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ABSTRACT

Cavitation is the most serious problem caused in developing high—speed turbopump, and use of an
inducer is often made to avoid cavitation in main impeller. Thus, the inducer always operates under the
worst condition of cavitation. If it could be possible to control and suppress cavitation in the inducer by
some new device, it would also be possible to suppress cavitation occurring in all types of pumps. The
purpose of our present study is to develop a new effective method of controlling and suppressing
cavitation in an inducer using shallow grooves, named as "J—Groove". J—Groove is installed on the casing
wall near the blade tip to use the pressure difference between high pressure region and low pressure
region in the axial direction at the inlet of the inducer. The results show that proper combination of
backward—swept inducer with J—Groove improves suction performance of turbopump remarkably in the
range of partial flow rate as well as designed flow rate. The rotating backflow cavitation occurring in the
range of low flow rate and the cavitation surge occurring in the vicinity of the best efficiency point can
be almost fully suppressed by installing J—Groove.
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Fig. 1 Schematic view of test pump
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and (c) inducer C

(a) inducer A, (b) inducer B

Table 1 Design parameters of test inducer

Inducer A B C
Inducer diameter 89 mm |89 mm | 89 mm
Tip clearance 0.5 mm [0.5 mm|0.5 mm
Blade number 3 3 3
g}l)ade inlet angle at 175° | 13.0° | 19.5°
gxl)ade outlet angle at 175° | 17.0° | 19.5°
Axial length at tip 85 mm {40 mm |75 mm
Solidity at tip 3.03 1.69 | 1.62
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Fig. 3 J-Groove mounted on a casing wall

Table 2 Parameters of J-Groove

Width | Depth | Length L {mm]
J- Number w D
Groove N Up- | Down-
[mm) | [mm] | stream | stream
L1 L2
1 32 6 2 20 20
2 16 10 2 20 20
3 16 10 2 0 20
4 16 12 2 20 20
1 [’-/-Lndlng edge j ' Trailing ledge —.‘

7Pressure side
0.5 ML w—
[ o
prid /

Suction side
1/R=0.40, $/¢4.,~1.0

= with sweep
o without sweep
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x/1

Pressure side
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¢ LS
g,' Suction side

1/R=0.87, ¢ /¢ nep=1.0
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Fig. 4 Calculated pressure distribution along a
blade surface : (a)i/R=0.40 (nearby blade
hub) and (b) 1/R=0.87 (nearby blade tip)

- 778 -



FA#A z=9l CFX-TASCflowE ©]4% HEZ
28E HAg ueby 3EWEe] -t 34
Bhs MYE 0<x/1<0.590 HAjsls oz way
QA7) wiiol J-2FH2] 3F Zo|E Table 2] B9
ute} Zo] L2 = 20 mmE Aok =& J-a1F8
£ AlolA Aol dAjsly] Wil AFA E&o]
T B4 220A BAske Angoldd daiMe o
Aasyl 2 Aoz 7ldd 5 AR B B4
A= Angeldel dlside dAlsrzE o
g2, QFA Edolz Ad B2 sulgeld &
Agge] dejx 3B EI2dMe slbjeoldo] EA
37) ogA du B RIA An|EHo)Ho| vl
A @ty 455 gddd J-aFBe a3E Ko
A 23 5 deng F o ¥ FULTY FY
& 7|9 & o} wEkA, Fig. 4] Hole wig}
o] QA Col W HRASH (¢dre=1.0)0149
a4 Ao ot FH 2Y=E MAH &
e ASole Edolm A ¢AEI Wy
wakel W Ao REIAT, FH 29ZE 43X
gl o3 AT Rio] Baolze EFd I
AF3t 3B B9 snjdHold dAS 3T
+ A& Aoz J|UHY, FE 2929 J-aFBE
A dAsd J-aFH0] oF AFA Y7 Bl
= EgoAg gtEdsel o AulEHoH BAe o
AL F A& Aoz gt

3. alEyx o D&
3.1 8= ¥s

Fig. 55 wlsiueloldAlel J-a38e] 47 o
% 4534 ¥HE Holn glod, ]-1%8E A
Al dhet A3 ¥ ADELAFF TSI 9
2 $%0] 23 FARUAY, BES AFFINN
Aol Wt 9es & & ok g, J-aFes
BANGAE B2el e AN @1 A

olMe] A7t FFsdthe AL @& 4= Qloh

3.2 J-OgH g EQAMES JiM

Fig. 6& B9 FUASE volx o F5E
AS= NPSH(=(ps—pllpg+vi/2)) theh BZT YA
HO ¥gE Jehdich =3 E94%9 99 949

