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Numerical study of aerodynamic drag reduction of blunt nose with hybrid of
spike and axial and lateral jet injection
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ARTICLE INFORMATION ABSTRACT

Original Research Paper One of the main challenges existing in the field of missile aerodynamics is how to reduce the
Received 03 April 2016 aerodynamic drag of aerospace vehicles through different mechanisms. Thus far, many investigations
Accepted 30 May 2016 have been performed to determine the performance and influence of various parameters on the

Available Online 20 July 2016 effectiveness of these mechanisms. The challenge is particularly more pronounced in missiles with a

blunt nose. The aim of this study is to reduce the aerodynamic drag of such missiles using hybrid

i?;mi:::r'nic Drag reduction employment of mounted spike at the stagnation point of the nose in addition to jet injection at different

Blunt nose positions on the spike. To this aim, spike and jet injection configurations are extracted from the

Numerical analysis literature. Jet injection is considered in the sonic regime and perpendicular to the surface of spike. All

Jet injection analyses are performed using Fluent software along with Navier-Stokes equations for compressible and

Spike three-dimensional flow in both steady and unsteady states considering free stream at a Mach number of
1.89 and different angles of attach. Since the numerical simulation of these models requires high
processing speed and memory, parallel processing system is employed. Additionally, structure grid and
k -0 -SST turbulence models are utilized. Results indicate that a significant drop in the drag is achieved
using the hybrid utilization of jet injection and spike.
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Fig. 9 Influence of steady and unsteady state on jet development: (a)
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(P=14) LL a4 (b) (P=5) 1,38 a3 (3) ‘e Bsis (g5, 1,35 5 LL <> b9 Jsiis

06

[ —{0O—— Without Momentum
0.55 :- —O—— With Momentum

05 -
045 -
s 04 -
035 -
03 -
0.25 -

02f

1 1
5 10 15
3

Fig. 10 The axial force coefficient of Case 5 versus P at zero angle of
attack and D=7.6
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Fig. 13 Comparison of the normal force coefficient versus angle of
attack for M=1.89 and various locations of jet injection
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Fig. 14 Comparison of the pitching moment coefficient versus angle of
attack for M=1.89 and various locations of jet injection
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Fig. 12 Mach contours in various locations of jet injection for P=6.54,
D=7.6 and zero angle of attack
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Fig. 17 Pressure contours in various locations of jet injection for
P=6.54, D=7.6 and zero angle of attack
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Fig. 15 Comparison of the axial force coefficient versus angle of attack

for M=1.89 and various locations of jet injection
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Fig. 19 Comparison of the normal force coefficient versus angle of
attack for M=1.89 and various cases
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Fig. 20 Comparison of the pitching moment coefficient versus angle of
attack for M=1.89 and various cases
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Table 3 Percentage of the axial force reduction using hybrid of jet
injection and Spike
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Fig. 18 Comparison of the axial force coefficient versus angle of attack
for M=1.89 and various cases
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