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Thermochemcial Charcateristics of Rocket Nozzle Flow and Methods of Analysis
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Choi, Jeong-Yeol

Characteristics of high temperature rocket nozzle flow is discussed along with the
aspects of computational analysis. Three methods of nozzle flow analysis,
frozen-equilibrium, shifting-equilibrium and non-equilibrium  approaches, were
discussed those were coupled with the methods of computational fluid dynamics. A
chemical equilibrium code developed;for the analysis of general hydrocarbon fuel was
coupled with three approaches of nozzle flow analysis, and a test was made for a
bell nozzle at typical operation condition. As a results, the characteristics of the
approaches were discussed in aspects of rocket performance, thermal analysis and
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computational efficiency.
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Fig. 2 Flow Field Results from
Frozen Viscous Flow Calculation

Fig. 3 Flow Field Results from
Equilibrium Viscous Flow Calculation Equilibium Inviscid Flow Calculation
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Fig. 4

Flow Field Results from Non-

Table 2 Summary of Exit Flow

Table 1 Computing Times/Node/Iteration

Frozen Equilbrium | Non-Equil.
Frozen | Equilibrium | Non-Equil. I, [s] 321 348 346
Euler 150 us 249.1 ps 48.0 us T (K] 900.4 2110 1491.5
N.-S 165 us 251.2 us - 7=C/C, 1.29 1.18 1.23
Mach No. 5.01 3.83 4.41
XH20 0.403 0.623 0.497
Xcoz 0.104 0.286 0.200
Xco 0.168 0.037 0.092
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