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Abstract With the increasing of flight Mach number, the high-temperature gas effect of air has becoming remarkable,
which has significant impacts on the aerodynamics and aerothermodynamic characteristics of hypersonic vehicles. Be
cause of the complex mechanism and numerous key parameters of high-temperature gas effect, it has not been ful
studied at home and abroad. When the high-temperature gas effect occurs, multiple nonlinear physical processes are cc
pled together. However, ground tests and numerical simulations can not decouple these processes and can not explain t
key physical mechanisms. To solve this problem, a new two-step asymptotic approximation method combining theoretic
analysis and numerical simulation is proposed. In this method, the oblique shock relation with vibration exdietion e

is obtained by Newton iterative method, then the results are used as the boundary conditions of the boundary layer an
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it is solved numerically. By using this method, the effect of vibration excitation on the aerodynamics and aerothermody-
namic characteristics of a two dimensional wedge is studied. The results show that, the vibration excitation process ha
great dfect on the shock angle, the temperature, density, Mach number, and Reynolds number behind the oblique shock
but little influence on the pressure and velocity. The inviscid flow behind the oblique shock is coupled together with the
boundary layer flow. The changes of multiple physical quantities, including the increase of velocity and the decrease of
the temperature behind the oblique shock, and the decrease of the boundary layer thickness due to the increase of tl
Reynolds number, have affect on the friction and aerodynamic heating in the boundary layer. Comparing with perfect
gas model, vibration excitation increases the wall friction and decreases the wall heat flux of the wedge. By influencing
the shock layer and the boundary layer respectively, ffeets of vibration excitation on heat flux are strong coupled,
while they are weak coupled on friction.
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Table 2 Temperature gradient and heat flux at wak éf150 mm

Tma/K  Yirmaymm  (dT/dy)w/(Km™)  ke/(W-mHK™)  qu/(kW-m™2)
perfect gas 2390 0.86 2.619%410° 7.370 %1072 193.07
vibration excitation 2278 0.87 2.276Q0P 8.858 (<1072 201.60
difference —4.69% 1.16% -13.11% 20.18% 4.42%
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Table3 Velocity gradient and friction at wall of = 150 mm

o/mm (dJ/dY)N/Sil Hw/(Pas) w/Pa
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Fig.9 Comparisomf temperature contour of wedge of perfect gas (a)

and vibration excitation (b)
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Table 4 Aerodynamic and aerothermodynamic characteristics

of wedge atx = 150 mm

Cp Tw/Pa  Gu/(KW-m2)
perfect gas 0.649 118.43 194.14
vibration excitation 0.629 122.51 188.14
difference -3.08% 3.45% -3.09%
results in Fig.8 -3.11% 2.85% -3.46%
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