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A numerical study on the chemically reacting flow at highly
altitude
o & 5* PR I B I R
Jin-Ho Lee, Hyun-Woo Kim, Sung-Yeun, Won
ABSTRACT

In this paper the upwind flux difference splitting Navier-Stokes method has been applied to study
quasi one-dimensional nozzle flow and axisymmetric sphere-cone(5’) flow for the perfect gas, the
equilibrium and the nonequilibrium chemically reacting hypersonic flow.

The effective gamma( 7), enthalpy to internal energy ratio was used to couple chemistry with the
fluid mechanics for equilibrium chemically reacting air. The influences of the various altitude(30Km,
50Km) at Mach number(15.0, 20.0) were investigated. The equilibrium shock position was located
farthest downstream when compared with those of perfect gas in a quasi one~dimensional nozzle. The
equilibrium shock thickness over the blunt body region was much thinner than that of perfect gas

shock.

Z971%80] : hypersonic flow(Z%&% #-%), perfect gas(o|371A), altitude(3%), Mach number(7}s}F)
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[ 1] BlottnerS2| 7 species-18 reaction &H&tttSH|

[F 2] Test Cases Freestream Condition

o 2248 species :
0,, N,, NO, O, NO*, N, ¢

o 3}8hike-4 ¢

1.0y+0,=20+ 0,  2.0:+Ny=20+N,
3.0,4+NO=20+NO  4.0,+0=20+0
5.0,+N=20+N 6. Ny + 0,= 2N+ O,
1.N+N,=2N+N,  8.N;+NO=2N+ NO
9.N;+ 0=2N+0 10.N;+ N=2N+N
11.NO+ 0, =N+ 0+ 0; 12.NO+Ny=N+0+N,
13.NO+NO= N+ O+ NO 14.NO+ O=N+ 0+ 0
15.NO+N=N+0+N  16.NO+0=0,+N

17.N,+ O= NO+ N 18.N+O0=NO"+e~

k= CT% &/ a17)

B AFors § 19 denlet Zo] Blottners
(1971)9] 7 species - 18 reaction equations Zd-&
A3l F719] slshke-EAS ARG

5 i ¥ a3
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(divergent nozzle, 18 1)o] disl| HIPRACEE=
S g SFHel] AFHoR A% T4}
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o] Z-&3Act

O% 2a%} 2be SAV)A F=9 ARAEE HF3)
7] 918k NACA-11359 Hoffmanno] A3t 2
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TEkm) | gePa) | YEkgm?) | 2EK
30 119045 | 183 x 102 | 2274
40 28698 | 398 x 102 | 251.0
50 7974 | 114 x 102 | 2699
70 45 |8756 x 10| 2178
4 i

' |
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[2& 1] The test case diverging nozzle geometry

ol FY3 A3 TEFe] S(x) = 1398 +
0.347 tanh (08x - 4 FAI a1 Sd=Z9]
&2 Tl vlag 1otk ARAL 4xE 022
A3 sl 5170 FAISFETE

39 228 28% UM M. =15 »=1000Ib/tt,
0 = 0.00237slugs/ft)) 8k OF&& T p,= 245961bf/4t?)
o tisle] H83 Arjoln, TelA K ule} 2o
SA7H M= NACA-11BAEE o]g3le] 3143
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[22] 2] Comparison of pressure distribution (a) at
supersonic inflow and subsonic outflow and
(b) at supersonic inflow and supersonic

outflow
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[22 3] Comparison of (a) Pressure and (b) Density
{c) Temperature distribution among Perfect
gas, Equilibrium and Non- equilibrium Gas
at Mach 15 and Altitude 30Km
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