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Use of CFD for Aerodynamic Interference Modelling of Jet—Controlled
Missile

W. J. Sung, S. K. Hong, and C. S. Ahn

Recently, lateral jet has been adopted as an effective control device for high maneuverable

tactical missiles in supersonic regime. Aerodynamic interference caused by the lateral jet can be

categorized into two phenomena ; local interaction redistributing surface pressure near the jet exit

region and downstream interaction affecting tail control effectiveness. As part of on-going research,

this paper deals with the aerodynamic modeling to predict the variation of force and moment when
lateral jet of is activated on the missile body. For this purpose, a series of numerical simulation has
been performed and the results are presented. Using the information obtained by CFD, aerodynamic

model of preliminary level has been constructed and is reviewed. Some relevant comparison with

wind tunnel tests are presented.
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RAYTHEON VALIDATION - SIDE JET EFFECT
( M=3.0, H=20Km, ADA=20", T/qS=1 )

Normal Force Coeff.

ADD Reytheon Exp.

Tare 4.17 3.73 4.36

Upward 8ide Jet 3.15 2.17 3.37
Downward Side Jet 4.80 4.56 4.64

Fig. 2 Mach Contour in Plane of Symmetry
(Plate Jet Case Validation)
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Fig. 3 Veloc1ty Vectors and Total Pressure
Contour in downstream crossflow section at X/D
= 10 and 15 (Plate Jet Case Validation)
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Fig. 4 Surface Pressure Contour
(Mach 2.3, H=10Km, @®=30°)
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Fig. 5 Effect of Pressure Ratio Increment
(Mach 2.3, @=5°, H=5/10/15/20Km)
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Fig. 6 Effect of Jet Circumferential Position
(Mach 2.3, aca=5°, H=10Km)
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Fig. 7 Effect of Simultaneous Jet Firing (Mach
2.3, @=5° H=10Km)
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Fig. 8 Jet Trajectories
(Mach 2.3, o=-10°, H=10Km)
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Fig. 11 Jet Vortical Structure (@=5°)
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K, = jet effectiveness factor for C,
C;= normal force coefficient

ACZ = Cz(un'thjet) - Cz(un‘thautjet)
T=total jet thrust

QS = dynamic pressure - reference area

G FPF A FAHA9 dAEN 7 3
golg e Ao 428 2329 ANE FE/o)EE
A2] BHAF] AolE o] &3 AERLAF(K;)

Aaxgozn 238 AEe 9dFL Y 5
K;e wegzh AE ¢k v, AES T4
g 9A, $AF% AEY AF 9 F5=2
oz IR F3AE RUL FAYL & Aok
A Az B olde FATY A 9T &
8 FEAY AAE oY F Jon F3Y o
9o gejel Y3} EHE HEESO dHNE HE
7t& 3kt

o oy
£
AN

r B
XNoegh &

3.2 st 4t =2 (Downstream Interaction)

A A 8T FA-Z2FEN FAHY HHg 4
ozl &F FEE ol&dtd XFEA HI9
crossflow HAAM 9 AE 7o A9} AEE
A& % & Nielsen[4] 59] Aj¢tst whdo] et =%
g e WaE AMEE IF dxEE 2dS
TFA&Ar. 29 12 132 FAE &7 Axde ®
4 53 A2d 3 A5 FA&HY A9 F
2234 AHREE HES de F3FH A
& Ztzt x'y 4 WA Ay 9% 29 of
#AZE e dEte] wlmg Aoty -30°¢F +30°&
AL oo F AFst vy LA, TEH
ulatgl kg W] ZANA 2F Y =FEF4 W
Az ¥sle] disty Z3¥ 4gg 2d4dFT F 3l
o},

—= F—

i Mach 2.3/ He10KM/ §,.,m0°1 &, m45*
|

h
SJ ‘modei{without jet)
07
modeiwith,

Fig. 12 Upper Tail Lift Comparison
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Fig. 13 Lower Tail Lift Comparison
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JET EFFECTIVENESS FACTOR
EXTRACTED FOR BODY-ALONE CONFIG.
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Fig. 14 W/T Result Comparison
(Jet Effectiveness Factor, Kz)

JET EFFECTIVENESS FACTOR
EXTRACTED FOR BODY-ALONE CONFIG.
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Fig. 15 W/T Result Comparison
(Jet Effectiveness Factor, Km)
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Fig. 16 Model Performance Evaluation
{Mach 2.3, H=10Km, 1 nozzle)
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Fig. 17 Model Performance Evaluation
{Mach 2.3, H=10Km, 4 nozzles)
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