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Abstract: An injector that uses methane gas (CHs) and liquid oxygen (LOy) as propellants was designed to verify the
combustion characteristics of an engine that uses methane, which is one of the next-generation propellants. A
swirl/shear coaxial-type injector was used, and flow analysis was performed using Fluent to determine the main design
parameters of the injector. A hydraulic test was performed to understand the atomization and spray pattern
characteristics of the injector. Next, a combustion test was performed at the design point to understand the ignition
and combustion stability. Additional combustion tests were performed according to the O/F ratio to investigate the
combustion characteristics and stabilities using the characteristic exhaust velocity (C*) and fluctuation of the chamber
pressure. The experimental results showed that the combustion efficiency was greater than 90%, and the pressure
fluctuation was lower than 2% under all conditions.

o digk 4

A 54e zta 9lon, ¥ F4a

L M= Al FHe Zevh AAEEE 90% o] del
Ao R FAdE AFHATFA(NG) FHE
FRAZA e A e A AR S X AREE g A7) ool AlZAlel wlel 7hAe] of
Xﬂi AREE A2 flou 7€ dRE AREY 13 Az Ay, AL 23 Al 4]

v AZA T UiA dE2 AEHHoZ 7 & W% Y] F¥(bulk density impulse)s 7FA AL
OJD}(M) AR e FA Fa BAA A AP =o] o]abstekast Eo] FTF ¥ HHT':
AR AREHL e ATt ALY S of Azl Hls] e do] wig- Ay HF
A m e S G B s FAlel SlolA
¥ Corresponding Author, yskoS@cnu.ac.kr ISRU(In-Situ Resource Utilization : &% =} &+

© 2013 The Korean Society of Mechanical Engineers )] Jidoe]l HgE = e 7FsAol 7] |

R




N
p
~
N
N
re
oX,
Ho
é
il
&

Aol A= FHiol og7] wZel, A& A+
o] gold stavErS ALEET oY

& AR AFHe] FH7R

8ol 7hed Ao, FF ol M vk A
b2 H8d 24T AR A I
ZIA/RA EALZIO] 7] AT ARE S8E
A Aotk N2 FAAE BT 49, F1
Al EA sk AR 7E 9 A AA 7
tR7F Aot nebd, & dATeAE 4
MA=A dng ANLst

2. 2HE MA A Fx6hA

Investigation and analysis of
mission requirement

Y

Performance analysis and
conceptual design

h 4 *

Canstruction of propellants
supplying system
(propellants handling/operating
technigue)

Injector/manifold design
(geometric parameter,
computational analysis elc.)

h 4

Hydraulic test
(spray pattern and angle verification)

A4

lgnition and combustion test
of an uni-injector

(sequence development,
performance verification)

Fig. 1 General development process of a new
small- scale Liquid Rocket Engine
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Table 1 Engine Design Parameters

Parameters value
Thrust 250N
Propellants Oxidizer : Liquid Oxygen

Fuel : Gas Methane
10 bara

Chamber pressure

Injector type Coaxial Swirl/Shear

O/F ratio 3.0

Table 2 Injector Design Parameters

Parameters Fuel Oxidizer
[ CH4 ] [ Lox ]
Differential Pressure 3 bar 5 bar
Density 790 kg/m3 1150 kg/m3
Mass flow rate 17.6 g/s 52.6 g/s
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Table 3 Design results of the injector

Parameters value
Propellant Lox Methane
Number of inlet orifice 4 EA 6 EA
Dia. inlet orifice 1.60 mm | 1.66 mm
Dia. outlet orifice 2.6 mm | 6.6 mm

Fig. 8 Manufactured injector head
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Table 4 The result of combustion test(design point)

Parameter Value
Propellant Methane Lox
Mass flow rate 17.6 g/s 52.5 g/s

O/F ratio 2.98
Burning time 5s
Chamber pressure 9.1 bara
80 . . . 20
Mass Flow Rate (LOx)
of = e
60 15

50 - LOx: 52.5 g/s

40 |

P i R
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Mass Flow Rate [g/s]

Time [s]

Fig. 15 Mass flow rate & chamber pressure

+,

A WAk da Age FPsgen], 7t
o] Eqtulo) ARG S S8 234 APE S
gt T 1289 Ax APS FPsATh Ah
249 T A=" F4A A d

|
ol we} Table 59 Aeladtt.
Figure 17> &4 <l

ato] Eghn] Wstel] wf

e v oAy A7 2 A9E 4T 281

Table 5 The results of combustion test

Mass flow rate /s .

No. Methane [Lix ] O/F ratio
1 21.0 49.4 2.34
2 21.0 49.9 2.38
3 20.6 51.5 2.49
4 20.6 52.1 2.53
5 19.4 52.5 2.69
6 18.7 52.4 2.71
7 17.6 52.5 2.98
8 17.6 53.4 3.02
9 16.8 53.9 3.20
10 16.7 54.5 3.26
11 154 54.1 3.51
12 15.4 54.2 3.52
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Fig. 17 C" versus O/F ratio
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