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Flight vehicles such as tangent-ogive-cylinders encounter frequently high angles of attack flight conditions. Under
very high angles of attack flight conditions, asymmetric vortices and side force are generated causing unwanted side
slip forces and moments, and thus additional yaw control methods may have to be required for stable vehicle
operation(1)(2)(3). The flow characteristics of asymmetric vortex and side force of tangent-ogive-cylinder flight
vehicle at high angles of attack have been studied by using upwind Navier-Stokes method with the k-o turbulence
model(4) along with simple laminar-turbulent transition model(5). In this study, the asymmetric vortex and side force
were introduced by using artificially different asymmetric turbulent transition location. And the effects of changing
angles of attack(Fig. 1) are studied by using the same asymmetric turbulent transition condition and modified condition
by streamwise Reynoldes number(6).
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Fig.1 Comparison of local side force coefficient distribution

References

Keener, E.R. and Chapman, G.T., “Onset of Aerodynamic Side Forces at Zero Sideslip on Symmetric Forebodies at
High Angles of Attack,” AIAA Paper No. 74-770, (1974).

Ross, H. M. and O’Rourke, M. J., “Exploratory Investigation of Forebody Strakes for Yaw Control of a Generic Fighter
With a Symmetric 60° Half-Angle Chine Forebody,” NASA Technical Paper 3604, (1997).

Hunt, B.L., “Asymmetric Vortex Forces and Wakes on Slender Bodies,” AIAA Paper No. 82-1336, (1982).

Kim, S. D. and Song, D. J., "The Numerical Study on The Supersonic Inlet Flow Field with a Bump," KSCFE - Volume
10 Number 3, (2005)

Gostelow, J. P., Blunden, A. R. and Walker, G. J., "Effect of Free-Stream Turbulence and Adverse Pressure Gradients on
Boundary Layer Transition, “ASME J. of Turbomachinery”, Vol. 116, pp. 302~404, (1994)

Reding, J. P. and Ericsson L.E., “Maximum Side Forces and Associated Yawing Moments on Slender Bodies,” AIAA
Paper No. 79-1647, (1979)



