2004 FA7)A AP 2E S =2 F pp. 341~346
ol FHstae A W2EEsH 2004 12. 3~4

19 HEHZR odmEmo| £a{My

Ajuiay

o

o

L M5 T}

Lo

o2

A o
T T

Hydraulic Design and Performance Evaluation of a Fuel Pump for a
High Pressure Turbopump System

Bum-Seog Choi,

Eui-Soo Yoon,

Hyoung-Woo Oh™

Key Words: Turbopump( EJB#2), Fuel Pump( 2% 2), Meanline Analysis( 35T ¥Hg54), Centrifugal Impeller( 2157 He), Inducer
(9157-4), Cavitation (7}8]&}o]4), Flow Analysis(3-5814), NPSH

ABSTRACT

A low NPSH and high pressure fuel pump has been designed for a turbopump system. The fuel pump has an axial
inducer and a centrifugal impeller. A meanline method has been established for the preliminary design and performance
prediction of pumps at design or off-design points. KeRC carried out a model testing of the fuel pump with water as a
working fluid at the reduced speed. Predicted performances by the method are shown to be in good agreement with
experimental results for cavitating and non-cavitating conditions. The established meanline method can be used for the
performance prediction and preliminary design of high speed pumps which have a inducer, impeller and volute. In the
curent study, the three dimensional viscous flow in the fuel pump was investigated through numerical computation. A
modified design of the fuel pump was generated to improve pump performance by utilizing CFD results. The modified fuel
pump was experimentally tested by ROTEM and KARI. The measured non-cavitating and cavitating performance showed a

good agreement with designed performance.
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Table 1 KeRC fuel pump design specification and pump dimensions

Oom:)sonen Parameters Values
Mass Flow Rate 9.0 [kg/s]
Design Inlet Total Pressure 0.3 [MPa]
Spec Inlet Temperature 1100 K]
) Rotational Speed 50,000 [rpm]
Qutlet Total Pressure 15.3 [MPa]
Inlet tip dia. (Diging) 58.0mm
Exit tip dia. (Do) 42.0mm
Hub diameter (dinina) 240mm
Inlet blade angle at mean "
Inducer rad.(Buingav) ~8
Exit blade angle at mean 6R8°
rad-(&,ind,av) '
Number of blade (Zing) 2
Inlet dia. (Dijmp) 44.0mm
Exit_dia. (Dignp) 96.5mm
Inlet blade angle (Biimp) 70.0°
Impeller Exit blade angle (Bajmp) 60.0°
Inlet blade width (byirp) 26.2mm
Exit blade width (briny) 74
Number of blade (zmp) 6
Diffuser Diffuser VYidth (bg) 13.1lmm
Voluﬁey Volute width (by) 13.1mm
Volute Base circle dia. (Da) 110.4mm
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Fig. 1 Non—cavitaing performance comparison of the predictions
with KeRC experimental data (LCH,, 50,000mm, 110K)

ojZa)(A%: TPP-R, 9% 44 PERFIG, @ TPP-R 9%
A ePE Hlﬂﬂ AozA AU AZAT A o

gl = 712 AspARE el F

“’ra}ﬂﬂ kst itk PERFIGS &89 _:me o-]\« ;GIE

ATIAYL WAFYE YT AoIE noln al
[e)

gl%i}a‘?ﬂl%"]%’@ —1:1—1—1_
e I R

x}_,"_r 9\10 L==4 g_r;n/\h;sj]q _u_gfi ol E].\:l—k!o] o];q _31 glu}
dAggme] MAGo] 00212 mYsec(90 ke/sec)°) 22, Fig,
OS] \:J_ou AZo] AW oF 0005 m/sec, TPP-R <&
= 0028 m/sec, PERFIG 0113‘1—5— 0.030m/sec o} 4boll A

