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ABSTRACT

A liquid rocket engine system can cause rapid pressure and temperature variations during the
startup period. Thus the startup analysis is required to reduce time and expense for successful
development of liquid rocket engine through the startup prediction. In this study, a startup analysis
simulator is developed for a staged combustion cycle engine powerpack. This simulator calculates
propellant flow rates using pressure and flow rate balances. In addition, a rotational speed of
turbopump is obtained as a function of time by mathematical modeling. A startup analysis result
shows that the time to reach a steady-state and a rotational speed at the steady-state are 1.3 sec and

27,500 rpm, respectively. Moreover it can indicate proper startup sequences for stable operation.
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ay,a,,0,,05,05 : function of fuel density and
specific gravity
a, : function of combustion gas density

and specific gravity

ag, a; : function of oxidizer density and
specific gravity
Cl oo Cpr - coefficients of oxidizer pump

head characteristic
C1 jut~ Cs gy + coefficients of first stage fuel
pump head characteristic
Cijua~ Cs g ¢ coefficients of second stage fuel

pump head characteristic

MT : main turbine

m,, : oxidizer flow rate

m sz - fuel flow rate supplied topreburner

mm : fuel flow rate supplied to main
combustion chamber

Ful. P : first stage fuel pump

Fu2. P : second stage fuel pump

K, : orifice flow coefficient in line @

K, : flow coefficient of V3

K, , : flow coefficient of line ®

K, : flow coefficient of line @

K, : flow coefficient of V2

K,; : flow coefficient of line ®

K, ; : flow coefficient of V1

K, : flow coefficient of line ®

k : specific heat ratio

Ox. P : oxidizer pump

P, : atmospheric pressure

P, my : first stage fuel pump inlet pressure

P, o : second stage fuel pump inlet
pressure

P, yr : main turbine inlet pressure

P, o : oxidizer pump inlet pressure

P,y : main turbine outlet pressure

Ppp : preburner combustion pressure

PB : preburner

AP, differential pressure of orifice in line @

AP, : differential pressure of orifice in line @
AP, : differential pressure of oxidizer pump
AP, : differential pressure of first stage fuel
pump
AP, : differential pressure of second stage
fuel pump
AP, : differential pressure of line 3
AP, : differential pressure of line @
AP, : differential pressure of line @
AP, : differential pressure of line
AP, : differential pressure of valvel (V1)
AP, : differential pressure of valve2 (V2)
AP, : differential pressure of valve3 (V3)
R : gas constant
ST : start turbine
T : combustion gas temperature
1M B

HAZANNL HFH T35S A SAT
Wol BdrEd ol2+ o Fasit. 24
Ae 3% 2404 BAGmE P4 AT 9
deas Wxzsta glon Alegdyg F AILH
Wod71A] X3 b 3 2= Fadso] 24
& 7] W2l AlFREddA e detuy A
35 Ay Aol 53 Tasit webA A
A GACM FAH fHe Tl ALF W
WatE dZsn o A4 AR AL wI
o me 98e A Y+ 9

Aslel A% ol BE Frhgo] AFHA =
2aWe AEste] A7 AxY el Abgs
3T dEeNE AALLS AAFLE F
AAZ AHGSE 7127 A2 A2
?l LE5o] dis] AFREcA Hgrsz o]y
sk Aol ztell M Aled=Ed Z2aWS
AT oltellMe MEE Abe]E AR
o Wl Z FAEFSES AL dA WAE
+ Q=S



64 0

x|

A 2] FHAME AL AtolZ <l
f3 AlE sid ZEaRs fdste] AlE
o g dA7E FIsHYH. 25 =EF
AlERE B ol2s AtE A
54 W A7E FIReH3], F
S P S 75 B A g
s 4 FAAT4]

2 AFdAE dadrAte]lZ A ZAN
v Hol thek Als A AlEEOlHE AHEst
Alsoll A BddE el olzs TR &
54 AyRgH

2,

2

o
%S oD oox 2

> ou
2
2o T
o

£ 4

oX,
o =
QQ
re rﬂ\i —_
T el
===
ﬁ fr
i
B .
»orf
. o b
oAl
o, s
(g =
o
2 o 2
1o

>
2 oo 2
o 2 g @ oq =
T LR

o)

N
LU

o
ot
24
i)
o2
ofr
ol
G
(ot

N
3 N
>

i1t

fru

4y

- of
P,L‘
H
J
s
ey

FRCES
A9tk ahebA o ]
A- fakol Al Fa 4% Ax
o A

AgHE A e

of
)

j=|
==

rRkl
B
N
fru
Jo

= AT 2HEZ AR A
E2 ggo] aFHe ARV F

Fo
oy
i

SO
N

O 2 a2
2
(o
fu
£ ¥y
rlo
N el
L)
2%
el
L)
(o
ol
re 2
il
IR ol 4
£ o oy

o &
2
f

=

ofy |
ey

i
fr
i re
kil
1o

2 oof

of\

—_

_)|J_1‘

re

il

o,

o, ML
[ rlo
‘e
B>
N
i

[\}
Rl

N ke (M

nj

>
°
>
Y
1
2
re
T
B
:

o
o

¢

B
of4
ol
P,L
fr
2
™ o
oo &
of & & e 9,
$4E§E>”r
o b T -
e [0 o o
S.‘E'O_)Ll-m{)h rum
& o Ty
)
o,

M)
o ©
P
%O(:l“

o
ol
X,

2 o

Q

__>.4_,‘
S
ro
iv
=
N
rl

=
S

gz A AlE a2

_l

22 AlE Al

Fig. 1 (@) Staged combustion cycle engine (b) Staged
combustion cycle engine powerpack.
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Table 1. Startup sequence.

Step | Time(sec) Command
1 0
2 0.38

3 0.58

Start turbine operation
V1 Open
V2 Open

V3 Open,
Start turbine stop
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