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Abstract: Attack angle is a most important factor that affect the stability of aircraft no matter for
supersonic type or hypersonic type aircraft. And height is another factor that will affect the force
and moment of the whole dynamic system by change the density of air and finally it will also affect
the stability of the whole system. So in this paper a kind of virtual flying with fixed attack angle and
height is proposed to testify the rightness of the hypersonic aircraft model and air coefficient. It is a
new and meaningful model testifying method for complex flying systems.

Introduction

The fixed height flying test is an usual effective measure for traditional non- hypersonic aircraft,
because it can avoid the changes of the air density caused by the changes of the height!?. Then
pressure varies, lead to the changes of the stress on aircraft. We can verify the aircraft’s dynamic
character accurately in the fixed height nearby through the fixed height flying test!*". The change
of aerodynamic force caused by the change of height is vital part of the interferences. But for
hypersonic aircraft, its influence is not exceeding the engine and the changes of the elastics’ ®. So
this paper does the fixed height simulation based on the fixed attack angle. The results indicate the
characteristic of hypersonic aircraft mentioned above.

Model Description

Considering the elastic shape structure, a kind of pitch channel hypersonic aircraft model built
according to Lagrange equation is released by USA air force as followed:
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And V is speed, yis the speed angle,« is attack angle,Qis the attitude angle speed, h is the
height. ¢ is the oil supplying factor, ¢, isthe duck wing and o, is the lift rudder.

Simulation settings of free flying

In order to testify the rightness of the model of hypersonic aircraft, choose a initial height as
h, =85000*0.3048, initial speed as V, = 7846*0.3048 , initial attack angle as «, =0.0174, and

other initial state as:
7%,=0 , ¢q,=0 , 1, =0.4588*0.3048*14.59 , 7p,,=-0.08726*0.3048*14.59

13, =—0.03671*%0.3048*14.59 , and set the oil supplying law as constant as ¢=¢, =0.1 and
choose the control as &, =0, then the fixed attack angle and height flying test can be done by numerical

simulation tomake ¢ =0, h=0 , and simulation time is set as 0.5 second.

Numerical Simulation and result analysis

With above model and air coefficients and set initial condition as above paragraph and write a
program with m language in Matlab software, then the simulation can be done and simulation
results can be shown as following figures.
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Fig 1 The curve of attack angle Fig 2 The curve of the height
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Fig 3 The curve of speed Fig 4 The curve of speed angle
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Fig 5 The curve of oil supplying factor Fig 6 The curve of thrust
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Fig 7 The curve of resistance Fig 8 The state of first elastic shape
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Fig 9 The state of second elastic shape Fig 10 The state of third elastic shape

The trajectory dip angle also disperses on the fixed attack angle and height flying at 0.5s. It
caused by dispersion of elastic deformation of projectile bodies, but the low speed missile does not
emerge this situation. Height and dip angle of trajectory all disperse slowly in the fixed attack angle
slow speed missile flying. But the variety of elastic form of projectile bodies is not obvious. It
indicates elastic form is affected by the other factors on the fixed attack angle flying, this fits the
mathematic model well.

The fixed attack angle and height flying of hypersonic aircraft is faster than the dispersion of
posture of aircraft and elastic form. So we can see posture of aircraft and elastic form of hypersonic
aircraft have the functions as the auto-stability and self-calibration. But this function will be
vanished, if the attack angle is set as constant. In some situations, the shaking of attack angle has a
beneficial effect to the system, because elastic form exists .

Conclusion

The fixed attack angle and height flying of hypersonic aircraft is stability basically on 0.5s
through the curves above. So the model of aircraft can be verified stability basically, to accomplish
verifying the model preliminarily. But elastic form of engine body of hypersonic aircraft disperses
quickly, it causes the stress increasing rapidly and then the posture disperses fast. It has the
differences in substance with the traditional hypersonic aircraft. The traditional fixed attack angle
hypersonic aircraft and subsonic aircraft can fly stably with the posture and height keeping in the
certain range working above 2s. At the same time, the influence of the changing of the elastic form
for the system’s stability is more intense than the height for the interference in short time in the
dynamic process of the hypersonic aircraft.
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