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ABSTRACT

Selecting liquid methane as fuel is a prevailing trend for recent rocket engine developments
around the world, triggered by its affordability, reusability, storability for deep space exploration,
and prospect for in-situ resource utilization. Given years of time required for acquiring a new
rocket engine, a national-level R&D program to develop a methane engine is highly desirable at
the earliest opportunity in order to catch up with this worldwide trend towards reusing launch
vehicles for competitiveness and mission flexibility. In light of the monumental cost associated
with development, fabrication, and testing of a booster stage engine, it is strategically a prudent

choice to start with a low-thrust engine and build up space application cases.
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Fig. 1 Methane engines being actively developed and
have been developed around the world.
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Fig. 3 Starship’s rendering image of missions[37,38].
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Fig. 16 HDx engine test history[65].
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T AR =9 FAHolA 737 kN FEHoZ A 1o 82 KBKhAOIA 7 Folm, 1008] AJAHE-
dagios AAUR ARe) AFYor F4 & BE = WA 2§ LHA 3008 %
HH, 71Z 3,300 kN9 g J =g A ol 7hsstod ok st 711% 2%E 7FA I Aok
(RD-0164)S 1% Z&st#d AF[72]S #H7] 2cte] #F&E = RD-0169V AFL AW 4712
Shal WA AAES fEl AR SAE 12l TAE Ao Z 110 tfe] AFFHE 7FFITH1).
Engine Desigrer |Application Thrustvac) Chamber Propeliants |1 :Elm Bum o ignedifor |Status
g 9 PR kN Pressure-bar Pe spec sec} time-sec gned
RO0120CH Hosberg 157 T72.5|Los CHA = First Smges  |Design concent 1350's
ROO1Z0M-CH __|Kosberg 1720 185 |LoxL CHE i First Sges  |Design concept 1350
RO-0123 Kosberg LoxLCH4 Devsiopsd 1550
RO-0234CH Kosberg 247 76| Lo CH4 343 30| Upper Stages |Diewsiopsd 1356
RD-0258 Methane |Kosberg 235 176|Loxl CH4 253 Upger Stages | Dresign concent 1356~
RD-180 Glushvo  |Upper stage 19| 112|LoxLCHEe 208 200|Upper Stages | Deveiopsd 1553
RD-18T7 | Glushiko Upper sEge 353 167 |Loscl CH4 a3 Upper Stages  |Design concent 15505
RL-183 Glushin__|RikshaD sage | 167] 147 | Lo CH4 351 305 First Sges  |Design concent 1350
RC-132 Glushlo _|Riksha (-0, 1, 2) apogee stage EE T35|LowlCHE 280 Upger Stages | Developsd 1956
RO-184 Glushko Riksha (-0, -1, 2} apoges st5ge 2|LoslL.CH4 3‘2% Upper Stages  |Devalopad 1558on
RL-18% Glushin  [RikshaD sege 2 BE 47| Lo CHA 373 Uprer Stages |Diewgiopsd 1556
RLC-130 Glushio |RikshaD sge | 1000 147 |LoxLCHE 351 B FirstStges  |Dewdopsd 1956
RLC-152 Glushio 2138 257|Lowl CHE 35| 30| Upper Stages | Developsd 1956-
RL-1522 Glushio 1542 58| Lo CH4 354 0| Upper Stages_ |Diewslopsd 13560n
RLC-1523 Glushio 2083| 245 Lol CH4 341 3ii Upger Stages | Dewdloped 1556-0n
RL-1525 Glushio 2128 36| Lonl CH4 371 5| Upger Stages | Deweloped 15560n
RO-0110MD Kosberg 24| 54[Lox NG 20Upger Stages | Dewsloped 1554on
RO-0122M Kosbery |VozdushnStart stage 2 38| Lox NG Uprer Stages | Diasign concant 1558~
RD-0124 Kosbery |stage 1 20| LowL NG = IR FistSEges  |Dewsiopsd 195800
RC-013% Kosbery |stage 1 2028 Lo NG R ETE First S Devslopsd 155800
RD-0140 Koshery  |stge 2 2085 Lox NG 34| 09| Uprer Stages |Diewsiopsd 135800
RO-0141 Kosbery |stage 1 2264 Los NG 253 23] FirstSmges  |Diewdopsd 19380n
RD-0142 Kosbery |stage 2 233 Lo NG 2| Upper Stages | Devadopad 1938-on
RO-0143 Kosberg |VeozdushnyyStart stage 2 243 Lo NG Eir Upper Stages | Dresign conoept 1958~
RO-01434 Kosbery  [VeozdushnyyStart stage 1 243 Lo NG 37| First Smges  |Diesign concapt 1558
RO-0144 Kosbery |upper sege 147] Lo NG 74| Upger Stages | Deweloped 15580n
RO-0145 Hosharg UppEr SEQE 147 Losd NG 274 Upper Stages  |Dewdopsd 1958-0n
RO-0143 Hoshery Upper sEge 43 Loocl NG 3 Upper Stages  |Dewdlopsd 1958-0n
RC-0ZZEM Kosberg  |VezdushnyyStart stage 1 23| LowLNG First Sges  |Devdopsd 1957
RC-122M Glushio |VeozdushmaStart stage 1 23] Lol NG FistStoes  |Dewsopss 1955
RO-56M LNG lssvew  |VozdushnStart stsge 2 735 Lo NG Upper Stages | Developsd 1956
RC-182 Glushkn__[Riksha -1, -2) Stage 1 02| 72| LOXMethane 35| 38| FrstSmges  |Diewgopsd 1954

