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Analysis of viscous, nonequilibrium, hypersonic flow induced by free piston driven shock tunnel
by
Tetsuya MISAWA, Hiroyuki OGAWA, and Toshi FUJIWARA

ABSTRACT

Numerical analyses are given to viscous, non-equilibrium, and hypersonic flows over an experimental

model placed in a free-piston shock tunnel (Staker Tube).

It is found out that the Staker Tube

produces vibrationaly and electronlly excited, and chemically frozen flows. The equations governing
the flows are solved efficiently using solution-adaptive unstructured grids. Comparison gives a good

agreement between the numerical and experimental results.
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# 1: Two-temperature chemical reaction model by Park

Reactions q Ey.i

0:+M; =20+M, 0.5 5.595 x 104
No +M; =2N 4+ M, 0.5 1.132 x 105
NO4+M3;=N+O+Mz 0.5 7.550 x 10*
O+NO=N+0, 1.0 1.945 x 10*
O+N,=N+NO 1.0 3.840 x 10*
0§ +0=0,+0% 1.0 1.800 x 10*
NO*+0=NO+0%* 1.0 5.100 x 10*
N:4+0* =N} 40 1.0 2.280 x 10*
NO* +N=0+N} 1.0 3.500 x 10*
NO*+0,=NO+0F 1.0 3.260x 10*
NO*+0=N*40, 1.0 7.720 x 10*
O +N=N'40, 1.0 2.860 x 104
Ot +NO=N* 40, 1.0 2.660 x 10*
O +Na=N} 40, 1.0 4.070 x 10*
NOt +N=0* 4N, 1.0 1.280 x 104
NO* +0=0f +N 1.0 4.860 x 10
N+ 0 =NO* + 2" 1.0 3.190 x 104
0+0=0% 42" 1.0 8.060 x 10*
N+ N=Nf 42" 1.0 6.750 x 10*
O+e” =0% 42 0.0 1.585 x 10°
N+4e =Nt 42~ 0.0 1.686 x 10°

My = Ny + Oy + 5N + 50 + NO+ N§ + OF + 5N* 4+ 50* + NO*
M, = Nz + O3 + 4.20N + 4.290 + NO + N + O} 4 4.29N* 4
4.290% + NO* + 1714e-

M3 = N2+02+22N+220+22N0+N2* +0F +22N* 42201 +NO*
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