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Development of Chemical Equilibrium CFD Code for Performance
Prediction and Optimum Design of LRE Thrust Chamber

Seong-Ku Kim* - Tae Seon Park* - Yoon-Wan Moon*

ABSTRACT

An axisymmetric compressible flow solver accounting for chemical equilibrium has been developed as an
analysis tool exclusively suitable for performance prediction and optimum contour design of LRE thrust
chamber. By virtue of several features focusing on user-friendliness and effectiveness including automatical
grid generation and iterative calculations with changes in design parameters prescribed through only one
keyword-type input file, a design engineer can evaluate very fast and easily the influences of various
design inputs such as geometrical parameters and operating conditions on propulsive performance.
Validations have been carried out for various aspects by detailed comparisons with the result of CEA
code, experimental data of JPL nozzle, actual data for two historical engines, and ReTF data for KSR-IIL
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Fig. 1 Code structure characterized by “one
INPUT & one ENTER”
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Fig. 2 Definition of geometrical parameters
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Table 1. Four types of wali contours for nozzle
divergent portions

Type Contour, y,(x) Constraints

Parabola | a+V'b(x—c) (treyn)i(xeYE) B
pz?;;zuﬁ a+bx+cx? (xn,yN),(XE,YE),Bn
ij a+bx+cx®+dx®  |(xnyn),(xeYE),Bn,0e

il AR e [ENRAYCRAY S




3800

F lmes pmsent symbol CEA

2600 1.26
A
3400 i 1.25
§3zoo Jet-A/O, } .24 5
2 P.=60 bar } 172
é-aooo T 11235
: H

N
®
=3
S

k]

g

2400 g T8 5D 22 74 26 28 3620
Mixture ratio

[co]

Mole fraction of O,
Mole fraction of H,, H,0, CO & CO,

=20 22 74 26 28
Mixture ratio

Fig. 3 Comparison of chemical equilibrium
calculations between present(lines) and
CEA code(symbols)
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Fig. 4 Comparison of static pressure and Mach
number along centerline and wall of JPL
nozzle
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Table 2. Results of high-altitude performance of

the SSME
Ispysc | Thrusti,. | Mass flow
[sec] [ton] [kg/s]
Actual data 453 233 514
Frozen equil. 450 235 522
Shifting equil.| 473 244 515

Table 3. Results of high-altitude performance of
the RD-107 engine

Ispvac | Thrusty,: | Mass flow

[sec] [ton] [kg/s]
Actual data 320 23.3 73.0
Frozen equil. 319 23.5 73.9
Shifting equil. | 340 24.9 73.3
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Fig. 5 Prediction of ground thrust of KSR-III
engine at various operating conditions
(symbols:ReTF data)
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