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A NUMERICAL STUDY ON THE CHARACTERISTICS OF ASYMMETRIC VORTICES
AND SIDE FORCES ON SLENDER BODIES AT HIGH ANGLES OF ATTACK

SK. Jungl, JH. Jung', R.S. Myong*z,

and T.H. Cho

Flow around a guided missile in high maneuver, ie. at a high angle of attack, shows complex phenomena. It
is well known that even in geometrically symmetric conditions the flow around a missile at high angles of attack
can generate unexpected large side forces and yaw moments due to asymmetric vortices. In this paper, a CFD code
(FLUENT) based on the Navier-Stokes equations was used for the numerical analysis to find a suitable numerical
mechanism for generation of asymmetric vortices. It is shown that a numerical technique of applying different
surface roughness to a specific area of the missile nose surface gives the best fit in comparison with the
experimental results. In addition, a numerical investigation of variations of side forces and pressure distributions
with angle of attack and roll angle was conducted for the purpose of identifying the source of vortex asymmetries.

Key Words: 3% 37]98(High Angle of Attack Aerodynamics), W]t ©}-F{Asymmetric Vortices), =% Zl5(Side Force
Coefficient), W 72 7)(Surface Roughness), I+ E9H34d(Convective Instability)
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Fig. 3 Computed and measured surface pressure distributions
at cross-section x/D=6.0 with symmetric configuration

(x/D=6.0, M .=0.2, a=30" , Re ,=3.0x10°%)
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Fig. 7 Asymmetric roughness area and definition of roll
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Fig. 8 Surface pressure distributions with asymmetric disturbances

(x/D=6.0, M =0.2, a=30" , Re;=3.0x10%)
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Fig. 9 Surface pressure distributions with asymmetric disturbances
(x/D=3.5, M=0.2, @=30" , Re p=3.0x10°)
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Fig. 10 Surface pressure distributions with asymmetric disturbances
(x/D=2.0, M.=0.2,0=30" , Re=3.0x10°)
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Fig. 12 Side force vs roll angle (a=42" )
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Fig. 15 Pressure distribution and streamlines
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