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Thermochemical Performance Analysis of KSR-III
Rocket Nozzle
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Abstract

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
code. A chemical equilibrium code developed for the analysis of general hydrocarbon
fuel was coupled with three approaches of nozzle flow analysis. The approaches
were used for the performance prediction of KSR-IHI Rocket, and compared with the
theoretical results from NASA CEA (Chemical Equilibrium with Applications) code.
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Table 1 Design Specification of KSR-III
Rocket Engine

’ma{amber Pressure | 200psi ( 13.789bar)71:
e Fuel Jet-A (Ci2Has, 290K)!
[ Oxidizer Liquid O; (90.17K) |
O/F mass Ratio 2.34 (¢ =1.45) |
Mass Flow Rate 58.4 kg/s
_Throat Diameter 031 m
Nozzle | Acxi/Atson = 5.04
Nozzle 2 Aw/ Ao = 3.50 |
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Frozen-Equilibrium: Nozzie 1
Shifting Equilibrium: Nozzie 1
Non-Equitibrium: Nozzie 1

Frozen-Equilibrium: Nozzle 2
Shifting Equilibrium: Nozzie 2
Non-Equitibrium: Nozzie 2

Cross Section to Throat
3r Area Ratio, A/A,,

i

x [m]
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Fig. 1 Cross-Section Area Distribution of
KSR-III Rocket Engine

Table 2 Temperature and Species
Composition in Combustor
Present NASA CEA
Temperature 3393.57 3395.20
yH:0O 0.24234 0.24245
yCOa 0.23289 0.23193
yCO 0.45389 0.45385
yOH 0.03674 0.03669
yO, 0.01540 0.01532
yH; 0.01028 0.01027
yO 0.00754 0.00751
yH 0.00191 0.00190
c* Im/s] 1782.2 1773.4
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Frozen Fliow, v=1.2

Fig. 2 Mach number distributions for Nozzle 1 resulting from the three approaches.

Plots are compared with frozen flow solution with constant specific heat ratio.
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Fig. 3 Mach number distributions for Nozzle 2 resulting from the three approaches.

Plots are compared with frozen flow solution with constant specific heat ratio.
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Table 3 Computing Time at 650MHz
Pentium III Processor

Time for
Convergence

9.5 min./8000 Iter
59.7min./8000 Iter.

1474 hr./10° Iter.
206 hr/14x10° Tter

{ Time/Itera
tion/Node

Frozen Eq. | 14.6us
Shifting Eq.| 92.1us

Non-Eq. 109.2ps
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