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A DSMC Technique for the Analysis of Chemical Reactions
in Hypersonic Rarefied Flows

C. H. Chung and S. J. Yoon

A Direct simulation Monte-Carlo (DSMC) code is developed, which employs the Monte-Carlo

statistical sampling technique to investigate hypersonic rarefied gas flows accompanying chemical

reactions.

The DSMC method is a numerical simulation technique for analyzing the Boltzmann equation

by modeling a real gas flow using a representative set of molecules. Due to the limitations in

computational requirements, the present method is applied to a flow around a simple two-dimensional

object in exit velocity of 7.6 km/sec at an altitude of 90 km. For the calculation of chemical reactions

an air model with five species (O N, O, N, NO) and 19 chemical reactions is employed. The

simulated result showed various rarefaction effects in the hypersonic flow with chemical reactions.
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Table 1. Molecular parameters

@p Twt(K) |d, (x 10"°m)
O, 0.1660 1,000 3.4060
N 0.2250 1,000 3.5760
O 0.2580 1,000 2.9530
N 0.2860 1,000 2.9370
NO 0.2410 1,000 3.4800
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Table 2. Freestream condition

Velocity 7630 m/s
Density 3.42% 1078 kg/m’
Temperature 188 K

20.9% O
Composition 78.7% N

04% O
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Table 3. Chemical reaction model.

Rate Coefficient

No. Reaction (Energy in J) R(T) = aT’exp(—E4/kT)

aT? —E lk
1 O +N +8197x107% - 20+ N 5.993% 10~ T? -59370
2 O, + NO + 8197x 10™¥ — 20 + NO 5993x 1072 T' -59370
3 O +Np +8197x 107% — 20 + N, 1.198% 1071 T' 59370
4 O, + 02 +8197%107¥ — 20 + O, 5393x 1071 T? -59370
5 O +O +8197% 1079 - 20 + O 1.498% 10710 T* 59370
6 N +O +1561x107® - 2N + O 3187x 1078 T®® -113000
7 N2 + O +1561x 1078 > 2N + O, 3187x 1078 T -113000
8 N2 + NO + 1561x 10”% — 2N + NO 3.187x 108 T* -113000
9 N2 + Nz +1561x 10°® —» 2N + N, 7.968% 107 % T* -113000
10 N +N + 1561x107% — 2N + N 6.900x 1078 T*° 113000
11 NO +N; +1043x10°® >N +0+N; 6.590% 10”0 T® -75550
12 NO+Q +103x{0® >N +0+0; 6.590% 1071 T 75550
13 NO + NO + 1.043x 107 - N + O + NO 1.318x 1078 T -75550
14 NO+0O +1043x10°® = N +O0+0 1.318x 1078 T™ -75550
15 NO +N +1043x10™® - N +O0+N 1.318x 1078 T'° -75550
16 NO+0O +2719x10™® - O, + N 5279 1072 T'O -19700
17 N +O +5175x107% — NO+ N 1.120% 107 -37500
18 O, + N +2719x 107 — NO+ O 1.598x 10~ % T -3600
19 NO + N +5175x 1079 —» N+ O 2490 19~V
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(a) Translational temperature.

(c) Vibrational temperature. (d) Overall temperature.

Fig. 4 Temperature contours.
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