Fig. 17 Russian liquid rocket engine using methane or LNG for fuel in 1990s and 2000s[67].

PakeTa Ha METaHOBbIX ABUraTeNsX
“Amyp". KoHuenTyanbHas Mopenb

CxeMa nocapKu nepsoii CTyneHn

10 cTapToB

©TACC, 2020. MeToui: Pockaeior. ©TACE, 2020, Merouu: Pockoeior.

Fig. 18 Primary specifications and 1% stage recovery
concept of AMUR launch vehicle[1].

=

Fig. 19 ANIBA and S5.86.1000-0 enginel66].
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2.7 S5.86.1000-0 Engine 326 s TrACIH, A&} A Fof HiE&
31*10} N3 FGolA TAAE s FAA HES EFEA AEE 52 AWS A
+ Lin Industrial[16]2 FH o2 /&3t Y= el B E bR ok AEE AR AA =
ﬂ]i/}l AE9 Taimyrel Siberia WARA] o= ESA®] FLPP(Future Launchers Preparatory
= 90 kg A= 94 LEOC &8 + U=
Wg dzel 29d ANIBA WAHAIE Akt o= ny
A3, A Folth L
ANIBA 1% ARg-E= S5.86.1000-0 M7 -m |
KBKhMel A 19941014 201097H4 7 < ( | | —
oz Mg ARz AR, FA24d 17h9

AMANE ST 47N Ax
=]

=

AR FAE] HEF
8.95 tf, A4+ W7 290 s, WF WFH 330
s SAS MK 28 YA HEgs dsE T g
3hm, 1o 87 S5.86.1000-0 AF L] AA A
ol g A 171E HE3td FH 051 tf, ¥IFY
350 s 54< 7k TH(Fig. 19, [66]).

Lin Industrial® 2©% ANIBA EALA|

Aol wetM Z1A 73 E

7N
3Ty o7 WA,

1ol 47]1¢] Az& whAIste] LEO®l 700 kgol
Hol2EE FUT F A= WA L A=
7HA I .

2.8 Prometheus Engine

8 AR AR 25 Ariane 55
S felde] EAHe wA S Hus
a1, 39 EAA R A 50% A 5t
Atk $5£0=2 ML T Ariane 69} Vega
AMAE Zgst] DIt AAY R THsA

] ==
=

< AT, BVl dgew B W A e 2
Hgozs FAY A7 dE ALz d484
oH74].

olFRt {7l Nl EdE FH AA T
AHA| - Ariane NEXTh 400 o] Ak FHa
o #4 Vles BEastal =
< MEgos E‘i%‘%} Aoy,
1€ 9 sl AAE Thsd
918  PROMETHUS
Oxygen METHane cost Effective propUlsion
System) Z2 1% 8 Fo]t}(Fig. 20, [74,75]).

