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Analysis of Transient Characteristics for Turbopump-fed
Liquid Propellant Rocekt Engine in Start-up

Min Son* - Dukhyun Kim** - Jaye Koo***

ABSTRACT

One dimensional transient analysis was studied for turbopump-fed liquid propellant rocket
engine(LRE) system in starting using AMESim. The effects of timing of gas generator fuel valve
opening and gas generator ignition to start-up stability were researched for open cycle type system
using LOX/RP-1 to propellants. Result show that the parameters and sequence on start-up should be
considered to design optimized turbopump-fed LRE system.

= =

Hugza x4 Axe] thsl AMESmE o] §3le] 1.D A2We TAHL A% HE S4L
A4S AANLS RP1E FAAL AGSHE Y AolZol] tal sl Fastgon, 27]
AEA hziazle] g we A 8 sy s E}owr A Pl DAY B AvE
Ak oleld ATE Yo HEPEA A 24 A Axde AH A g9 AEA 54

2 A% @AE Jelslor 32 3l sk

Key Words: Liquid Propellant Rocket Engine(# A Z 7 2lZ), AMESim(o}|4), Start-up sequence

(A& AAh

LM B o8 FEHET. 7] AEA AlE7E BHES
FEAA HAE EFV} BHEBZ AdHH,
AEE HRPzA aH 2 A7 7p= @ B RAZI FE5ste] sp2dalv)el TR
A 7](Gas generator)$} BJEHZ o] s & FRAAE Tt FRAAT st=EAA T FF
HY AaE Adstel AsuAst HEe 7
- oAl Ho] st #H 3 Z (Closed circuit)E ©|

* A5, Shakgoistal ik N
ok ﬂ‘gi}o, ;ﬂ_% —vq_]é—_}i—ﬂ_ 6(—)]_:6!__?___1,_ 1;; 7]7:”:!_§]__1?1_ “’E—Eq %‘-—}—0—]'7'“ H‘:} 019’]— %1—0] }\]E‘J’]—%O] }\-]6:]
e TN Y, s e 2 VA Holz| ow ZF 94Fo] 45 ATH U7
04‘2212]— E-mail: jykoo@kau.ac.kr o Foll dFo] HALA Hox AlFHAGel A9



sqe dZs77 44 gk
AA 24 AR AFHY L FE S4o

3] Kanumuri[l], Christoph Goertz[2] & =<
A Be AF7t oFolAa e, Paulodl
9l &4 X ¥ (Dynamic model)ol| thdt A7}
olFA 7= StATH3]. EF FHdAME FE&=
EE o835t A7l 2 HAH Tol] dTH
of AlE #A Fgol do] & 7FeHS AASE
Ao4]. B dFolAe= MEAEA 2 duldA
(Preliminary design)® A ZA AT A5 77
NN Hes AFsHL Al HAAE AHA A=
st7] 93ll, 483 =21 LMS International A}(jil)
o] AMESIm[5]& ©o|-&3ste] reFsist /uE o
AZAARS A2="S FAsI Al HAS
AFEA T AEMSimel A 7| EH o7 AFEH«=
o]z, WH T FA4F olfo] dAi7]|, Tk
A7) T BRES FUHHOE Rdygdtd A
2¥& TR, AlTHAdA ] T2 W
of gk = E4S ATtk

M7 2ol eI & Yo R
o AARE, T, £
SEDES

?ﬂiﬂ W Axwse segEe syt

EA(Chemical Equilibrium and Application)[7]
iET‘::— o] &3}e], EFH|(Mixture ratio)oll dl3|
2= 3 EA4AE AT §H Eq (21), (22),
(2.3)7} #Zo] curve fitting 3} AT}

=ZEo] £ (choking)H NS W F%F2 Eq
@) e #ANCE Yed & glon, =&
H f5S TAEZY(isentropic) FE5OZ
78t
T
m=PA"\| 75 (% )
212 712247 9l E

7he A 7= ﬁg
7k ol oAy, # Al
stglnt. Al 7k

2 3
SRE) Twm wes 495E g

A3 Eé" AF-8-8F AT

ERlE 7}&“%71 M) fre Ee Al
2 75HH, HuleA 24
4), E3E Eq. 5)% & @A

offt
18 offt
rlo
eg]
Q

. '€ T
L= C,)Tt,,:mm”fll_( P, ) ] ?

60
2L ®)

(t: turbine, i: inlet, e: exit)

=

2.1.3 oo|2A|E7|

AlEA HEPEZ F2E 9 HEWS 7F
stojof 3t AlE7I7F A fEFd 4Es
Astefofgitt. & A 2FHo e Folg AlFTE
AbgEtR o, g2 AlFTE A% A 27
o2 BAEATH AlE7] UF dEH Als] A
3 54 2 fE d4 WFoE Eq. (6)F 2ol

FYS 22T 5 Aok

tilo

psAbr peA (G’Pn) (6)

pw o



@ (
v & © ) Red
T N
o
Oxidizer e T Fuel E
Turbopump i Turbopump
i
@ ; o
Y ! Y
GG Oxdizer Y GG Fuel
main valve i main valve
o~
[ (&
T —‘
i
.
Y s
CC Oxdizer (D A
main valve ! CC Fuel

main valve

@

Gas generator
@
T,, O« el combustion
chamber| Chamber

Fig. 1 Simplified turbopump-fed LRE system
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Table 1. Specification of LRE system

Main Combustion Chamber

Design | AMESim
24616 | 2451

Engine thrust(SL), kN

Specific impulse, sec 298.6 2923
Mixture ratio, O/F 217 222
Chamber pressure, bar 50 48.5
Expansion ratio 14 14

Mass flow rate, kg/s 100.46 96.29

Gas Generator
Mixture ratio, O/F 0.3 0.306
Chamber pressure, bar 50 48.78

Turbine and Pump

Rational speed, rpm 20000 18386
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Fig. 2 Transient result of gas generator and
turgine in start-up process
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Fig. 3 Turbine inlet temperature as gas generator
fuel valve open timing
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Fig. 4 Turbine RPM and gas generator chamber
pressure as ignition timing
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