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Design of Full-Scale Combustion Chamber of Liquid
Rocket Engine for Ground Hot Firing Tests

Yeoungmin Han* - Seunghan Kim** - Seonghyeon Seo* - Wonkook Cho** - Hwanseok Choi*
- Wooseok Seol** - Sooyong Lee***

ABSTRACT

The design procedures of full-scale combustion chamber with chamber pressure of 53bara, mass flow
rate of 90kg/s, combustion efficiency of 94% and specific impulse at ground of 253sec were described.
The details of combustion performance and geometrical parameters were also given. Full-scale
combustion chamber consists of the combustor head with injector/baffle and the chamber/nozzle with
regenerative cooling channels. The design results of combustion chamber with ablative materials,
detachable injector head with SUS baffle or baffle injector and chamber body for ground hot firing
tests were given in this paper.
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Table 1. Performance Parameters of Combustor
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Chamber Pressure 5.25 MPa
Stagnation Pressure 518 MPa
Mach number at Nozzle Ini 0.15
Combustion Gas Temperatt 361600 K

4,02 kg/m"3
38.80 kg/sec
6298 kg/sec
25.82 kg/sec

Combustion Gas Density(P
Total Flow Rate
Oxidizer Flow Rate
Fuel Flow Rate

0O/F ratio 2.44
Molecular Weight 23.00
Specitic Heat Ratio 1.20
Specific mass fiow rate per 1.49 g/s/(bar*
Characteristic Velocity idez  1761.43 m/sec
C~ Efficiency 9370 %

C=* {(design) 1650.46 m/sec
Thrust Coefficient, Cf(ideal 1.54

Thrust Correction Coefficiel 0.98

Thrust Coefficient, Cf(real ¢ 1.51

Isp (ideal, at SL) 276.32 sec
Isp (design, at SL) 253,73
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Table 2. Geometric Parameters of Combustor

Nozzle Throat Diameter 183.79 mm
Nozzle Expansion Ratio 11.00

Nozzle Exit Pressure ) 0.06 Mpa
Nozzle Exit Diameter 629.47 mm
:Contraction Ratio 4,01

Chamber Diameter 380.00 mm
Chamber Yolume 0.05 m"3
Contraction Angle 30.00 deg
-Characteristics Length 1500.15 mm

Residence time 2.20 msec
Length of Cyvlinderical Part of Combus 310.58 mm
Length of Contraction Part of Combus 202,91 mm
Length from face plate to nozzle throz 513.43 mm
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Fig. 1. Basic Geometry of Combustion Chamber

23 A7) #AV) Sl=
d27] AAY Hso] e YAE 7129 A

7 dar] ¥4L& #fASHn =ZA AEkA
dome® manifold, Y& manifold, & 3}&A}7],
F BA7L W EAb7, wlE BAYL, face

plate, 47T Fo2 TS0 Yok AHYEzt

FHE AL FAsIEA dAaxdn AE
HEE MR AzZst AZ}EE MdASG
Figure 2& AW W29 A4 Ad4H =



of gk 32h¢
24 B3 E #3 TBCS #H &3t

Fig. 2. Injector Head of Combustor

A 47] QA E face plateo] EA}7]9 g2
ArAEE ¥ AAdFE F A Aol v
2 9%e Tk dAE AYsiaA dLd FHH
o] 380mme.z AL dx7]e A&l FTUHH
ofop st EF QAP BHg YHsr] A
Wzhg JQAE WA= nesjol s o2l 7HA
o] f-7t thFHol, FA7] wldg 982 F7HAA
QHY Mg 2712 FAHIH{AL BA 449
A F£RAE & FF L35 Addstd 90
grade® o] AAE face plated| A FF LAt
7V A48 8A wAiste Aoz dags 2 4
2B 71 Aoz A4dant HeFdE
A4 8HE YRS 93 7F 249 QAE 4
NE wiREIAT B4 Ay o5 AR o
145mmz AFHH EAZIZEY A 17mmo]
o} AAaUdAAAE M s MEE XSk
=4 dzz dZ3e wE ¥E 4ASAY o
AgS st ME AAHE FHste WS Fol
A g g daggdd £ 45 Jveid A

[o}

og AgHE WE C’JZA}E{—EE— Zaatr1z sy
ot WA A7) Mg 32570l n wiEY FAL

71 4 FA, 67H4 EYol=g FAHA uj
&Rk wE BAZ|9 R ARFL BAIZL
o ¥4& FAFYE 17mm, 20mmeltt. AA&
BAF7] i 9-E Fig. 39 velliglen Fig. 4d=
Ax7) S= 2 AAYY Jda2ES TEFE AA
da7] 4L vt
}%% BAE 5% 973
| AtslA v Zed 98 E
—rb} Wol A EFo] o]Folx
A Wee FuFAEd AAEA

zdgolt}. BA}7] face plate=

ooWES PSS e WERAIE el
SHY AME 7HAD 9ol BsAE BTFAY)
£ 78 4T 3239 AUzt 2 9
e 458 A4YL A4z 50 95
o 7 BASIE 722 olRolzaRA)

Fig. 3. Injector Arrangement at Face Plate

Fig. 4. Combustor Configuration for Engine System
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Fig. 5. Schematic of Regenerative Cooling Channels
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Fig. 6. Number of Regenerative Cooling Channels
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Fig. 7. Combustion Chamber with Ablative Materials
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Fig. 11. Full-scale Combustion Charmrber(EM#2)
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Table 3. Operating Conditions of Combustor

item oDl 0oD2 0b3 oD4
Pressure(MPa) 4.46 4,46 6.04 6.04
O/F ratio 2.07 280 280 2.07
Total Mass Flow(ka/ 7533 7683 10360 101,76
L.Ox(ka/s | 50.82 5663 7637 6864
Kerosene(kg/s 24,52 20,19 2723 3B

2129 2014 2424 2134
20 17 17 120
03 06 066 0.3

Molecular weight
Specific ratic (gamma,
Momentum Ratio{O/F
Pressure Drop
LOx(MPa 201 078 0.97 1.76 1.43
Kerosene(MPa)i ' 820¢ 108 073 .33 197
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