Prometheus A2 HWEE ARE st 7t
A7) ApelZ AWoE FY 100 tf, WFHY

=

ok

(Precursor ~ Reusable

m i

Our challenge : cost reduced by 4

TDMORROW

TODAY ol
‘% s K§ 1 kg GTO
-m (] hq G0

WLCNII 2 1 PRWETI'EUS

Fig. 20 Evolution plan of ariane launch vehicle and
liquid rocket enginel74,75].

Fig. 21 Prometheus engine, additively manufactured
engine components, and test for additively
manufactured gas generator at P8 test bench
at DLR[74].

Fig. 22 P5 test bench in DLR and its modification
concept for prometheus engine tests(76].
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Programme)®] YH =2 ArianeWorksol| A FH3k
I e AAE A EARA] Themisol] A &3t
s ASE P oA oW, Ariane 6 Evo T
+ Ariane Nexto] ZHEZo] TALAUAE 43
& Al olt}76)].

20301 WAMEEQD Ariane NEXT A& &
ALl 25% FEoE WAEGE EFEe A 5
EE2 3Y, o]E ZAs7] 94 Prometheus
AL Vulcain 21<0%1¢] 10% FEoZ HF
7VA & AAsta A 8 Folth

A FgFol e MEAREe] FHHT
om, 20200 1290l A A AAM1)E A47]
7 49 dAez 20208 THRE M1 AAE
zy AZrste] 20216 dzlol] ek AaAE
< FYPL Aot AIAFELS DLR P5 Al
ArE 8% dAolH, /Y < Vulcain 2.1
I e Aol JhEstEE AEAR ® A H
3 & 7432 JTh(Fig. 22, [76]).

2.9 M10 Engine

olgkg]o} AVIOE A ZEY 7|8k Vega
HAAE 9D Tz, "@A TF Uk dF
o248 g7l gt Jige Fxskal o shA
AR EAR skl 3% LA (Zefiro-9) /
4% AVUM (Attitude and Vernier Upper
Module)& Ar&3stE Vega-C %93 3T/40-E
g Jd8 FA7|FeZ W= Vega-E /MY
< st F1 Foln77].

Vega-E ZEAHEE Vega-Co 5Y3
LEO 22&E% FYHde< 7HNWA vE
FHE 97 Aol vE A= MI10

2 on
[N
tlo 4% o

Fig. 23 M10 engine development test[77-82].

sl F8sts slolw, 202418 A BAE =
= o

T2 FAF Z A ARE JY Foln

M10 <1--& 2 Ao} RD-0146M % -& 7]¥ke
£ KBKhA% 201497+A &5 /Hdst Wadd
LMI10-LYRAS #H3Fo =2 7Fss Aoz d
2 AFHAANA FIE AH AFES wFst
o JEFste] A Folth(Fig. 23, [78-80]).

M10 AL vgs Jd8EZ Agste AWF
2] Abo]Z(full expander cycle) o= F¥H
10 tf, ¥159 362 s TAHALE 43AS A5 3
7 HYF o FAET. day] AEe S

Aze Hg &&= SMSP(Single Material
Single Part)®] /IE o2 7 Fo]lH[81], 2020
39 NASA Marshall Space Filght Centerl 4l
AEy darld U daNFE HAFHe=
TPt S MY DGAE A sHATHS2L
2020 “gwkz]el oj&eo} Sardinacl A&l
T = AP AHI(SPTF, Space Propulsion
Test Facility)ollAl M10 <17l A AJA|(DM1) Al g
< T ABololA o, ok Adul g <zl
T8F AR, 29 Fol 9RFHA 4 AR

Helt},

210 ACE-42R Engine

¥ ArianeGroup(®]& Astrium) 7|2 ¢A
A" g A5 BV #HAA FH
st7] #2007 B =g g A4

ElCe: Thrust Cl

Gas Generato

- Boycles 98 cycles + 46 ignitions
- 8,900 s cumulated time 4000 s cumulated time + 36 operation cycles
Al reusable Turbo- Al reusable Gas- |~ A Lox/Methane reusable

Pump: Generator Thrust-Chamber:
= 30t thrust (sea level)

2 MW power (turbine), >2 MW power,
100 bar pi head d ted regime tested (for
25% and 75% operation regime throtability)

> 60 life cycles
05!