Aojgol ehpin o olAe A=A HAY 90
kefsectith 2 SragelA] 4AEIo] 982 oAmlac

**ﬂlﬁ?ﬂboﬂﬁ F5FE 309 m 28592 500 KWl
tl, Fig. 1] Jeht 50 Z%Ae 22 4000m, S50KW=
A AALTAE Bot o 10% soug P 24 AAN
deda godch

3.3. KeRC HZ2| FHHIEIOIM &5 £4

2N 2A(64x10° m/sec, 15000 rpm, 288K, B)olA]
o FulElolA AT 2R A FFERA@L2x10° mYsec,
50000 rpm, 110K, LCHy o8 W#a A& Fig, 201 9% 7|
F2A Zbzh JeERQIEE o5 el s AY gled
HE & NPSHxo)Z, 248 TPP-RY o) Alkd gkel
o o] ¥ yehd uiel el AA 7lExAFg 29 A
% A% X = NPSHex = 1972m, &31= NPSHe = 21.80m
2A 2A1= 95%o|t) olgl o] B A &GFAE FE
gty oerw RdAFe Wilsimilitude)e HAPEHIL
Rnew TPP-Rel 913 sinjeiold A% cFe w$ 3
Sz 2 4 Uk A4 TPU Azgods degse §i
NPSLIZF NPSHav = S515m7F 92 gire] AFZo] 445
ol 9lo@ 2 (NPSHa > NPSHx), 7Aulelolde BasA o

Cavitation Performance (Corrected at 50,000rpm, LCH,)

s o
4000 | * . cdWb o, o 4
4
.l
3000 - .:
_ 4
5 ji
5 f
S 000
3 2
1000 b
® Corected at 50,000pm, LCH,
—— Prediction (TPP-R)
— - Test (oreakdown)
o : .
0 50 100 150 200 250
NPSH [M]

Fig. 2 Cavitation performance comparison of the predictions
with KeRC experimental data

- 343 -



& Ao dxdn,

4. IRDY HREHIo| MH I MsSEI}

4.1. 3xE FSsiMoll o3t oz Hmo| M) M
AAY d8HZo FEHM AgE g

Z£32 Table 1% 2th QARA 9} g, BRE

AsE deg=e ddy 9 AFA FAEASE
#AE BladeGen®g Algsiglon, 339 FEAMES

3
T
=2

o 41 ot

AsM HEZA fEdHd FE 2TEHAY
BladeGenPlus®¢}  TASCFLOW'”&  A-&3tgch
BladeGeng AMgallA  F4F FEPF  disiA

BladeGenPlus& AM&-8lA4 349 #5814 382 +
H4%5S BEMstn 21 ZAYE MAALAR AFt 3
A FAAA BrgdEde 339 FEFHAHA 9F v
B $AHAAS F3Y A3 FHYATELNS UE
e d3d=Zg Z2Asg ey TASCFLOWE o| &%
33 frEdAor FEHA HANFS U &
AT B dFoME dEgTe AFAM 2 4dd F9
o] 3zh4d, WIAEHA, B4, ¢F FE5L sk

¥ ARNME 14, 23, 3% ZAER ASHIE
AASE 339 FEAAe 93 FEHTL Hrisiy
AAMNE AFE &5} Table 29 Fig. 39l 33
IHFED dgFE AFAMYG d™e] A4S el
At

BRyzg dEg= oF7te] 7Hu] g 013
(cavitation) FAE FFdcsts &8 AFoezm ¥
2L 9L 5 UEE AAsiez Avgoldd oiE
dF% gashd FuHolA At oHg mEe B
Al e AudHold 3L A )

e

4.2. 7Sl 2o Y A=

Table 2 Dimensions of designed fuel purmp{model 11I)

Comt;;onen Parameters Values
Inlet tip dia. (Ditjng) 59.6mm
Exit tip dia. (Dating) 48.0mm
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< Inlet blade angle (Byimp) 515°
Exit blade angle (Bzimp) 60.1°
Exit blade width (baimp) 4.0mm
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Fig. 3 Configurations of first. second & third design
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