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ABSTRACT

A correlation between propellant supply condition and chamber pressure in GCH;-LOx small
rocket engine was explored and hot-firing tests were conducted to analyze the engine
performance characteristics according to the equivalence ratio variation at a constant chamber
pressure. Correlation studies have shown that chamber pressure is linearly proportional to
oxidizer supply pressure. As a result of the test, the thrust, specific impulse and characteristic
velocity that are the main performance parameters of a rocket engine, were found to be
enhanced as the equivalence ratio starting from a fuel-lean condition approached the
stoichiometric ratio, but the efficiencies of characteristic velocity and specific impulse were on the

contrary, in their dependency on the equivalence ratio.
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(a) Linear regression of oxidizer mass flow-rate
according to the oxidizer supply pressure
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(b) Linear regression of chamber pressure
according to the oxidizer supply pressure
variation.

Fig. 1 Summary for the correlation between manipulation
and response variables.
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Table 1. Chamber pressure variation with the mass
flow-rate under the similar equivalence ratio.

Parameter | Case M11 | Case M8 (Mlgj;\i/?l 1)

m; (8/s) 11.3 8.0 0.71

m, (g/s) 49.9 35.7 0.72
o 1.18 1.16 -

P, (psia) 153.8 110.5 0.72

*Total (fuel+oxidizer) mass flow-rate **Equivalence ratio
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Fig. 2 Predicted chamber pressure obtained by
utilizing initial version of the PPPC.
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Table 2. Comparison of the chamber pressures
between measured data and predicted values.

my P
Case No. o .
(8/9) (psia)
Al 191.95
0.73 62.6
A1_PPPC 192.30
Error (psia, %) 0.35, 0.18
A2 192.11
0.80 62.6
A2_PPPC 191.54
Error (psia, %) 0.57, 0.30
A3 163.25
0.96 53.5
A3_PPPC 162.26
Error (psia, %) 0.99, 0.61
A4 145.63
1.01 48.3
A4_PPPC 146.27
Error (psia, %) 0.64, 0.44
A5 151.87
1.13 50.1
A5_PPPC 150.82
Error (psia, %) 1.05, 0.69
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® P&ID Legend

& Solenoid valve o Regulator
(®  Mass flow controller F=  strainer
[=]  coriolis mass flow meter é Gas cylinder
f]\ Cryogenic thermal insulated tank ™I Flexible hose

Primary Propellant & Coolant

Ignitor Propellant

Fig. 3 Schematic of experimental setup.
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Table 3. Test condition according to the propellant
supply—condition variation.

Case | Pryrge m, m, o
No. (psia) (g/s) (g/5)
El 6 57.7 0.46
E2 7 58.0 0.55
E3 8 58.3 0.64
E4 180 9 58.6 0.73
E5 10 58.9 0.82
E6 11 59.2 0.91
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Fig. 5 Prediction of the chamber pressure resulted
from the improved version of the PPPC.

k =
1 Agxds 4d554E 8okt dAz= ¥
Y dad dEe Zx EA v fAD
RO gls e, ol& Fl ke F=9
FEE B " PPPCUE Wi G EEAl
AEdos Al & F A0
Fig. 79l A& 3}stkgnld] 7t ds5 =27
AR Fo FeEAA F9, viFy @ 54%
=7t HRH o Flske Aol #EHET. o
= 9ad d¥ol vixsiets FEEvL ghet
FEAE HI wE Aad uF-e] ekt
& 05 LS Hol, f5 ouArE SiH
71 Wgoz wadth Iy, gEm Fle
et Aol FEd #Ao] AR BTt
I A4xEEY FEE He54d 545 &
& 3 WFY 382 o3y Astste 4TS



ko

40

95

90

~475
70

65

‘_‘:’_ Ne PLOx, Inj

270

Table 4. Test conditions for the revisited test.

I
o
©
~

(eisd) ™ 075 ‘ainssaig uonsslu] X0

240

1
o =]
%] I
« ~

o
~

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.39

0.51
0.61
0.70

0.82

0.90

(g/9)
66.0

60.4
59.5
59.3

58.1

59.6

(g/9)
5.8
6.9

7.9
8.9

9.8

10.9

(psia)

176.0

176.0
177.9
178.5

177.6
178.7

Case

No.

E1.2

E2.2
E3.2
E4

E5

E6

Fig. 8 Okxidizer injection pressure according to the

- 200

110

75

[—e—P¢
f—o—nc.

- ‘50
—o—n,

- 105

o g R
11
LY
& M
R NG
T W< %
"R T Cl
Moo &P
5 m,moaﬁ
5w Mo Mo
5w <
- o owm il
= SN <" o
© G
~ 0
8 Frte
c 2T
3 Dowo_ o
Crmo % =
= AT
o oR 7 N
o A ur
(s) *| ‘(eisd) ainssaid
(N)IsmayL (%) i ol

2300

1.0

Fig. 7 Summary for the performance characteristics of

Aol s Z1A

£

the revisited test resuilt.

