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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 seems to 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.
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Table 1. Turbopump design requirements

LOX 1 Fuel o pine
pump pump
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) 9% 288 900
Density (kg/m3) 1,117 | 7967 -
Power (kW) <837 <737 | <1574
Efficiency (%) >64 >63 >51
Axial thrust (kN) <2 <2

- Operating time of turbopump : 320 sec
- Gas temperature of pyro-starter : 1300 K
- Starting time : < 1.5 sec
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Table 2. Fuel pump preliminary design results a8 2 =382 Table 19 AALTERAS
wEse oz ushion, 4% 3%
Parameters Old* Presents JE 0EZ dugre FYAS ’é@%‘_i}(g—?}
Rotational speed (rpm) 20,000 30,000 Hl &% 4,0000] /\01-) 5|2 THEE 283 gA}
Required suction specific speed g Aew ogdE
o 2,200 3,300
(rpm, m3/min, m)
Head rise (m) 1,840 1,633
5. E{EI JHEAMHA
Impeller outlet diameter (mm) 166.0 107.0
Axial thrust kN) <2 <2 Fro] 7L 7 HWe vegy 29 (F
Overall efficiency (%) 688 726 HE3) F 7 FeH2 dAE JAYPsiAct
Zzg8 o = o] =] 4] o) =
Mass (Kg) U1 190 H]E—ya E‘jr 1017] Hoﬁ Eil_]_]:‘?_l__—l—‘— O]
2 A 900 KETH E& 1,000 KE 2339
* I measured, * * . estimated E][_ %Lgé_g_ O]FH }éﬁ]g‘_ 'PF/\]':} '{‘—,\—EH]% _—TLéj
st thal FUHE FHAFE FATALY o]5o
xo wla] 3HFE o A APE Aok o Z 7dss Bow HA2 ARA. 29
Ad]lE AHEstd Fddee A 2y 3 7 olgaly] 98 HFARAES B =LA 7A
7S ASARERT =8 50000 pme= A w opge} sl 02 olgAA HEE FY
A FRFIS A ArquAE eAHo
2 APNgozs g wF FANANDA 5
Ao 123 AA ZFE Table 3¢ o] WA F A3
4 B= g ulsste] UERHSITh Table 3014 X BN @
vz v [e] = vz v
AstAE e A 71 30EE HEHE[L, 2] Table 3. Turbine preliminary design results
9} FYstEE B =FdAe A Ay A
Falgon, Adgdzo] MALA A =4 Parameters Old# | Presentl#* | Present2#+
Aoz AWt MIdA = A AL type Supersonic Impulse
3 1219 HEZ A AZEYAE ALEst 3 # of stgs 1 1 2
At Table 20 HAZAH}E 7|ES] AsFE
=3 e | 4 ]Eijr 1= B Rotational speed (rpm) | 20,000 | 30,000 30,000
o Hastel dehigleh 8057 weldel w
A aTHE FYHIEEIL 2200004 3,300 T &0 90 | 1000 1000
2 Frhstd ey, ¢dd8e AR tE as) Pressure ratio (m,) 145 180 180
L AAHor HAx BAZE 341 Keolx
aoh. A27A Hx o] FAZL gl Al e 028 0% 023
19.0 Kgo& 2 °F 40% ©]F ZolEUth Table 2
Al A FYHE S (suction specific speed)e] 4 2 Ths 0.59 0.58 0.67
t 929 Eq. 13 2o Eq. 1914 Q& &%, D, (mm) 280 194 167
NPSHE FaE3UTFFE iR
FEFUTTE Hepdo Mass (kg) 394 195 208
_ rpm \/a W,/m (k]J/kg) 335 392 453
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* . measured, * * . estimated
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Turbine
Impeller
Front Rear Rear
Front Inducer seal seal bearing
Nut bearing ;
\—\
Fig. 3 Rotordynamic model of turbopump
Table 4. Ball bearing configuration
Fig. 2 Turbine configuration (left : flow passage, right old Present
 1st & 2nd nozzle array exit view) Parameters | Fuel
u Turbine u Turbine
pump pump
9 FAE 50% 7H7ke] EEM, HY 298 rpm 20,000 30,000
BE fFoz whe @el ME(m/m)e 7E :
o i A (/m) Bearing 6207 6210 6204 6207
ElQlo] Hl3] @3 (presentl)e] A5 17%, 2T No.
% (present2)2 35%2] o] 7hed Aoeg B gf;“?fm | |35X72¢17 | 50x00-20 | 20<47x14 | Hx72x17
Q1) Table 39 A 7= BT A%, uv 599
BEHAEE, o8 2EETANY wangs [N 070 | 106 ] 966 | 1%
%, g BY E5E, pE B0 FHAZS
Uebdth Fig. 2% 298 ElW9] e 4 A Rdg ol vehfdith dsdz -yl 3d
g nolz A AErE JE, A Wold, AFA, 94
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HAA TG AAZRE HPE 2 woYo
6. BIFIAISAE! JHHA F2E Table 49 JERHI, 32 RESe)
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NE AYE 0EF BRPz) ga] A4 W UER LT Table 5914 3% W2 2 e
Ao] o]RolNE BRo AgHE.gu A2 1‘11 3d BE 9 e o WEFY y LT

A, AA IHEE7F 71E9 20,000 rpmol A
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Table 5. Mass and mass moment of ineria of JAFE v=2n Hzo FIAFS 11T o
rotating parts oA tl& Iyt #ASH. o]y ZAE 3
23ty HEHZY FEAE HAFFH FAd
Old Present _ _ B
N Azd Eg SUSE 9 £47008 HR
sl | Turbine | el | Turbine Ao Agshe NS £ =R 53 AN
st ok
Material 17-4PH | Inco718 | 17-4PH | Inco718 FA7E AN A LI F=H 0EF
. AN g Hrgzo g A% AnPzs) ©
Density 764 819 764 819
(e/emt) : : : - Hlo] BAZ oF 40-50% =Y & AL A=
Mass Ebgth 3 3d5e] FUIE ARz gl
(se) . o £gol ArjAen F/s Byl FFH
T, E hewarle aTRY =9 52U 5 9
xx Loy s 01
oy | 200 | 280 313 640 e BAE 29 & dE T 2w} 4
7 Bt &, F471E A& HEEzo He
(g | 050 | BA0 58 1230 AfE gns) BeaAT f4vll2 A% =
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