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A Study of the Transient Characteristics of LRE Startup
for Using Several Starting Gases

Yoon Wan Moon* - Seung-Han Kim* - Woo-Seok Seol*

ABSTRACT

In this study, it was investigated that the characteristics of startup and compatibility using several
type hot and cold gases. The characteristics of starting LRE by pyro starter was compared with that by
a He spinner. The compatibility of pyro gas, a gaseous He, H2+N2 mixture gas, and air was
mvestigated by a simple 1D turbine analysis considered the properties of each gases and turbine
efficiency. Most of them were compatible to start up the LRE but air was properly used only when

the turbine was low power mode.

= g

E a7 U 7IAE A AMEAARY ANFEAR R AP, 28n Z8F Tl d3l
—'%}s}ﬁﬂ} AR ANFEAHL Hol2 AE7] 2 He 7|3 AlFd dls] @3 on, so|2 AlF7
% He, H24N2 E§7|4 18lx 37 $& F5UE=2 & ug Ag AP 84 S oisf 22
A tiREe 7A AR AFE éﬁr AL wEAIE AL ¢ F AReY, FVY BF
AFEe] Aot ALY & e RS € 5 Ul

Key Words: Liquid Rocket Engine(® A £ %), LRE Startup(AAZA AR AF), Pyro Starter(T}o]
2 A7), He Spinner(He A% 7]), LRE turbine(A A ZA AR E )

LA B Al BeE BARAlRE Hol BASIIA

o WA BASeloF Bz WE /5L 27

YA AAZAAAY AFL FE NG 22 6% BE A4 AN 878 €
272 oY olfE WA HEE FA ol AAAANAY 7EA oA ol =
A BAE Ba 24 BAY 2E BP0 7] AFY 2T2AE B3V A8 U P
X WA RAE BaEANEH fow v o] AgHe} Fovl A THolz NFE A
$9 BY A5} 9F 59 /AE A4 A

o X

9 7%
)

* ARYTFATYE AX2F A AFE ol AHE3a AT 2]
AAA}, E-mail: ywmoon@kari.re.kr B dpo e 7la 2ars gHule 289l

— 216 —



power pack Al@d] S0 HWol2 A FNE A}
g ot AF 59 JIAE AHET Yo AT
4 Wgeg =23 4% A AF 484 58
AHEDA o 2zt thE] AFgAl oA
2 HEA 28y 84 JRE AyEuz g
Rt

4 ofo

2. 0|2 biiZ X ARl AIS

21 o}&4 A
AHEAARY AFELS Fotstr] fsiA
AR FAFA NF S 543 % 7}
A7) g Aarlel daBAe] e B
b ujg g B B4 5& votsle AR
Ao g AF=E FAAS 1o whet AR
WE AH A, Folg AlFe A
HEgzo gl 58 5¢ 3
5L =X He dxy

of

e I rr

) 2% wust B9nE £E%Y ANe o f
Fol e #3AL $2 nAstd AgAZ

M HE Fxo Hule A
T 28 34 2 34
q&38t7] HAME BA E
of 31 ERIME AlF 7t7

Z9) dwA Al B,

1) 7}/\ W7l @ div)e 383 giolagn
A Aol ST weh §F B
EFE7E At we) wElsked o] w v}
& A7) 9 Aavie) e sietd 3y
olgts 7HgTc} shx WATINE F4T
AE FEdHolnz HAY AFBE ge

ek Sl ?Jﬁ%loi gaste] Az
Zo w2 A AHejsidor AL
ot 7Pgsteh Ed AW A7l ¥
&5 (cavitation)o] FAL 4 3l
Ag& EdFdrde A=I(ER
g3 2232 Q29
ofet AF el sequenced
Fr&3tA AHEE & Utk

o 12 W

X

22 43 AlE W[2]
Widle o939 WFF A=t
AE 27e) gege gew 2o
I) Solid propellant start grain or start cartridge
o] W& 7k A7) EE preburnerg 7t
etz HRlE FEAIEH AMSET 2 A=
Titan 119 193 2@ AA(HEFLIFE FA
Ay wFSLA ALEY AFe2E HA(F
NS dFEHoE FS F Uk olF dA
drE sel2 AF7I7F HHl FE3 Al 7t
S Y)E HEhske Hitdog ASHT gle
W ol WYL 7 wE 78 UHeE ¢
#HA dou AFSE e A oAHE A
o7 ¢l St
II) Tank head start

o] WYL SSME Sl AHEHM dAzZ FEFA]
Zrol wj$ =9 AoE <A 011:}( ]g =9
SSME®] 7% AAdE =g AZ7A &% 4z

&8) 2 FHeEE dgolz AF7I7F EF
a3t AR JHHEE AFF) HeEHA T
o R RE TAMA BAe 3 59 B3
o) grg e FRA S W 5L 274 AT
gtk ol e BEL Hulel FEHA wek HA
3 gEel SUkeASE™ £ e dxe] #A)
o 58S e HYo] FA Y3t
F7betA Ao
III) Auxiliary pressured propellant feed system
o] Wi x7|9 FAAE AL7IS ThE

—

s
P
AN
lo
il

- 217 -



18000 — 60
- .\~\ 7
E p N S
16000 |- / e 1
- g )
[ / - - i
14000 |- Y - ]
- Vi '/ -
[ /o ]
12000 [~ /o ! 40
- i / 1
- /o o
10000 |- I/ >
z P 30 &
8000 |- Vi &
[ / R i‘ H
6000 / &f . P
E v ]
4000} / i
E/ —110
2000 g
Z .
e M Bl sl | T | 1
% 1 2 3 0
t
) Engine start using pyro starter
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b) Engine start using He gas

Fig. 1 Engine main parameter built up trend for two cases
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Fig. 2 A gaseous He pressure vs. RPM
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Fig. 3 G and C, ratio distribution along turbine

pressure ratio according to several turbine
starting materials
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Table 1 Properties of several starting materials

Cp J/kg - K) 2 R (/kg - K) Tz, &)

He gas 5190.3 1.67 2078.5 300.0

Pyro 1 2054.3 1.257 420.02 1373.0

Pyro 2 1874.3 1.28 410.0 1048.0

H, + N, mixture gas 45521 14 1300.6 300.0
Air (NV,) 1004.5 14 287.0 300.0
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