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Conceptual Design of a Turbopump adopting a planetary
gear system

Jinhan Kim* - Eun-Hwan Jeong* - Chang-Ho Choi* - Seong-Min Jeon* - Jin-Sun Kim*

ABSTRACT

The present paper describes a conceptual design of a turbopump which employs a planetary
gear system. In a launcher system, weight is one of the most important design factor. In
turbopump systems using propellants such as kerosene, or methane, single shaft systems are
employed because of simplicity. One of the main disadvantages of this system, however, is the
same rotational speed of both pumps and a turbine which forces to operate under non-optimum
condition. To operate each component in optimum or favorable rotational speeds, a planetary
gear system may be the best choice when the compactness and efficiency of a turbopump system
is considered. A conceptual design and feasibility of the turbopump system adopting a planetary

gear system is suggested.

x =
B oERe §47101% A9 Hugze Adadd tated Estdn SNSRI NE A
NG FEE AADA F el AL FL ATE AL A8 HEBZ A EY A

| A% wge aAgLs dagn 33
L7 Bt A HASlA AESa ®

e HRsEE ¥ BoA0l5S Hojaks) AsiHe HRBLe) f47]0]
§31E Zlo] Hylel wpgel ohdz Bk B =RANE £4710% =98 Hugxe) Y

S} 7hs/del thal Atet A

T
o
Iz
o
Lo
fol
ml o
N ooN

B

Key Words: Turbopump(E] 238 ), Planetary gear(-+7d71¢]), Pump(® =)

LM = A 2008 FEFFSFATY

* ARYPBEFATY HUYTIF # 78 % (open cycle) HA
A2t & 2}, E-mail: jhkim@Kari.re.kr 3 HEFZNES 28535y [1- ] o] H|H ¥



M
o, i
> ok ﬁ
g o
fo rZ
o 2
o of
i
Z
O ox

U fo |u
o
2
o
2
2
e
2
aic)

=
Ky

(6 g8 fu

~
An)
XU
o
rir ot
e,
o
ot
2
4
i
N
(ot fr
o i}
Wore = o
)
i i
=)
Lo oft A 2 > o o K 8

L
> ode RorR

3

Lo,
]Iloll
jinss
ox
olr
S~
Rl
L
=2
>
N
e

£
Mo

034“_1
i
T o

Lo I
x 2
s
ot |y
2 o,
ok
n‘,loll
Mo o
2oy,
¥ o
o
PR
SR\
SN
fir o,
R
re P
il
|

e

ZNE TFe) sojurE wesa

N
=
©
[
P
X

b
jind
3
R mg‘_{
5 L
1 g
s
o>~ \.m HU
R
40 # 5
I
L
b oo B fF off o o N

2
~
£
% i
d
ot
o
f
o,
[kl
>
[~
o,
o
=
ol
ol
£

HEHZ MAQTZEAL Table 13 7ol
= o} FYsiH, oyt
F3ro] WA LA

ddso] EPUL

3. E{EEI AIAE M7

31 EJHEL Fololy- Al

HEFE gololxd 7]E9 30EF HEPE
[1-2]¢9} 543 /IES 7HX 3 AASAS. =t
A BlRPZ = Fig. 17 o] psiAlEzZ /727
(separate unit)/F+d 710/ ARZHBEZ/EHRY o
2 7%t F, AstAEze APz /HA

o A7 Fol §47101% WAz AHaAIH
=9 Aryz/ e NA5E geFOoRA
A7) A4S FFehdch

Table 1 Turbopump design requirements

LOX Fuel
pump | pump

Turbine

Flow rate (kg/s) 64.1 29.1 <44

Inlet total pressure (MPa) <0475 | <0.28 5.78

Outlet total pressure (MPa) 9.81 13.00 04

Inlet total temp. (K) 95 288 900
Density (kg/m3) 1,117 | 796.7 -
Power (kW) <837 <737 | <1574
Efficiency (%) >64 >63 >b1
Axial thrust (kN) <2 <2

- Operating time of turbopump : 320 sec
- Gas temperature of pyro-starter : 1300 K

