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Chemical Reacting Flow Analysis of the 30 tonf - class
KARI LRE Nozzle
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ABSTRACT

Three methods of nozzle flow analysis, frozen-equilibrium, shifting-equilibrium and
non-equilibrium approaches, were used to rocket nozzle flow, those were coupled with the
methods of computational fluid dynamics code. For a design of high temperature rocket nozzle,
chemical equilibrium analysis which shares the same numerical characteristics with frozen flow
analysis can be an efficient design tool for predicting maximum thermodynamic performance of
the nozzle. In this study, shifting-equilibrium flow analysis was carried out for the 30 tons-class
KARI liquid rocket engine nozzle together with frozen flow. The performance evaluation based
on the 30 toneclass KARI LRE nozzle flow analyses will provide an understanding of the

thermochemical process in the nozzle and performances of nozzle.
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Fig. 1 Comparison of Convergence History
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Fig. 4 Flow Field Results from
Equilibrium Flow Calculation
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Table 2. Summary of Exit Flow

Constant | Frozen | Shifting
I, [s] 402 339 402
Table 1. Computing Times/Iteration T [K] 1071.1 1081 1461.7
— y=C,/C, 1.24 1.22 1.24
Constant | Frozen |Equilibrium Mach No. 520 5.20 561
Euler | 0.02 sec 0.03 sec 2.37 sec XH20 0.264 0.264 0.318
XCo? 0.131 0.131 0.133
N.-S. 0.02 sec 0.03 sec 2.83 sec Xco 0.320 0.320 0.345
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