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An Optimal Aerodynamic and RCS Design of a Cruise Missile
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ABSTRACT

A cruise missile uses wings and a jet engine like an airplane to reach the target after
cruising a considerable distance. An integrated design of a cruise missile based on radar cross
section (RCS) reduction and enhanced aerodynamic performance is indispensable, since it must
be able to fly long-distance at subsonic speed without being detected by enemy radar. In this
study, we designed a Taurus-type cruise missile and analyzed its RCS and aerodynamic
characteristics using the physical optics (PO) technique and the Navier-Stokes CFD code. As a
result, we obtained the optimal shape of cruise missile with improved aerodynamic
performance and reduced RCS.
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Fig. 1.

A model similar to Taurus missile
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Table 1. RCS analysis conditions
Parameters Conditions
Frequency 10 GHz
Radar Type Monostatic Radar
Polarization VV-Polarization
Azimuth Angle 0°-360° (Interval 1°)
Elevation Angle 90° (xy Plane)
Fig. 3. Grids for Taurus—-type missile
(3,131,164 polyhedra cell)
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Fig. 4. Grids of previous—tested missile (Fluent)
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Table 29} o] =Ao] W& oF 299 IFS
<0171 flgte] dHelHs® <4< Run Orders

O 2 1B o mx

Table 2. RCS and aerodynamic input for optimum shape

Std order | Run order [[E);g] [[I)JeQQ] [[I)De?’g] [[%4@] Co CL L/D RCS

9 1 20 0 0 0 0.0230 0.0006 0.026087 -14.6659
1 2 35 0 0 0 0.0233 0.0004 0.017167 -14.59

5 3 50 0 0 0 0.0234 0.0003 0.012821 -13.2021
8 4 35 5 0 0 0.0286 -0.005 -0.17483 -14.8995
2 5 35 10 0 0 0.0242 -0.005 -0.20661 -13.9436
3 6 35 0 -5 0 0.0233 0.0004 0.017167 -15.2305
6 7 35 0 -10 0 0.0233 0.0004 0.017167 -16.6745
4 8 35 0 0 -5 0.0233 0.0004 0.017167 -14.253

7 9 35 0 0 5 0.0233 0.0004 0.017167 -13.8858
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Fig. 17. Aerodynamic characteristics of the
optimized missile
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Table 3. Change in aerodynamic and RCS data in optimized shape compared to reference shape

Reference configuration vs optimized configuration
. . Change Change Change RCS Change
Configuration C (%) Co (%) L/D (%) | (dBsm) | (%)
Reference 0.0324 - 0.2062 - 0.1569 - 807 -
(Taurus missile)
Optimized 0.03 -8 0.1356 -52 0.4427 29 -16.53 -105
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