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Effect of the Casing Configurations on the Internal Flow and Unsteady Pressure Fluctuation in Turbopump Inducer
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Noriaki NAKAMURA, and Yoshiki YOSHIDA

Kakuda Space Center, Rocket Engine Technology Center, Turbopump System Team

Abstract
The effects of the inlet casing configurations on unsteady cavitation were examined with a 3-bladed inducer.
The inlet flow and cavitation pattern in two different casings were visualized using PIV (Particie image
velocimetry) and high-speed video. It was found that the rotating cavitation would be suppressed when the tip
clearance at the inducer inlet was increased. The vortex cavitation in tip leakage flow and cavitation in back flow is

considered to affect the appearance of the rotating cavitation by the inlet casing configuration.
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Fig.2 Schematic diagram of test inducer and sensor
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Fig.3 Schematic diagram of two test inducer casings
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Fig.5 Spectrum analyses of pressure fluctuation B
for Q/Q,4=1.10 without step type casing

OISO BRALAFEIED S, — o THE, v

F—a G E TR, BlokXrE T —ay
AL ERBOIAARNERL WD, BFEHVIr—o
2%, AlEIEREIRERS v B — a5 A T
BRIy — 7 TR Than 2, ToMmbE&
TR BN TWRW, FETArT a— AQEEL
= RO RN AIRBIE T A BT, AZb
FARM A RA B E X CGRIRL Xy T —a il o
IZRBWT, BUlREE T4 0 AT B O PIV & W al i b5
B md o7,
3.2 BEEETAHICEDASA T a—YiRBEORNIE
Fig.7, Fig.8 i, 6,000rpm, Q/Q=1.10 THE 72 LRI K (N
BBl — o N BD, AT a—H i 1/3 [EliE
G OEREE T Ak A g TS,

Fig.7 X, Fig.s5 OEBRICHE T DBERU S —2 07
Do %0.054 DEMEEL T4 OWEBTHY, AT LE
Wrg DL T, ERIERBERF v 7 —av i
FAELTWBEEDLDTHD. AT 2—FHEI->H2—
E3FIRKGFER S DA EIZRETLHIRYET — 23
BRDEERT. ZTRODEENS, KEICAY—7
YT Ao TEY, R2EEREIC1IRSTETFYET 1
DGR N — 28\l [T A TWAIZER DD,
ebbLX T N ORERRHEE IV BEL TNDHTE
DAL RENTWA, 2, e T 40888 EL T

Blade3
Bladel

Blade; Sl
Bladel

“—Flow direction
2 rev.

Jrev. 4rev. Srev.

Blade? S HEE

Fig.7 Sequence of cavity fluctuation on three blades under
rotating cavitation at ¢ =0.054 for Q/Q,=1.10 without
step type casing

Fig.6 Spectrum analyses of pressure fluctuation B
for Q/Q4=1.10 with step type casing

BEAIZE, YT A — Nz TR K
L OB AR CE S,
Fig.8 1L, Fig.6 OEBRITHIG T HB =LV — 07D
¢ =0.057 ORRALEE THS. 0 — LT DIFA,
L TOR|IZEBRLBY Y ET —ar MEFHEIc R e
LTCWA. N CERBICIE, SYET 0 RHEEZHELT
WAHTEET SRR S, BRER LB — v Il L
T, Bio iy T DI ERD DI, Brblin
AL 2T 7 O Wi Y 7 — L a MFIEL TWA.
ORI OE D, B IO B LA A JE R AR R
FE T —a R OBNCEEL OWBEE LI
a,
3.3 PVIZEAA vTa—HYAEFEORNE
3.3.1 TAREEREER Figo), (b)ik, Q/Qs1.10, B
AR LB n 0By — o S DR ThHD. X o
20.590, 0.106, 0.091, 0.059 KD PIV -GS L4 18
FEARTRN (0, v) (AR, SREEASZRVLERT) ToRd, 22
TOVEEE, —RIOHERE CRBISHA8KH O PIV it
DEWESRIZNEZEMEHLELZETHD. T,
Fig.9(a), (b) T DAL EIL, AT 2 — Al E R
4. 0 =0.590 OIEXFYE T —Tar T, BiERTHOML
OB OMEE ST IING, r— 2 T TR DB ED A
ik, B LORAIROFEIRO RESDENWERS TR
TG, BHIZ, v T —afRlid Fif Basi LRl
=0 o 0,106, EHEIEFRBIERIY 2T —a

S——=T]ow direction
1rev. 2 rev.

3rev. drev. 5rev.

Fig.8 Sequence of cavity fluctuation on three blades even
cavitation at ¢ *0.057 for Q/Q.=1.10 with step type
casing

This document is provided by JAXA.



38 ST ZE FE BRI A B JAXA-SP-05-010

Inducer casing
Leading edge

o=
0.590
(non-
cavity
flow)

g =

0.106

& =

0.091

=

0.059

(b)With step type casing

(a) Without step
type casing

Fig.9 PIV comparison at each cavitation coefficients with
two type casings for Q/Qd=1.10
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