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ABSTRACT

Recently, there has been a tendency to lead the private sector in the launch vehicle
market, and as the market has become saturated, efforts are being made to reduce the
launch cost. Advanced countries in space development have promoted manned long-range
space exploration plans. As oxygen/methane is more efficient, lower cost, and eco-friendly
than typical propellants, and can be produced locally on an alien planet, it is the most
suitable next-generation propellant to meet this trend. Now methane engine development is
accelerating due to changes in international conditions and corporate environment. It is
also expected to develop a methane engine in order to survive in this global trend and to
keep up with the launch vehicle market in the future.
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Table 1. Characteristics of Liquid fuels[1,2,29]

: Boil
MetI‘tlng 0|I.|ng Berisivs -
point point [ka/m°] [sec]
[c] [l ¢

Hydrogen | -259.14 | -252.87 70 455.9

Methane -182.5 -161.49 422 .62 363

RP-1 -49 1777274 | 81071020 353
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Fig. 9. RD0162D2A and engine fire—test[18]

AqAdx77F e F2=2A4 BHEER AT =5
-588K) 27H=2 BEZ7F FsH™, d&7|(WHEEE
-p=1716MPa) 2+ FXIA7} gas-gas F2 o=
Y=+ Expander cycle?} staged combustion
cycle ©o] 41¢l Fejo] Axeltt BRI F2=A
azke] Waksh | E A7) obd ©<ed] ddEE
AL AT BETekal, 7h2e 227F A3
7] wEel AbskA] VRl FEa LT b
std AgEs AEd ZdaAZd ¢ A HUuh
ARHY HHUZFE EfoAE A sl F
Adow Qs Tes WAIH BHI} A= A
SAA HAJAE = shuke] SellM EHRL 271E
ARESE 7] WZol ¥ AT EoiuAl HU
o aEs dxle FHAPSFRCNAE HH
U7 2=7F A e ez FHS
135%7MAl S7HA R o= A = AT
232 o|=
2.3.2.1. BE-4

Blue OriginAte] BE-4= New Shepard +#H %=
A AREE 4Rl BE-39| N EFE o= A
AT A=A == @ 349 FFHo=w AEE
New Glennol| A-8-2 o o]t}

T3 United Launch Alliance(ULA)9] ZFAITH
WARA Vulcan®] F Ao =A mj=o] HHALA
AXE 2 AloFe] RD-180° °o&Esta U+ AS

L= A

Fig. 10. BE-4[21] and oxigen-rich staged
combustion cycle schematic
(picture by ULA)



945 & 7 9%, 2017, 7.

FEARE S A WA AL 5 563

Methane 10y

Methane Pump % i Oxygen Pump
Ful Rich I Rich
Prebamner F

Fig. 11. Raptor engine and system schematic
Full-Flow Staged Combustion
Scheme (picture by Purdue
University/Spaceflight) 101[24]

BN thiotomA Zhgwra gtk 20179 34
T 2YS g3

BE-4+= oxigen-rich staged combustion cycle2l
o 2A, el HEHZ FUls 7pxinh g
ANA U Al 25 JALME olFsH
dadoMs sl 2 ddartaet Wz
25 FH4F A8 EFETH21-23]
2.3.2.2. Raptor

Space X+ ¢l A A 2 o]FAES A
A 7171 el 2TFE SAAE AT Folth
olE s 2002dHE Aol Thsd F9
300tfw AHA-mERA X Raptors 7R3kl QL
Raptordl 21-2 Full-flow staged combustion cycle
24, A5k qtstAl o] Hxs 742 AEAR] H
Hlo] o3 FEdth d4ad WAFEE SHS
AF(MEHe tHFES AEHY dALTZ
dEH, JZE A3 A ()9
sk B AqAdLTN2 So7F A4
A, mEtd dad U=
gas-gasHEH| 2 F0]7} AA4H

Raptordl 212 2016'd 99 Texas®] Al@AE0
A A AL AeAPe dEskth
233 #H
2.3.3.1. LM10-MIRA

olgglol AVIOARE 2007'd%-E Ao} Ank-¢
FHe A9 ofe KBKhAS®} FFSE Expander-
cycle AP A7F2 AXe] AFNES I
LMI10-MIRAE Vega-E TAMAE& 22 LOx-LH2 <l
2 RDO146S 71HHC Z(RDO146CH[26]) 7R 9]
ok Il A AVIOAR=S 4] =, & H
HYZE G

2012 AAaAIT FA] §=
ASaRen, 2014\d 590 KBKhAS] 24 o}
W AdZlA IKA, ELV, AVIOARS] Fa ofe)

rr g rlo o

r2
b2
(RS
2 (> Fe

L o]
A5 EE

ignter  BAVIO
Cd

Fig. 12. LM10-MIRA and simplified scheme
of demonstrator engine

Fig. 13. Ariane 6 and Prometheus engine [27,28]

full scale AAEAFES FF3H Tt oo wa} o]
geol A A of AFeFAHL FF T
AHRES B3 @YsE Aot T4, 25-26].
2.3.3.2. Prometheus

