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The Effect of Gas Thermochemical Model on the Flowfield of
Supersonic Rocket in Propulsive Flight

Hwan-Seok Choi*

ABSTRACT

An integrated analysis of kerosine/LOX based KSR-III rocket body/plume flowfield has been performed. The
analysis has been executed employing three kind of gas thermo-chemical models including calorically perfect gas,
multiple species chemically reacting gas, and chemically frozen gas models and their effect on rocket flowfield
has been accessed to provide the most appropriate gas thermo-chemical model which meets a specific purpose of
performing rocket body and plume analysis. The finite-rate chemically reacting flow solution exhibited higher
temperature throughout the flowfield than other gas models due to the increased combustion gas temperature
caused by the chemical reactions within the nozzle. All the reactions were dominated only in the shear layer
and behind the barrel shock reflection region where the gas temperature is high and the effect of finite-rate
chemical reactions on the flowfield was found to be minor. However, the present plume computation including

finite-rate chemical reactions revealed major reactions occurring in the plume and their reaction mechanisms and

as well.
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Table 1. Elementary reactions considered and
Arrehenius coefficients for forward
reaction rates

Elementary A 3 Ea
Reactions [mol,cm,sec] [cal/mol]

20'M < O#M [120E+17 [-1.00] 0
Hu(240), HO(5.40), COML.75), COA3.60
O+H+M < OH*M [5.00E+17 [-100] 0
H.(2.00), H,0(6.00), CO(1.50), CO:(2.00)
3| O+H,— HOH [387E+04]2.70 | 6,260
4 | HO; = O + OH |265E+16 |-0.70] 17,041
- [H-OHM < 1L0+M [220E+22 |-2.00] 0
H:(0.73), H,O(365)
OH+He — HAHO [2.16E+08 | 151 | 3430
7] 20H < O'HO [357E+04 | 240 | 2110

2HM < M [1.00E+18 [-1.00] 0
H(0.00), HO(0.00), COA(0.00)
9 | 2HH <2 [9.00E+16 [-060] 0
10] 2HHO < Hy+HO [6.00E+19 [-1.20] 0
11] 2H+CO: < [2COs [5.50E+20 [-2.00] 0
0+COM < COx+M [LROE+10 | 0.00 | 2,385
H(2.00), 0,(6.00), HO(6,00), CO(1L50), COA350)
13] 0200 > 0+CO; [250E+12 | 0.00 [ 47,800
114 OHCO — H+CO: [476E+07 [ 123 ] 70
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Fig. 1 Computational grid for rocket propulsive
flowfield analysis
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