ﬁ A

1m long
> 30 life cycles

capability
> 60 life-cycles.

I
PDM J ator tested

Fig. 24 Development test history of pathfinder demonstrator
models for ACE-42R enginel17].
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= A7E AFEEA, 20168714 A FAF
(r22A87), HEEZ, di7))e AEF g
3} PDM(Pathfinder Demonstrator Model)®l
gk A RS St hFig. 24, [17]).

NE FAF 2 FA7HL F 2~53]9 HY

°
HE Ex 2 5, ZlAle A vy AEY
EMBRAER 135 regional jetZ 7|§to.2 HA
AUtH(Fig. 25, [83]). =42 &4 & €A F
A FEo FAZHE wiAskE FEolH, FX
Al WAE 4803 o]Fe] MY FYS NHAEF
AAEe] S AT A= 2d AR
THE 7 Ao otEr

FR71F A AEYE ACE-42R M7 7hxwt
A7) Abol &S 7FAH 420 kN9 23} 343 s9f
=8 74& 7FAt ACE42R 7L 308 o]
A AAAES ZRE &, PDM A PSS Ea)A
ZheAy 719 Aaxvle AAE 2R FHES 2
A& Edsith HEPEZE 3o A B
Aoz 839 NPT FHPHJAR, F3 AF
AZbE E3o] 1.8l sEshe =]

AH17].

2.11 JAXA/IHI engine

HE FIF ML AF7]FA JAXA(Japan
Aerospace Exploration Agency)$} THI= 449
3 T EokellM AAS7] #si vl= United
Launch Alliance(ULA), Lockheed Martin(LM)
2 d¥E 7|4 EF Galaxy Express Corporation

ACE-42R engine

« Gas Generator cycle

« Thrust: 42 tf
« Isp:343s
« Life cycle: > 30 «
« Throttling: to 25 %

Pressurization System
+ LCH4: Autogenous
_+ LOX: Helium

Propulsion System

Fig. 25 ArianeGroup’s space plane, propulsion system,
and ACE-42R enginel83].

olgte= WA 71YS 20039 AHIATH AtH
AR (GX) ULACNA F53ke Atlas 'ZAA] 9
common core boosterg& 1o AF&3FaL JAXA
JHIA A AlFA Adste W8 d5 F3713
< 2% 283k A ol th(Fig. 26, [84]).
20070 wWEre dgz A3 2ghe] i
AZHA Aol BHauxHF o, AAAA A
Hl & Z7tet 18 R g g 2444 F

FE@ AR AT Roks Lol Wl
BoR 48 EE 3 4UAY B BEL
e A%a) 2 A4 = ATHs5]

S35 ATH(Fig. 27, [86)).
MZE 2hvl(ablative)d A% LE-8& 107 kN
Feo] Tk r] Aol 2 o E 60029 ¢

[
;

JAXA developed

Private company

Fig. 26 Launch vehicle for galaxy express programi(84].

2003] 2004] 2005 2006 2007| 2008] 2009 2010] 2011 [2012[ 2013
7 Development star

7 Development canceled ||

[ LE-8 engina (100 kN class engine) |

Fig. 27 Post GX project liqud methane engine
development at JAXA and IHI[86].
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FAZE AD FA 220022 APS ATHO 2 33 Utk A8 HF Z 71€FH olFE o

2 F3ysga, vFg 315 s& 2AsET o #ES ARE AR oY JSPARCE F3%

T2 A% AEFE A8 F3849 30 kN9 54 JAXAQ 7|&AQog wugow Afsd A

Y AL iAo g AFE FY3AA, 355 s FFe 2T & A HAUuh

o v FY des A ATH Interstellar Technology Inc.olAl= wWEe] &
LE-8 <lzle] H&H 2npdzhgs W 52 He FE3 283 VE BAZY dRe AL
TS 4] fE AR/ES AxVE HAE W st k. F4F FFeE 30 kN A47E
st om, 7k=Al 7] Ako]Ee] 100 kN g gg3te] UE BAVE X8 sz B4 2