Au]-g LA Tk Hg o] Fuigl ot
& FHST=(ESA)2 845U T {FEE |
o Y%A AMALE7H 5T Ariane 6 EALA
£ Aa-m el Prometheus Z 7S Al
Zetder. TR TH¢F=(CNES)$E  Airbus
Safran LaunchersAtE 20158 2B HAHATE A
P & v Yot AR @rtE Vulcain 21207
o] 171091 19 ¥ FEolu, FHL2 FYL3 150t
S Zu® 33 ik

o
—_
i

m. 2 =
Mg e $571% Ao WA e )
§& AW 49 /34 PAE A =7
oA BAdow AuH o FLHE F1
ol WA 25 Ao|Fe BT FHL
At ek,
Aok AAH BAR s ATl



ik OB sk

=
[ZIY

1 of
N
M
L
o,
32
X
o

i Yo

U= NASAS| diabigs ©7] 917 53
2 TiZro] WAA Aol MYE F JEF o}
t}. Elon Musk$®} Jeff BezosG Alg AEH-S
go =2 dtof wWEdiE AR oZ At 9l

S99 v Age
A2 e WA A BE A
otk

olsh o] WAA WL FU F 9lo]
NEAINE ABE S 2% + Jor, FF B4
Y= 8T + o wEdd el
ANE A%&E Bast Yok Hod,

o
N

B d3EsE Agustn AAUSFFAAT
Hol dAAE mgeAsRe Aghdog =
TAGY] ALds ol FPF H=ATAE A A
AF%) (NRF-2013R1A5A1073861) 2]
2017'd AR(ws)e AYer d=AdTFATEY
Adg ol FPE AF(FFATAD-2016-2 2
Hukalok g A]) 9 20159 % A R0 ) A =5t
1] APog FdmAFAGY] ALde wop
= AT (No. 2015R1A2A2A010043) Y Y o}

References

1) Mazloomi, Kaveh, and Chandima Gomes,
"Hydrogen as an energy carrier: prospects and
challenges", Renewable and Sustainable Energy
Reviews, Vol. 16, Issue. 5, 2012, pp.3024~3033.

2) Sedano, Nils, "LOX/methane
engine research and development.",
AIAA/ASME/SAE/ASEE
Conference & Exhibit, 2006.

3) Oskar ]. Haidn, "Advanced Rocket
Engines", Institute of Space Propulsion, German
Aerospace Center (DLR) 74239 Lampoldshausen,
German

rocket
42nd

Joint  Propulsion

4) Poong-Gyoo Han, Hyuck-Joon Namkoung,

Kyoung-Ho  Kim, "Evaluation on  the

Characteristics of Liquefied Natural Gas as a

Fuel of Liquid Rocket Engine", Journal of The
Korean Society for Aeronautical and Space
Sciences, Vol.32, Issue.3, 2004.4, pp.66-73

5) “Mid- and
development - Modification of the basic plan

long-term plan of space
for the second space development promotion”,
Joint compilation of related departments, Nov.
2013. [Online]. Available: http://m.msip.go.kr

6) E. Musk, “Making
multiplanetary species”, 26" IAC Guadalajara,
Mexico 2016. [Online]. Available: http://www.
spacex .com/mars

humans a

7) “Basic provisions of the federal space
program  2016-2025(in  Russian)”,  [Online].
Available: https:/ /www.roscosmos.ru/22347/

8) N. Choi, “Future prospect of world space
development and policy direction of major
countries(in Korean)”, Science and technology
policy, Vol. 22, Issue 84, pp. 69-85, Dec. 2012.
[Online]. Available: http://www.stepi.re.kr
/module/ publishSubDown jsp?categCd=A0504
&ntNo=189&sbNo=6

9)“SpaceX Says Falcon 9 To Compete For
EELV  This [Online].  Available:
http:/ /aviationweek.com/awin/spacex-says-falco

Year”,

n-9-compete-eelv-year

10) “Airbus Defence and Space’s solution to
[Online]. Available:
https:/ /airbusdefenceandspace.com/reuse-launch

reuse space Launchers”,

ers/

11) “Robotic exploration of Mars”, [Online].
Available: http://exploration.esa.int

12) Rachuk V, Titkov N. “The first Russian
LOX e LH2 expander cycle LRE: RDO0146”.
42nd AIAA/ASME/SAE/ASEE joint propulsion
conference & exhibit, AIAA
2006-4904,Sacramento, California; 2006.

13) “RD0146, RD0146D.  Carrier-rocket
“Angara-A5”(in Russian)”, [Online]. Available:
http:/ /www.kbkha.ru/ ?p=8&cat=8&prod=73

14) Rudnykh, M., Carapellese, S., Liuzzi, D.,
Arione, L., Caggiano,G., Bellomi, P., D’Aversa,
E., Pellegrini, R., Lobov, S.D., Gurtovoy, A.A.,
Rachuk, VS. of LM10-MIRA
LOX/LNG expander cycle demonstrator
engine". Acta Astronaut. Vol. 126, pp.364-374,
2016.

