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ABSTRACT

The hydraulic performance analysis of an entire pump system composed of inducer, impeller, volute and
seal for the application of turbopumps is numerically performed using three-dimensional Navier-Stokes

equations. A quasi-steady mixing-plane method is used on the impelier/volute interface to
unsteady interaction phenomena. From this work, the effects of each component on the pump

simulate the
performance

are investigated at design and off-design conditions through the amalysis of flow structures and loss
mechanisms. The computational results are in a good agreement with experimental ones in terms of the
headrise and efficiency even though very complex flow structures are present. It is found that the
asymmetric pressure distribution along the volute wall constitutes the main reason of the difference between
experimental and computational results, due to the limitation of the quasi-steady method. Since the volute
was found to be over-designed by the pressure distribution of the volute wall, re-design of the volute has

been performed, resulting in an improved performance characteristic.
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Fig. 1 Schematic skefch of a turbopump unit

T AT dF dA7E g2 s Avxn

Q71 Wl el dE wiAIE FHAT st
FE e, AuHe S 12T Frole o
HE AFAd =@std #AHANUG. Esch 9 Kruyt

592 3D ¥4 f50l £4EIL et A
Bzo) $84%¢ 439tk Tamm 598 Fa4
28 X9e AT 44 sgon A

A%, AxlER L 1FE S

ATE FPsgon, Vaidya 59 QAT 453
i Hlgold 2dg Hgaart AT S0 Iy

ANE BRHEZ e g =e] Ao HuP
£ QAFAd i A 2 FAHAAY A7)

3 QUED~©)

)
T

2 wRolt AMH AL ASH Hegxe FY
H5g AT AGAAsh MaFoRH £
Yo ABYe AESAG F3A4S B 92 2
P WRE QR FFUAS o AEEA AT 43
£48¢ FHHE 9T FRAsl e HA s
& gvngth w3 WRES £40 27 dFEY
omz o9 4%g AU/ A¥ AT} o FoiHrk.
2.2 B

2.1 FRIsHA 71

£ AelME HEHEE X846 Numecaltel A 7A
ury 33 5S4 Z=9 Fine/Turbo® ARS-3IITh
Fine/Turbo® ¥7t og2M 7HEAE A7k 4
AHEHE ARAEY = Runge-Kutta A|7Hdzl
] 5% 4] 9lsty

5. ob2M . O|CHA

2743 7|HE Adsch. FEE 7HEA7)7] A6t
of thEAAY, FFEADZE, {%5 B9 (residuat
smoothing)5-& AHE3ISITH YREEZE AtARME

Zo|7) g8 EF k- e RIS A}%o}ait}.“‘”
QAFA 9 e dARIM ] BFe Yoz <
Eis ﬁz}*@*ﬂ g gdt AxgH Agoz QI3 2
z3g JHe)/ARER A7 2%
TP AARALE AR
2 7YFES FooH, &4
il Folvk. 44y
A 239 o

o]

>
e
mlo
o

2.2 HEEIT E& o XA

22943 9 vl&E (N)7) 083398 BEHE 33
4 3 AAzA gy AZAd A%E Fig 29
Table 19 YJERNUTE Fig. 2014 HeA QA9
Zo= @ FAF2E AFHAT AP HAE 39

Fig. 2 Solid model of the inducer, impeller and volute

Table 1 Basic specifications of the turbopump

Parameter Value
Design flow coefficient( ¢,) 0.138
Design head coefficient( ¢,) 0.342
Blade Number Inducer
Impeller
Rotational speed(RPM) 50,000
Blade angle at LE. Inducer 166°
midspan( 8;) Impeller 19°
Blade angle at TE.| Inducer 298"
midspan( ;) Impeller 23
SHUIIAHME H5H, H2s, 2002
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Fig. 4 Circumferentially averaged streamline distributions
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Fig. 8 Streamline distributions at four cross-sections of the volute
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Table 3 Velocity and pressure ratios in the volute

L Inlet Throat Outlet
v/uin 1 0.55 0.32
p/pin 1 L2z | 133
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Fig. 13 Relative head loss in the volute
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