)

2 A 273, 1,800%9 AAALAFHE
Pste] 356 s HIFH-S FAATHS8e].

JAXAS HIE 2%5¢ APHAY wgkalzl
ATE HIE O Z ArianeGroup®] ACE-42R <%
ElREX Jdte] Foslr|= stHaL[17], 20134
FHE vgdile 4 AA Hi sEe=
2o1&87] A% AFF WEA Aol E(Full
Expander Cycle) 17 A5 APt Aot A
TR 2% AE 30 kN S oo
2 3t loH, AZFALAE AAE vEo
uFAlM wFH 370 s GAol e Ao
@l%ﬂ%‘;v}(ﬁg. 28, [87]).

3 oldel AN olg e T dEef W
Fd' AR 7EL 20199 FH JAXAANA &FstaL
S+ J-SPARC (JAXA Space Innovation through
Partnership and Co-creation) 23S 53l
Y& startup 719X E8F2 AFEo] e

A3l A TH88].

A WA Jde e AEA MOMOE
Nete] WAEA Q)& Interstellar Technology
Inc.[89]2A F<& WARAIR] ZERO+ 500 km<]
A=l 100 kg olste] AEES Sd= e 5=

AN=E T

4 =2 oX ok
)

Fig. 28 Regeneratively cooled 30 kN methane test
configuration and results[87].

N
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rlo
(]
e
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N
o)
2
L o ©
4
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N
=
N
L
2
m>"
o

H =o)L LE) WA 71 Space
Walker2 717} &% vld7] ejo] -u3
7 (spaceplane)& 283 VTHL(Vertical Takeoff
Horizontal Landing) @ SSTO(Single Stage To
Orbit)y& &3 AA= ASdF, 5783 % 3
E44 AMul2E E82 3oh(Fig. 30, [91)).
Space Walker®} THI Aerospace= 2018'd 8¢
@A de AAE EAE SFFE A" T
of Hd 4= dY dFS AZskar[92], IHIC

A LNG FRA2H M 9& Fdste A

o7 9%& FEIIATE o] Foel wet LNG
Al Wk ZleAde weka, 20201 4ol
space planedl IHI®] LNG A& /N#Fste] A}

Fig. 29 Interstellar’s ZERO launch vehicle rendering
image and thrust chamber test[90].

Fig. 30 Space Walker's space planes[91].
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&3te Ao® F71 Alke AAsAH[93].

212 TQ-11 / TQ-12 engine
20151 o] el X7 A o) H(hEE LA ol
e A9 F= VYA LandSpace[12, 94]+
Blue Arrow Space Technologyztil €AV %=
%t} Landspacew= 2018 A4 115 1] =H
Z1eE 7I¥ro 2 3¢ AR Zhuque (FA, %
)15 (ZQ-1)E E&35t T= URYA 2=
& ANESIROY 3T A A o
AR AFeA FEagom[95], nAXE A
AoR A FrEEQ
Ao 2 ®IITH9E.
ZF= R BoF Hx=

S AFEEhs 29 E WA E 20219
TAE ERZ I glon, 4E HojREE
LEO°| ¥ & 3= 4%E 7 &24 2A

Aoty ZQ-2 HAA 19+ Tianque(Kil,
ZH TQ-12 A 4707} AHgEH, 2'o & TQ-12
o 1FE 19 TQ117F 2¢H FeE 282
of 4 o] Th(Fig. 31, [12]).

TQ-12& 3 80 tf, HlF¥ 337 s 4% 7}
29t 7] AbolF dlRlelH, TQ-11E 171 B2
zZol 47 A&xA FAE /MR F9 82 tf, ¥F
g 357 s A% 72y Alo]lE Qo= 2
ol Hyo] 2 AAAY ez ZFIc
M A 2 T/ AL A7A g Al
e B3 4% 2 VT HES s U

TQ-12& 20199 10€¥ 200% I&aAE 2 FAd
NEES A2Hoz #8597, TQ-11e 20204
6¢¥ 2,000 ALAF B £25° JAEARES &
23} thFig. 32, [95]).

