NAL TR-345

NAL TR-345

UDC  621.454.2.043

WU 22 HB A WE 2E P o

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY

TR-345

Witkasr o b ¥ —EX Yy THEHR~Y 7L
4 v T a—F ORI

FEHoB -8 XK B X

1973 £&£ 10 B

Bl 72 B BN OB R OB

NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



BE T %

oAt 2 — & Y OZJIMRRICH T AT
(B—3 Zh/hr—Ev/ORFBLU
SRR 3 5 ZRIPITD
Aerodynamic Investigation of an Air-Cooled
Axial-Flow Turbine (Part 1 Turbine
Design and Overall-Stage Performance
without Supply of Cooling Air)

1C HEUMIBg 2R A U BLRBEEY

Application of Integrated Circuit Opera-
tional Amplifiers on Turbulence Intermi-
ttency Meters

A LKBOBIHOEMTICS 5 HIRDOALE
BEOEECE T 0%

The Study on the Motion of an Artificial
Earth Satellite under the Gravitational
Attractions of the Sun and Moon

BELRET 3 TERROKFERECH],
¥EEn—) vyE—2 Y FORE

Measurement of Rolling Moments Acting
on the Stabilizer of T-tails Oscillating in
Yaw

TR-188T A Inaysis of the Anisoelastic Errors of a
Floated Single Degree of Freedom
Intergrating Gyro

TR-321

TR-322

TR~323

TR-324

alyy b ERYECET 207
Some Investigation on the Separation
%galcteristics of a Two-Stage Vehicle
ode

BFEERIKBA A v 1 I Y OHE

Experimental Investigation on Scm
Mercury Electron Bombardment Ion
Engine -~

HRE—VBBRO S 4 FicBi) 558
On the Liner Heat Transfer of Gas
Turbine Combustor

HHEAR D I Y

Natural Frequencies of Continuous Plate

TR~-325

TR~326

TR-327

TR-328

TR~329
(BB S RE R I L 2 HE TR

EREI LB
Flexural Rigidity of the Thin Walled Build-
up Rotor for the Jet Engine (Measure-
ment by Static Load Test and Vibrations
Test and Calculation by Finite Element

Method)

TR-330T On the Linear Theoy of Thin Elastic
Shells

JERB R e L E R R
N EFMERICE S Orr-Sommerfeld K
BEROHMERE—

A Non-linear Hydrodynamic Stability The-
ory with Numerical calculations —Part’l
A Power Series Method for the Nume-
rical Treatment of the Orr-Sommerfeld
Equation—

%%ﬁﬁ@ﬁﬁﬁ@?ﬁ EERE —HITR
SARICB Y A BRI ERE —RT
Poiseuille FHI~DBEH—

A Non-linear Hydrodynamic Stability The-~
ory with Numerical Calculations —Part 2
Theoretical Analysis and the Numerical
Results for Plane Poiseuille Flow—

TR-331

TR>332

Vv bz v yAMARN g~ 2 g i

F- =4
=

1973412 7

19734 6 B

1973% 7 B

197346 A

June 1973

19734 7 B

19737 A

197347 B

1973827 B

1973% 7 A

July 1973

197357 B

1973% 7 H

JHE: =y
P

B
e

.

i
A
233

B R ik
i

Mt

A
R

Masao OHTSUKI,
Hirckimi SHINGU,
Jyoii TABATA,
Takao SUZUKI,
Shigeharu ENKYO

FHEHWE S v—-T

-
i

¥ E

|

*

&=
ImgE
|13

e T}

nst R B

/N RS
HERIL &

Tatsuzo KOoGA
Susumu TopA

B 18

FRER

This document is provided by JAXA.



Wlka sy b %
HANA YT

_fijm¥W«U
a—H DF "iﬁﬂ’]h} 5

E&HF BT & K B x™

An Experimental Investigation of Flat-Plate Helical
Inducers for Rocket Turbopumps

By
Kenjiro KaAMIJO and Akio SUZUKI

The elfects of leading edge sweepback and hub taper on the cavitation performance
and the outlet flow field were investigated cxperimentally with flat plate helical inducers,
The present experiment, conducted in a water cavitation tunnel, places the emphasis
upon measurements of three-dimensional velocity distributions with use of a five-hole
pitometer, as well as overall performances, and visual observations of cavitations.

Improved suction performances obtained with a sweptback'inducer may be attributed
to the preventing effect of the sweepback on cavitation developments near the blade tip.
In addition, the inducer showed an improvement in efficiency
sionality of the flow.

and reduced three-dimen-

The flow field measurement of a tapered hub inducer revealed somewhat small devia-
tion angle and less steep axial velocity distribution, which may have resulted in larger
head rise than a parallel hub inducer.

The effect of dissolved air in water on the cavitation performances and some prob-
lems encountered in this experiment are described briefly.
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Fig. 1 Cavitation tunnel

IFFig. 2 Photograph of the cavitation tunnel
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Fig. 4 Test section showing pitometer, torque meter and inducer casing.
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(a) Five-hole pitometer
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(b) Three-hole pitometer No.3
Fig. 6 Characteristics of a five-hole pitometer.

Fig. 5 Probes
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Table 1. Blade geometry of test inducers.

} A | B b | B N*
Tip diameter D, mm 1270 . 70 126.0
Hub-tip ratio (inlet) En 0.291 0. 486 0.291 . 0.291 0.5
Hub-tip ratio (outlet) Enz 0.291 0.486 0.291 l 0.5 0.5
Number of blade | , 3 3 ' 3 ; 3 3
Blade thickness Ctmm | 33 | 20 | 33 33 S
Solidity (tip) : S i 2.1 ﬁr 2.0 : 1.6 : 2.0 : 1.9
Blade angle at tip | B T S U T L TS

\ / 1 1

* TReference

i \
i \
| |
==
| / |
— ] —_—— - ll_ - e 7VT___~/,
\ o
\
\
| \
i e

Fig. 10 Geometry of inducer D (with sweep back).
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Fig. 11 Air content effect on suction characteristics. (1)
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Fig. 12 Air content effect on suction characteristics. (2)

(Numbers in figure correspond to those in Fig. 13)
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K=0.115 @ K=0.069 @ K=0.058 ®

K=0.042 @ K=0.037 ®

Inducer B, flow coefficient ¢=0.160, air content: 0.8 cc/100 cc water, C/1=0.125, 17,500 rpm

Fig. 13 Photographs of the cavitation in degasified water.
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Minimum cavity length Maximum cavity length

Inducer B, flow coefficient gz5:0.160, air content: 0.8 cc/100 cc water,
cavitation number K=0.068, C/t=0.125

Fig. 14 High speed photographs of an unsteady type of cavitation.
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———— $=0.150 ¢/t=045 Inducer A
1 1 | 1 |
0 0.02 0.04 0.06 0.08 0.10

Cavitation number, K

Fig. 15 Suction characteristics of inducer A and D -

(Numbers in figure correspond to those of Fig. 16)
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K=0.045 ® K=0.036 @ K=0.028 ®

Inducer D, ¢=0.150, C/t=0.45, 10,000 rpm

Fig. 16 (1) Comparison of the cavitation observed on inducer A and D.
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K=0.093 ® K=0.063 @

K=0.045 ® K=0.032 @ K=0.023

Inducer A, ¢=0.150, C/¢t=0.45, 10,000 rpm

Fig. 16 (2) Comparison of the cavitation observed on inducer A and D.
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Fig. 17 Overall performance of test inducers
at non-cavitating conditions.
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