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Design of High Pressure Sub-scale Combustor
for a Liquid Rocket Engine

Yeoung-Min Han*, Seung-Han Kim**, Seong-hyeon Seo™*, Kwang-Jin Lee™, Jong-Gyu Kim*****

Abstract

The procedure of conceptual and detailed design of sub-scale combustor using
bipropellant swirl or impinging injector with external or internal mixing for a liquid
rocket engine are described in this paper. The sub-scale combustor uses liquid
oxygen(LOx) and kerosene as propellants and has a injector head, an ablative material
combustor wall and a water cooled nozzle. The injector head has LOx manifold, fuel
manifold, fire face plate, one center swirl or impinging injector and 18 main swirl or

impinging injectors.
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I 1. Desian specifications of sub-scale combustor

Chamber Pressure 5.25 |[MPa
Stagnation Pressure 5.20 |[MPa
Total Flow Rate 6.01 |kg/sec
Fuel Flow Rate 1.59 |kg/sec
Oxidizer Flow Rate 4.42 |kg/sec
O/F ratio \ 2.77
Combustion C* Efficiency 95.85 %
c* | 1685.22 |m/sec
Chacteristics Length 1500.50 Imm
Residence time ‘ 2.20 Imsec
Pressure Drop through Injector

Fuel 1.20 |MPa

Oxidizer 1.20 |MPa
Nozzle Throat Diameter 49.80 Imm
Contration Ratio 4.70
Chamber Diameter 108.01 |/mm
Length of cylinderical part 318.12 mm
Length of contraction part 60.43 mm
Contraction Angle‘ 30.00 |deg
Combustion Gas Temperatuj 3648.00 |K
Molecular Weight ‘ 23.69
Specific Heat Ratio 1.17
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AEGH R A5FFol /Mg B Holoh Az o _ noz [z A
= FRE & T A== 08
No# | =*H1 BH | RN |1 5/ er =) |(0/Fmm
E 2. Operating conditions of sub-scale combustor EM#1 | 9}F(mixed) | 0.6 | 65°/120° | 4.1/8.1
item DR OD1 | OD2 | OD3 | OD4 EM#2 | 9% (mixed) | 1.0 | 65°/120° | 4.1/8.1
Pressure(MPa) 525 4.46 | 4.46 | 6.04| 6.04
OfF ratio 2.77| 2.36 | 3.19| 3.19| 2.36 EM#3 | ¢} F-(mixed) | 1.5 | 65°/120° | 4.1/8.1
Total Mass Flow(kg/s 6.01 | 5.07 | 5.27 | 7.10| 6.83 [ o 5
Lox(kg/s)| 4.42 | 356 | 4.01| 5.41| 4.80 EM#4 | 9}-F-(mixed) | 2.0 | 65°/120° | 4.1/8.1
Kerosene(kg/s)| 1.59 1.51 | 1.26 | 1.70 | 2.04 EM#5 2= OFO| 25 (ZEﬂ) 21/19
Molecular weight 23.69 |22.56 | 25.16 | 25.27 | 22.64
Specific ratio (gamm| 1.17 1.18 | 1.17 | 1.17 | 1.18 EM#6 | $}-(closed) | 2.0 | 65°/120° 41/8.1
Momentum Ratio(O/F 0.50 | 0.36 | 0.66 | 0.66 | 0.36
Pressure Drop
LOx(MPa)| 1.20| 0.78 | 0.99 | 1.80 | 1.42 I
Kerosene(MPa)| 1.20 1.08 | 0.75| 1.36 | 1.96 .
Cooling passage’ 0.00° 0.00 | 0.00 | 0.00 | 0.00 — %
Pressure at Lox Inlet | 6.45 5.24 | 5.45| 7.84| 7.45 7
Pressure at Fuel Inlet| 645 5.54 | 5.21 | 7.40 8.00 25 i % i
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