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Numerical Simulation of Aircraft Response to Control Surface
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In this paper, computational techniques required for the unsteady simulation of the dynamic flight control of a
maneuvering airplane are discussed. An unstructured dynamic mesh method to treat the change of the attitude angle
of the airplane and the deflection angle of the control surface, such as a horizontal tail wing, is developed. To evaluate
the capability of the method, the method is applied to simulations of response to the angle change of control surface

of NAL experimental supersonic airplane.
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Fig. 1 Spring analogy
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Fig. 2 Determination of spring coefficients at a triangle
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Fig. 3 Squashed mesh

Fig. 4 Determination of spring coefficients at a tetrahedron
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Fig. 5 Mapping of surface
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(a) Computational Grid
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k (b) Close-up view near the horizontal tail wing
Fig. 6 Computational grid of an experimental supersonic airplane
of the National Aerospace Laboratory of Japan
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Fig. 7 Surface grid cut out near the horizontal tail wing and its
patch
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(b) Patch grid

Fig. 8 Grids transformed to the two-dimensional parameter
domain
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Fig. 9 Grid moved on a parameter domain

Fig. 10 Grid transformed back to the three-dimensional surface
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(a) Before grid movement
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(b) After grid movement
Fig. 11 Surface grid movement: Close-up views near the
horizontal tail wing
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Fig. 12 Variations of the lift coefficients and pitching moment

coefficients by angle of attack

* by courtesy of the aerodynamic group of NAL’s scaled

experimental SST project
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(b) a0a=4° and p=-5°
(moved from the state of Fig. 13(a) using dynamic mesh method)

Fig. 13 Computational results: Contours of Mach number ( M,=
2.0 ) aoa : angle of attack, B : deflection angle of the horizontal tail
wing
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Fig. 14 Variations of the lift coefficients and pitching moment
coefficients by the deflection angle of the horizontal tail wing
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