Jo

o

A& A3

A A=

=
=

A5 Y8 AFALAG A3t

H A

3

i
)

g

Fig. 8ol 1}

=
=

g ARIReH, 1 A

sk

M
1o
o
T
i

s
5%

o)
o

o= Hlgsts Aol

L
.

gl &2

o))

L4z AskA F

)

o
100
o
o
"
KE

NI

Eis

v g8 el o

T
o
of
M
4qr

zel

wr

R=S
[$

, Ramezani

3100}

o

o
o°

g
a

dl,

= °ll

7V 3

ST

Al A=A E6

Foab 9ok
0909 7%, 2 FdtHel 712

0

h3

]_

(4=



of=

ol Aol geru| Hato me

- SUs Anl o
Nz26d Hee 2022, 12. JAOIE-AR At 28iZANZIO] HSEN -
2 AoFg 5. Leudiere, V. and Supi¢é, P., “KVD-1 Engine
ALEE AFS 4387 a8l dAF2A in LOX/CH4,” 43rd AIAA/ASME/SAE/ASEE
7543 ddd AR AskA bE ¥olE Joint  Propulsion — Conference &  Exhibit,
2/ Ad, EAELEE 582 2sA FY4Y CinCinnati, OH, US.A., AIAA2007-5446,
I F3EHE AEe BT Akl FAtg 9 Jul. 2007.
At AkgA|e] ~Y ZA= of3F W REZ 74 6. Kang, Y.H., Ahn, HJ., Bae, CH. and Kim,
A2 o)A, &5 BEF AT Asid YT JS., “Combustion Characteristics of the
FAA = @ 38hNkE A5 o) ofFsl= 3)8ter Gaseous-methane & Gaseous-oxygen
EH ZA A 2L 5 e sEws A= Reactants under Highly Fuel-rich Conditions,”
s EAE 4= F de Aoz AREH Journal of the Korean Society of Propulsion
Engineers, Vol. 25, No. 6, pp. 45-52, 2021.
7. Martin, J.A. and Manski, D., “Variable-
=z 7 mixture-ratio and other rocket engines for
advanced shuttles,” Journal of Propulsion
B =72 4| 1EARe Ao = and Power, Vol. 7, No. 4, pp. 549-555, 1991.
AFAE  m)--F 841 E] (2022M1A3C2085070) 8. Han, P.G., Chang, HS. Cho, Y.H., Kim,
9 AUg wro} F3hd AFAAS. K.H. and Woo, Y.C, “Effect of Mixture
Ratio Variation near Chamber Wall in
Liquid Rocket Engine using Coaxial Injectors,”
References 41st Aerospace Sciences Meeting and Exhibit,
Reno, NV, USA. AIAA2003-1230, Jan.
1. Kim, J.H,, Jung, H. and Kim, J.S., “Analysis 2003.
of the Theoretical Performance Characteristics 9. Guo, H. and Liang, G., “Theoretical and
for Methane-fuel Bipropellant Rocket Engine,” Experimental Investigation of Influence of
Journal of the Korean Society of Propulsion Mixture  Ratio on  Hydrogen-Oxygen
Engineers, Vol. 18, No. 3, pp. 1-7, 2014. Detonation Characteristics,” 45th AIAA/ASME/
2. Morehart, JH., “A Survey of LNG-fueled SAE/ASEE Joint Propulsion Conference &
Rocket Engine Development Activity - Non Exhibit, Denver, CO, US.A,,
US.,” AIAA Propulsion and Energy 2021 AIAA2009-5479, Aug. 2009.
Forum, Virtual, AIAA2021-3581, Jan. 2021. 10. Kim, SJ. and Natan, B., “Inlet Geometry
3. lannetti, A., Girard, N., Tchou-kien, D., and Equivalence Ratio Effects on
Bonhomme, C., Ravier, N. and Edeline, E., Combustion in a Ducted Rocket,” Journal of
“Prometheus, a LOX/LCH4 Reusable Propulsion and Power, Vol. 31, No. 2, pp.
Rocket Engine,” 7th European Conference for 619-631, 2015.
Aeronautics and Space Sciences, Jun. 2017. 11. Schneider, D., Stark, R., Génin, C,
4. Taya, K. Sakaguchi, H., Ishikawa, Y., Oschwald, M. and Kostyrkin, K., “Active
Kimoto, K. and Ishizaki, S., “Development Control of Dual-Bell Nozzle Operation
status of LOX/LCH4 rocket engine,” 50th Mode Transition by Film Cooling and
AIAA/ASME/SAE/ASEE Joint Propulsion Mixture Ratio Variation,” Journal of Propulsion
Conference, Cleveland, OH, US.A.,, and Power, Vol. 36, No. 1, pp. 47-58, 2020.
ATAA2014-3480, Jul. 2014. 12. Kang, Y.H., Ahn, HJ. and Kim, ]S, “A



42

ey - o

OB

3

cIEES HEE SIS

13.

14.

Comparative Analysis for the Performance
of 200 N-class Methane-Liquid
Oxygen Small Rocket Engine According to

Gaseous

the Characteristic Length Variation,” Journal
of the Korean Society of Propulsion Engineers,
Vol. 24, No. 6, pp. 85-92, 2020.

Rao, G.V.R,
Rocket Nozzle Configurations,”
Rocket Society Journal, Vol. 31, No. 11, pp.
1488-1494, 1961.

Chen, C, Yang, Y., Wang, X. and Tang,
W.,

“Recent Developments in

American

“Effect of geometric and operating

15.

parameters on the spray characteristics of
an open-end swirl injector,” Proceedings of
the Institution of Mechanical Engineers, Part
G: Journal of Aerospace Engineering, Vol. 233,
No. 12, pp. 4457-4467, 2019.

Ramezani, A.R. and Ghafourian, A., “Spray

Angle Variation of Liquid-Liquid Swirl
Coaxial  Injectors,” 41st  AIAA/ASME/
SAE/ASEE Joint Propulsion Conference &
Exhibit, Tucson, AZ, US.A,

AIAA2005-3747, Jul. 2005.