Landspace® 432 ZQ-2 /NEE T3l 4
A EAAEI2~E 20219 AIFE AlFolH, 1%
AR TQ12 FEA S Fall 15-E FHAF Al
AX FAAE QAT Aot £33 7Q2E
3gg o gty BAEE FUkste] LEO
32F, GTO®| 14E9] FHolZEE FYT Ag=
TH3ta AThFig, 33, [97)).

213 JD-1 / JD-2 Engine

iSpace(EIF4HE, B A YK, Beijing Interstella
Glory Space Technology, [13])& 2016'd H|<]=
oA Ay®E WIZF WAAME 2 Z]dolH, 2019
69 UARE 4to 2 F4H Hyperbola-l Ak
Ag ol&ste] F= WY HxE AFHA
< A=d Fdst=tl A EsHAT[98].

2021 gRE7] Al@Evde HERE S Qe
Hyperbola-2 &AAI= HA|do] 28 m, 1T A&
335 m, 2% AF 225 m, o|FFE 106ESE 1
@42 A 7Hed FHE AAEHNY. 4 &
A AAEES fE WMg dsE AREstH,
Focus one(Code Name: JD-1) 1x-& 1¢ 971, 2

Fig. 31 Layout and engine configuration of ZQ2
launcher vehicle[12].

200 s Duration & Gimbal Test
on Oct. 2020

2,000 s Duration:
& 25 Gimbal Test
on Jun. 2020

ZQ-2 Launcher Series !
)

[

ZQ-2A ZQ-28

Py Y ——

| e e

Fig. 33 Landspace’s rocket evolution plan[97].
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TAOoZ LEO°| HolZ= 19
Ex 2 3oh(Fig. 34, [99]).
A A JD-1 AR 7pAwA 7] Aol E <l

=)
40% 7tA F8 Aol Jhsstth. 20199 6¥
, 2020 5¢€ AA3}
7 aﬂ_ AN & A3

>
o
o
a1
S
B
N
o
-lN

RREw HASEE | ON

Hyperbola-1

Hyperbola-1 (Length; 24 m)
Four-stage solid launch vehicle & liquid attitude control engine
Capability; 350kg (LEO, 300km)

Hyperbola-2 (Length; 28 m)

Two-stage liquid(LOX/LCH4) launch vehicle
Capacity; 1.9t @LEO

The first stage is reusable

HamN | B B‘%’

[

Fig. 34 iSpace’s Hyperbola-1 and 2 launch vehicle
[99].

Focus-1 Engine
Firing Test

JD-2 The Hyperbola-3 launch vehicle
100t Reusable,

variable thrusf mqmd engine Environmentally friendly and
reusable medium/large size
liquid private launch vehicle

First flight in 2022

Fig. 36 iSpace’s Hyperbola-3 launch vehicle and JD-2
engine[99.

o2 F3gstdem, 2020 Hyperbola-19] 23t
wALel 20211 AHARE A& #1%F Hyperbola-2
o] Al B 29y ALA o] HIALE AlFEta 3l
h(Fig. 35, [99]).

iSpace= JD-1 /MY AFES nwigo=m FHx
Hol 7hedt 7t AlolE AXe=w AN
8 100 tf, A4HFE 300 so] S 7
JD-2 QAR e AYstal ok JD-2 Aol
AF3tH Hyperbola-3 AMAIE T4 F+F
e SV Ao, 194 F2EHE F71
Z|

Farete] FAL A= Uth(Fig. 36, [99]).

2.14 India Engine

PSLV(Polar  Satellite Vehicle) <}k
GSLV(Geosynchronous Satellite Launch Vehicle)
g ol&st] A= 3 &9 94 TAAMEIEE
Tkl = A= GA vE Azl i o
TE Y3t o, 71¥€ GSLV Mk 119 =
AL FZA #H(CUS, Cryogenic Upper Stage)

Launch

India's GSLY MK Il India's GSLY MK Il

TECHN
b

. P 0 B
UpperStage: 25

;G 2000k
Core Stage: 1110 I

PECIFICATIONS
040m

2nd Stage: 652
=" Cngine: Viks (800 k)

. e Viks (680 k)
© Bropellnt: UOMHAN204 4 ny.