- Starting time : < 1.5 sec

Seperate

LOX Pump
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Fig. 1 Turbopump layout with the planetary gear [3]
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Table 3 Turbine preliminary design results

oF 40% ©]’¢ &5 Table 290A] old(7]1&
parameters old= present] s present2ss
AEPI)Y 4 ¢ 582 AFgAFgolh
- . type Supersonic Impulse
58 9 3L Table 19 WALTEAL i = ’
wESE Aoz ueten, FU4Ee Ay [0 ! ! ’
7E 0EF dRHZ FYAE 2FEAHEY A (rpm) 20,000 30,000 30,000
&R 400001 )41E TeisE FRa gt | T® 0 1000 1000
L3 Hoz o ArETh , 145 180 180
ufe,, 0.28 0.26 0.23
Table 2 Fuel pump preliminary design results M5 059 0.58 0.67 >
Parameters old present D,,(mm) 280 194 167
EOtaFi(;I(lial spged (I‘pm)f - 20,000 30,000 Mass (kg) 394 195 20.8
equir suction SPECIIIC Spee "
(rpm, m3/min, m) 2,200 3,300 W/m kJ/kg)| 3% 392 453
Head rise (m) 1,340 1,633 * ! measured, * * ! estimated
Impeller outlet diameter (mm) 166.0 107.0
Axial thrust (kN) <2 <2
Overall efficiency (%) 68.8 72.6
Mass (Kg) 34.1 19.0
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TFd3te wFgoez HAE JPsAt. 2vdF Fig. 2 Turbine configuration (left : flow passage, right
S7He Ao e o5& Hu HSZHo=w : 1st & 2nd nozzle array exit view)
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Fig. 3 Rotordynamic model of turbopump
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Table 4 Ball bearing configuration

Old Present
P
arameters Fuel Turbine Fuel Turbine

pump pump

rpm 20,000 30,000
Bearing 6207 6210 6204 6207
No.
Bearing | a5 70.17| 50x00x20 | 20x47x14 | 35572417
Size (mm)
DN 0.7¢6 1.0e6 06e6 | 1.05¢6

Table 5 Mass and mass moment of inertia of
rotating parts

Old Present
P: ters
arameters Fuel Turbine Fuel Turbine
pump pump
Material 17-4PH | Inco718 17-4PH | Inco718
Density
(g/em3) 764 819 7.64 8.19
Mass 19 627 07 2.44
(kg)
Ta=Tw | 9000 | 3280 | 313 6,450
(kgmm2)
e 380 | 65300 | 568 | 12900
(kgmm2)
8x10*
7x10* _’A’A’A—‘A,__‘——‘A——A’A"‘"—A’—A—A’;—r_\‘d‘;I'V_V—ard whirl
ex10* |-
s
& sxio - .-
g 4x10* | 1st forward whirl /./.,04"":—::7@»
E axto* ;°/'/././ e . 1st critical speed
= " -7 44,000 rpm
S 20 -
_-TX
1x10° | i
ol=" - 1 Il 1 1 N
0 1x10°* 2x10* 3x10* 4x10* 5x10°

Rotational speed (rpm)

Fig. 4 Forward whirl frequencies

Fig. 40 3 1/HAFFE 227H2 e
=y, 3dA &z Z7ld weg AolzAzT
(gyroscopic) Etel olste] HA BAAEFE
S7reHA dnh 3d £x9 5719 1X F3
A=t 1fAFFe) s o] dASE

3, Fig 4M%E FEE0] 14 QASEE

o 4 rpe



44,000rpmelth. HEEZ HZA 3H &Fkr) o
30,000rpmol B2, YAA Wl &S 7etst =
Hete F&E3 28 o mixle] grd 302 of
D= 2t

=

74 =
WA - A 24 T A 2bA-w g o)

A HEFZE 54 15352 559)0=2 /e 1.

= Aks A3

A5 u}euﬂ 99 §945E nA 0 o
AL v A
31 Eﬂ-ﬂ_-@}i A =
g9 58 FUEE st §497]018 BHEPZ
;5].9.3]-—‘;— 7Hw‘—°— % =ie Fot AAskoh

AQE
ﬁ—lﬂ
mﬂ#
o
o o
v
2

- 609 —

=53, 2005, pp. 375-383.

T4 Ad, AR, 2R, 30EF o
AZANNE BRPZ Avjd AF,” 3=
F2%F53]. A 13W Al 33, 2009, pp.
20-26

Al AAE TFHIS H

BEx AzH 5329 F (598
10-2009-0128977)

. Kim, D. J, Hong, S. S, Choi, C. H. and
Kim, J., "Effects of Fuel Pump Element on
the Cavitation Performance," Proceedings of
60th International Astronautical Congress,
International Astronautical Federation Paper
TAC-09-C4.P.1, Oct. 2009.