15)http:/ /engine.space/ dejatelnost/develop/d

"Development



45 4 B 7 9k, 2017. 7.

FEARE S A WA AL 5 565

vigatel-rd-0162/
16) A. F. Yefimochkin, S. P. Khrisanfov, P.
V. R. Rubinsky and etc, “
Investigation of the working process in the
LRE working
natural gas

V. Kafarena,
chamber of on propellant
(LNG)-oxygen(in
Russian)”, NTJ] Aerospace engineering and
technology, Vol. 4, 2010, pp.21-25.
17)"Roscosmos ordered a methane engine for

Liquefied

a reusable rocket(in Russian)”, [Online]. Available:
https:/ /vz.ru/news/2016/11/1/841273 html
18)“Governor visited the test complex of
KBKhA(in  Russian)”, [Online]. = Available:
http:/ /www.kbkha.ru/?p=16&news_id=183
19)“RCC Progress: Soyuz-5 flight model is
expected by 2022(in Russian)’, [Online]. Available:
https:/ /ria.ru/interview/20150818/1190701345. html
20) S. Woo, G Jeong, S. Bak, J. Lee, C. Ha,
S Yoon,“About the New Federal
Program(in KORUSTEC,
aerospace technology trends, Vol. 8, pp. 18-24,
May. 2016.
21)’One giant leap: Jeff Bezos shows off

Space

Korean)”, Russian

Blue Origin’s shiny new BE-4 rocket engine”,
[Online].
/2017 /jett-bezos-blue-origin-be-4-rocket-engine /

22) “BE-4: America’s
[Online].
blueorigin.com/be4

Available: http://www.geekwire.com

next
Available:

generation
engine”, https:/ /www.
23)"ULA taps Blue Origin for powerful new
[Online]. Available: https://
spaceflightnow.com/news/n1409/17ulablueorigi
n/?fb_comment_id=839393116095341_8394346260
91190#.V-GLjnoSNWg

24)“SpaceX - Launch Vehicle Concepts &
[Online]. Available: http://www.
spaceflight101.com/spacex-launch-vehicle-concep
ts.html

: 4
rocket engine”,

: 4
Designs”,

25)"In the KBKhA(Voronezh) successfully
tested a mnew rocket engine (PHOTO)(in
Russian)”[Online].  Available:  http://bloknot-

voronezh.ru/news/v-voronezhskom-kbha-uspesh
no-ispyitali-novyiy-raketnyiy-dvigatel-foto
26)“Successful fire test of the Russian-Italian
liquid rocket engine”, [Online]. Available:
http:/ /www.kbkha.ru/?p=17&news_id=128

27)"France’s
becomes ESA project, gets
[Online].  Available:
frances-prometheus-reusable-engine-becomes-esa-

Prometheus reusable engine
funding boost”,

http:/ /spacenews.com/

project-gets-funding-boost/

28) “Ariane 6 rocket holding to schedule for
2020 maiden flight”, [Online]. Available:
https:/ /spaceflightnow.com/2016/08/13/ariane-
6-rocket-holding-to-schedule-for-2020-maiden-flig
ht/

29) Edwards,
Aerospace

Tim, "'Kerosene" Fuels for
Propulsion-Composition and
Properties", 38th AIAA/ASME/SAE/ASEE  Joint

Propulsion Conference & Exhibit, 2002.

30) Chemical Automatics Design
Bureau(KBKhA), [Online]. Available: http://
www.kbkha.ru/

31) AM. Isayev Chemical Engineering
Design Bureau(KBKhM), [Online]. Available:
http:/ /kbhmisaeva.ru/

32) Federal State Unitary Enterprise

Research&Development Institute of Mechanical

Engineering(NIIMASh),  [Online].  Available:
http:/ /www.niimashspace.ru/
33) Voronezh  Mechanical Plant(VMP),

[Online]. Available: http://vmzvrn.ru/

34) Russian engine and heavy machinery
(OJsC  Proton-PM),
[Online]. Available: http://www.protonpm.ru/

35) State Scientific Centre Keldysh Research
Center, [Online]. Available: http://kerc.msk.ru/

36)  Khrunichev  State
Production Space Center, [Online]. Available:

manufacturing  plant

Research and

http:/ /www khrunichev.ru/

37) LL Belousov, V.V. Golubyatnik, A.V.
Yeliseyev, A.F. Efimochkin, SN. Kozlov,
"Conception Creation More Than Once March
Oxygen-Marsh-gas Liquid Rocket Engine, at
What Use Turbopumping Aggregate with Two
Spread Turbine on One Roller"(in Russian),
Bulletin of Voronezh Natl. Tech. UniV.no.5,
Vol.10, 2014.

38) K. Kim, “Development of 10ton Thrust
Liquid Rocket Engine using LOX+LNG with
Turbopump  System  called  CHASE-10(in
Korean)” KSPE Spring Conference, 2006,
pp-181-184.



