulence model for aerodynamic flows[R]. AIAA Pa-
per 92-0439, 1992.

[13] FLORIAN R MENTER. Zonal two equation %k-w turbu-
lence models for aerodynamic flows[R]. AIAA Paper
93-2906, 1993,

[14] BRER%. ZWMOTRELADREKLFRIA]L &
TEREMEA/[SBHHEGEHNNREERBNHFE
WHLE S EFERLC, 2006.

[1IS] BRER%. MESROTFTREZRDBEENHR
[J]. h%%4, 2008, 40(6) :735-743,



EaW BREBRE MmN R R LR RIEHR 425

The study on the precision of numerical simulation for
lateral jets flow and the experiment validation

CHEN Jian-giang, JIANG Ding-wu, ZHANG Yi-feng
(China Aerodynamics Research and Development Center , Mianyang, Sichuan 621000, China )

Abstract;In this paper some numerical simulations are conducted on complex flow involving interactions
with lateral jets, and corresponding analyses are made. In order to simulate the complex flow phenomena re-
lated to lateral jet interaction accurately, the NND scheme with high resolution is adopted. Furthermore a
LU-SGS algorithm is also used to accelerate the converging process. Combined with corresponding experi-
ments, the influences of many factors including different difference schemes, types of limiters, topologies of
grids and flow models (laminar or turbulence) on interaction flow structures and pressure distribution are in-
vestigated, And then the difference of aerodynamic forces between with jet and without jet and pitching mo-
ment amplification factors obtained by CFD or experiment are carried out. It is demonstrated that there exit
some difference between CFD and experiment for axial force and pitching moment, but the results is almost
the same for normal force, the difference of aerodynamic forces between with jet and without jet and pitching
moment amplification factors. The main cause for this disagreement is that there is some uncertainty for the
pressure distribution along aft body surface of this slender missile with high fineness ratio.

Key words: lateral jet interactions; numerical simulation; comparison between CFD and experiment; force

and pitching moment amplification factors



