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ABSTRACT

Liquid hydrogen/liquid oxygen rocket engines with highest specific impulse have been
developed since the 1950s and used until now to maximize the capability of space launch
vehicles. Domestic liquid hydrogen infrastructures for the production, transportation and
distribution are being expanded at world-class level with the rise of hydrogen economy, which is
a great opportunity for the performance enhancement for indigenous space launch vehicles. In
this paper, feasibility of applying liquid hydrogen as a propellant is investigated in various
aspects. The status of domestic liquid hydrogen infrastructure, the technologies required for liquid
hydrogen engines, and operational aspects for safe handling of hydrogen are reviewed. In
addition, test facilities for developing hydrogen engines are introduced briefly.
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Table 1. Comparison of the properties of kerosene,
methane and hydrogen.

Item Unit |Kerosene| CHy | H»
lecul
Molecular | 1] 180 |16.04] 2.016
weight
Density kg/m? 800 420 | 71
Melting point K 226 90.5 | 13.8
Boiling point K 573 |111.5| 20.4
Heat of 1, 00 | 251 | 510 | 446
vaporization
Viscosity  [107% Pas| 239 854 | 98

Specific heat |J/(kg K)| 2,150 |3,620|13,155

Critical

MPa 2.4 464 | 1.29
pressure
Critical K 640 | 191 | 33
temperature
Gas constant |kJ/ (kg K - 518.3| 4,124
Th 1
M wmE)| 016 |0.165] 0102
conductivity

Calorific value| kJ/kg 46.2 55.5 | 141.8

Combustion

K 3,840 3,673 3,408
Temperature

Exhaust

K 1,846 |1,676| 906.6
Temperature

specific heat

. - 114 |1.146|1.227
ratio()
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Table 2. Index value ¢ for stages[13].

Version
Rocket type
Viypop = const | M, = const
Single-stage rocket 0.85 0.50
Multi-stage rocket
-1st stage 0.64 0.10
-2nd stage 0.32 0.14
-3rd stage 0.24 0.15
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Fig. 1 Comparison of specific impulse for various
propellant combinations.
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Fig. 2 Development status of liquid hydrogen engines[15].
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Table 3. Major liquid hydrogen engine and specification.

RL10B-2 | BE-3U Vinci YF75D |RD0146D | LE-5A LE-5B
Country USA USA France China Russia Japan Japan
Cycle Expander Exlfl;zr;jer Expander | Expander | Expander Eprlzreljer Ex]gzrel;ier
Thrust(vac.) 110 kN | 710 kN | 180 KN | 88 kN | 68.6 kN | 121 kN | 137 kN
Mixture Ratio 5.88 - 5.8 6.0 - 5 5
Expansion ratio 280 - 240 80 - 130 110
Isp, vac(s) 462 - 465 442 470 452 447
Combustion pressure(MPa) 44 - 6.1 41 59 3.98 3.58
LH2 TP(rpm) - - 65,000 98,180 51,000 52,000 -
Lox TP(rpm) - - - - - - -
Length(m) 414 - 42 34 2.7 2.7
Dry mass(kg) 277 - 280 227 - 248 285
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Fig. 6 Comparison of engine schematics between gas generator cycle and expander cycle.



56 =g - way - YL - sy HEE SIS
2 74 & go] A ofo} SHT2s).

3l
el S HFrh depoR st Zzte] Fo

gk o] B9 Y Al 7Hed
o #go] AMAA =Hel, Fig. 70l AA
39 1A} oy, 5 o ¥Hn

Jhgke] "2 3tt}25,26]. AAgFLe DE7t B
o] E|REzZo] 3)AFrl Folof 3hm, A
T4 PHEes dibrom B 493 o) A
ot Hzol I Hgrt Fobde| wel AwlE o]
A LAE T AFA A7 sfdEofof
gtk =3 HlojHo) ¥xe ST RFE & A
oM 5 QoA dAFL: AAZ 2L 3
Turhine—l rbine ‘—Housing
| = e

Turbine
Discharge

l
f

Spline/Coupling

Thrust Piston
Seals device

Fig. 7 Schematics of turbopump of expander
cycle engine[24]

collector

Coolant
supply ring

cooling
channel

Fig. 8 Schematics of cooling channel of
expander cycle engine[25]

B Aol ZAA A7 AYYZ ADe
Q7o) g B ool HNTE $YL Fust

7 Slsl 8@ GdBol Hofo} 3n, ol 9|
s Fig. 83 @ol Wzuol g} Axiel
Hol7k 7h2y7] Abolgol wls) DojITHy],

42 3 dA|Fa A AP
PN

E A FLE AY =
Bt o] A AA A8, 1
o Fag7], AAFL AW} FrhHh

A s A4
i, A-AFEY A4 A
o AlhA <1Xle HAAe Ha =

9 FaE olRolut. W FA(XLE A

2
N
215
N
o
ok
N
X
M
N
N
[
g
©
i
ol
B
il
B du

AAs7] A HAIIAE AAGEHE A f-ol
Aas A7 AR 24 AATtEE A2
25 AHEST W HA o] AHRE T4 7]
+ flare stack®Z Folx HHo| 93] HFRZE
olFHM, EXRE H3/ALAA AATOLEA
GAE FAGT ARAGANA MEEHE F471
A Fos 3719 FEd o5 ZHE
°]%= ™ vent stacks F3te] ot wj
o] uf ZA wir1HE JbEste FAHd

7} HIE 2~"go g RolA {53l Zlo] &
|

T )

2

G



263 HN25 2022, 4. Y| /AN ML 2IAAE JE HE 57

_(_Hydrogen Supply System )

Liquid
Hydrogen
Storage

( Hydrogen Gas Removal System )

| Flare Room vent| |
! Stack stack i
| i
. i

Test Stand
(Atmospheric Pressure)

E ol L)
Run Tank

Pressurization

High Pressure
Hydrogen Gas

Gas Cooling and Treatment ‘

Test Stand

Gas Dynamic Tube
(High Altitude Test)

‘ (Cooling and Treatment) ‘

Equipment
Room

Fig. 9 Schematic of test facility of liquid hydrogen rocket engine for combustor only and engine system test.
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Fig. 10 Schematic of test facility of liquid hydrogen rocket engine for turbopump and valves.
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