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Numerical Analysis of Rocket Exhaust Plume with
Equilibrium Chemistry and Thermal Radiation

Jae-Ryul Shin* - Jeong-Yeol Choi** - Hwan-Seck Choi***

ABSTRACT

Numerical study is carried out to investigate the effects of chemistry and thermal radiation on the
rocket plume flow field at various altitudes. Navier-Stokes equations for compressible flows were
solved by a fully-implicit TVD code based on the finite volume method. An infinitely fast chemistry
module for hydrocarbon mixture with detailed thermo-chemical properties and a thermal radiation
module for optically thick media were incorporated with the fluid dynamics code. The plume flow
fields of a kerosene-fueled rocket flying at Mach number zero at sea-level, 1.16 at altitude of 5.06
km and 290 at 17.34 km were numerically analyzed. Results showed the plume structures at
different altitude conditions with the effects of chemistry and radiation. It is understood that the
excess temperature by the chemical reactions in the exhaust gas may not be ignored in the view
point of propulsion performance and thermal protection of the rocket base, especially at higher
altitude conditions.
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Fig. 1 Different color and shape of plume; a) SSME
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Engine (LOx/Kerosene)
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Table 1. Temperature and sSpecies composition
in combustor.

Present NASA CEA-II
Temperature(K) 3390.48 3390.39
Zmo 0.29755 0.29754
T co, 0.11662 0.11661
Zco 0.36010 0.36010
Zon 0.05059 0.05057
To, 0.01027 0.01026
Th, 0.11327 0.11328
Zo 0.01011 0.01010
Ty 0.04149 0.04148
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Table 2. Zone name and grid size.

Block | Computing Domain | Grid Size
A Nozzle interior 81x30
B Recirculation 51x31
C External inflow 51x79
D Intermediate 32x111
E External flow 121x150
Total 29,742
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Table 3. Summary of Performance and Base temperature at each altitude and cases

Altitude 0km 5.06 km 17.34 km
Performance F Isp Base F Isp Base F Isp |Base Temp.
Base Temp. | [kN] | [sec] | Temp. [K]}| [kN] | [sec] |Temp. [K]| [kN] | [sec] K]

Froz. 127.70 | 218.66 | 300.33 |140.71 |239.06 | 27095 |163.82 | 278.33 | 567.06
Froz. Radi. | 127.06 | 215.88 | 304.81 |140.47|238.65| 31078 |163.77|27824| 61842
Equil. 13815 | 23471 | 301.33 |153.13 |260.04 { 27557 |176.60 | 300.03 583.38
Equil. Radi. [ 136.91 | 232.61 | 306.06 |153.06 | 260.15| 319.06 |176.60|300.04| 639.32
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