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Numerical investigation of lateral jet interaction effects on aerodynamic
behavior of a supersonic projectile
Mohammad Bozorgian, Mustafa Hadidoolabi , Abbas Tarabi
Malek Ashtar University of Technology, Tehran, Iran.
*P.0.B. 15875-1774 Tehran, Iran, mhadidoolabi@mut.ac.ir
ARTICLE INFORMATION ABSTRACT
Original Research Paper Lateral jet control systems are being considered as attractive alternatives to conventional control
Received 25 December 2016 systems in recent years. In present study which is divided in two parts, the effects of lateral jet
Accepted 05 March 2017 interaction with supersonic cross flow on aerodynamic behavior of a standard projectile at zero angle of

Available Online 29 April 2017 attack has been studied numerically. In the first part, results of the effects of parameters such as jet

location, Mach number and nozzle type on pressure coefficient drag coefficient drag force and pressure

E;m;rf:t distribution on the fins are presented and analyzed. In the second part, longitudinal static and dynamic

Interaction stability coefficients of the projectile in presence of lateral jet haves been achieved and evaluated

Supersonic aerodynamic according to the mentioned parameters. According to the results, jet location is the most effective

,S\“gg'l'efy parameter. In the first part, the pressure distribution on the fins is considerably dependent on jet
location. Effect of Mach number on pressure coefficient, drag force and drag coefficient is also
significant. Besides variation of the pressure distribution on the fins becomes more obvious at the final
locations by variation of Mach number. In the second part, lateral jet effect leads to decreasing
longitudinal static stability. Increasing the Mach number also results in decreasing longitudinal dynamic
stability and jet displacement make nonlinear behavior over pitch damping moment coefficient,
therefore choosing proper jet location is dependent on desired parameters of designer. According to the
results, effect of nozzle type has been insignificant for all cases.
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! Jet plume

2 Reflected shock

* Body of revolution

* Jet bow shock
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® Recompression shock
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Fig. 7 Mesh for computational domain in presence of converging
nozzle at F2 location: (a) Symmetry plane of computational domain, (b)
Mesh around model, (c) Density box around nozzle exit, (d) Nozzle exit
and boundary layer
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Table 4 Unsteady computation conditions
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F (H2) At (s) k A (deg) i N Flo dae
541 1.8475-107° 0.1 0.25 25 100 15
902 1.1085107° 0.1 0.25 25 100 2.5
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« Mo locaton 2] ¢ T Do Table 5 Grid study results
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Fig. 10 Pressure coefficient diagram due to the jet locations in presence
of converging nozzle at Mach 1.5 and 2.5
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Fig. 11 Nozzle type effect on pressure coefficient in presence of
converging nozzle at Mach 1.5
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Normalized Pressure

Normalized Pressure

Fig. 13 Normalized pressure distribution contour on the fins: Mach 1.5
at the right hand side and Mach 2.5 at the left hand side (jet location
from up to down in series: F2, FO, R2, R3)
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Fig. 14 Results of k; and k., at Mach 1.5 and 2.5 duo to the jet location
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Fig. 12 Drag force and drag coefficient Results for Converging Nozzle
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Table 6 Results of JI normal force on the fins in presence of
converging nozzle at Mach 1.5

P}'i (N) tlosae o ol
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F2
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FO
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C, +C,. C,, +C,.
mq ] ma Cmq + C‘ma m'q ma ttﬂ sae
(275 ) (CFD++) (rol> Ja2g3)
-420.7 -437.65 -491.41 1.5
-290.5 -290.2 -311.44 2.5
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Fig. 16 Variation of a and C,,, as a function of time: (a) Variation of
as a function of time, (b) Variation of C,, as a function of time
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Fig. 17 Variation of C,,, duo to a: (a) Variation of C,, duo to a for
k=0.1 by variation of A, (b) Variation of C,,, duo to a for A=0.25 by
variation of k
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Table 8 Results for effect of time step and inner iteration on pitch
damping moment coefficient

Com, + Gy, i N
-504.22 20 100
-507.18 25 100
-508.40 35 100
-509.18 50 100
-506.08 20 200
-507.24 35 200
-507.36 50 200

29EES sy 4l 2alS il 5 g g o3l 53l @l 9 Jeur

Table 9 Results for effect of amplitude and reduced frequency on pitch
damping moment coefficient

Cmy + G, A (deg) ktt b olSe
-507.18 0.25 0.1 F2
-507.53 0.5 0.1 F2
-507.78 1.0 0.1 F2
-421.32 0.25 0.2 F2
-395.50 0.25 0.4 F2
-412.31 0.25 0.1 R2
-406.37 0.5 0.1 R2
-405.06 1.0 0.1 R2
-373.15 0.25 0.2 R2
-372.14 0.25 0.4 R2

k e b o ,obess gsil)t‘ oD S oy 10 Jou=
Table 10 Pitch damping moment coefficient variation percent by
variation of k

Cmq-I-Cmd)#;J_\.p)a K s Js3b o
17% 0.1 - 0.2 F2
6% 02 - 04 F2
9.5% 0.1- 0.2 R2
0.2% 02- 04 R2
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Fig. 18 Pitch damping moment coefficient Variation duo to location of Converging Nozzle (C Nozzle) and Converging-Diverging Nozzle (CD

Nozzle) in comparison with jet-off experimental results
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