Simpler to use and to produce Engine Thrust: 5 o 10t

Re-starting capability Enginelsp  : >360s
Suitable for manned STS

Throttling Capability
13

Conversion of
CUS/C25 Engine
to LOX Methane

Electronic control system
Radiation cooled divergent
Safety & Reliability

Operating cycles studied

» Fuel Rich SCC
» GG cycle
» Expander cycle

Fig. 38 India’s methane engine developing plan[100].
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%7&71 of AgEY td 4 AX(CE-75, 75
KN)S H& ez tiAsty] A 71xdT9

3= HWg FUPE Aolg AR VxATE

ISRO 4kat 71391 LPSColl Al 73 ZFolth3].

=7} A Ex=Z = A tig A
%EL AH A Aol A gloy A dx
2 a8t gle g2 10 f d=9 9

A% AT, HAE, B,
o] AEH= W&& FsH (Fig. 38, [100]),
A &g F<A PSLVS GSLV 1, 252 54
A =3(UDMH, Unsymmetrical Di-Methyl
Hydrazin + N204)¢] 139¥ <Ixlg thAst=
AE A7) AYAAE 18 g Aoz Ao
< Aok

3.1 10 tf Methane Engine / Chase-10

T WAy AR SFstATLE AN
A (A2 TFAEA Y A FTHAE AT
AF(AAZAAN AYEL A =" o=
el 1990 FWHEE 20009 FRE7EA] H1RE
719 (F)EHE FHoE FHHUG. MLAY
T2 Ao} MAI(Moscow Aviation Institute)
9} KeRC(Keldysh Research Center)d] 7]& #¥
<= FIlA FAHAeH, FH 10 tf 7F2EA7)
Aol wgkdloel thEk AZAEE AE T
dstal AaAFe 38T (Fig. 39, [21-25]).

2 L % =Y %
Turbopump Engine Test Configuran

Fig. 39 Rotem’s 10 tf methane engine component and
test configuration[21-25].

e
Thrust Chamber

2HA FPF A ATH A o] FE
T ATHA 2 ZIEAAETE o] R AR &
ka1, 2004 APA W 71 C&Space’t o1 A
AT A} A Vles &8t Chase-10
9] o]Fo =& 10 tf WEHAR /S A &3

C&Space Chase-109] &8HE 5 AP &
A= HAAYsta B HOPE ®lIYPAE nlgo
2 3}= PROTEUSE  AAISHA W (Fig. 40,
[101]), A gk A AT L FhA L
H[26], 20093 ©w|Fo=Z o]Ase] DARMA
Technology Inc.[102]E A¥sti #d AFE
A4E Aoz JEREARE, Chase-10 A7) o
T FIHAQ AEAN HEE T

| + 1.683m =

Elongated
forebody -

|
8.897m
LOX tank

Methane
tank

Pukyon; g Naﬂpnal Uni

ol s ‘

!
BCH,LOXxSREonTMR

——

Cryogenic Propellant

S Suppl System

Fig. 41 Methane combustor test at universities.
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32 =4} wist (Korea Aerospace Research Institute, KARI)9]

s g (@F=FIsda, S 77 v 2l EALA A T (Future Launcher R&D

tn, FEWSN & |5 e | Program Office)l A& A3zt -F71¢ 2% 7]

H daAFel EHor FYEH # EAH (2018 )0l HAEH A= 2FTARA A

Ao gEE ALdstn AAY 537 o A ARG (25~'30) thulste] 20209 F-E 27F
o .

TAE e dAAE AFATE Ade Lol I WA AddYrie AAE(20~ 28y AT

AR AFAE ALAES F 712 937 FaAPgeR £ Fojr

< MEARY] AdE T2 Aot g FAE Tl LFEAA A" AA<
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