- 779 -

‘ 12 T T T T T T T T
= n . ~—O— With Ind.A
5 —4— With Ind.A & 1.G.1
S 2 1.0% dA & J1.G.2
% g (= —v— With Ind.A & J.G.3
8g [ e
208 g
L
=< L
0.6 g
>
£0,081 0.4
8
8
LS
80.04+ 0.2} 1
]
3
£ & 1 1 ! L t L 1
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
Discharge coefficient ¢
Fig. 5 Effect of J~Groove
10 T T T T T T T T
E
ar oo ¥ #1008
¢/ #p4=1.0
6+ i
2 ¢ 95,14
4l 4
—O— Without Inducer
—O— With Inducer A
2+ —O— With Ind.A & 1.G.1 -
A o ® 3% Head drop
1 1 1 1 1 1 I 1
8102 oa T 2 4 10 20 40
NPSH [m]
Fig. 6 Improvement of suction performance by
inducer and J-Groove
2 T T T T T T T
1.8 -
1.6}~ E
g 1.4 4
3 12 4
£
w ! =% |
o 08-  —e—With Ind.A -
» ~—&~ With Ind.B
0.6  —— With Ind.C 4
—O— With Ind.A & J.G.1
0.4  —5— With Ind.B & J.G.1 4
—O— With Ind.C & J.G.1 1
0.2}
i 1 1 1 i 1 1
0 02 04 06 08 10 12 14 16
¢/ ép

Fig. 7 Improvement of suction specific speed by
J-Groove



Ay Y22 AF AEFH & 3 % FAAGHH
o) NPSHZ o}433ith JFAME Fadex] ke 3¢
o vl AFAME FaAg we HHFD (o9
1ep=0.6) M ANPSHEMA & ¥3& A3,
o7le] J-a2FBE AT F¢ B} Be NPSHE
A w2 FRE FAYE ¢ F it 2gn, Hak
3 (dtpe=1.0) M= NPSHO] 3t AR5 288
Ao Ao} v&d AL Holm ok welr, o)z
AFZRY J-aF85 MW 3 % FHAH|
ANPSHE Q.2 olFsld FYATel MAESE & +
At 2y, AUGFY (he=1.4)04 AFA
2 J-a%vo] Fa H5o Fagle]l UM W
37 A9 gled, a 9024 FfFgdaE
AFAel o% Fedge] Aon, TF J-aFBE
AAEdE 2F8YE o8 9759 o ¢
I ol A7) WiEe] ARA YT A
%ol AY o]FojxA] &7) WiFoz wghr)

J=Groove7} QFA A 2As= Anjelolde] o
Ao & &dv} goe Ao vyl wel FUAS
o] U J-aF B AHPYE FESY] Yo
AFA FF 9 J-aFB Axd g FYPuEE S
(=nJQUNPSHRY'* )o] W3tE HEE Fest Qow,
AFA Al diste] J-a2218 1, 2 J8n 3¢ 2¢s
d FU45E AEY 29 AFE o] 2 2Fr9
Zo] FUXNT P FFE A F2§ delvy
A& gAYk

E3, Fig. 7904 AFAE FReiA e FJEY
@59 ol dist 7} ARAe J-aF8 19 2g)
g% FUuEE 5o} v Yehln ok B, F9
BEEE T3] Y5te] W ARFYSE MPSHe 3t
o2E 3 % FAANHEY NPSHE o433t &9
HEEE B4 HUESHAM FoAHE Tl
ol B @3 e 7 folao] NPSHRS o)4% =
A2FYHEEE N FYFFS vlasich

HRAEY o5t §F (dhe=1.0)1MT= AFA
B Ex C¢ J-aFH 179 Z§o o3 Fd
G959 oo el Lol AEo thEHQ FYu)
&5 Yo] AP E ¢ F Uk 53], JFA B
g} J-a%E 19 2 AFFdeA A F5
FP8%59 F4E Holn dor, FHY @ dhe-1.2
o] FulFFAN T FYuExr) FEEA

olde] Ave FH 29T E AL AFAMY J-

Fig. 8

- 780 -

Rotating backflow cavitation

{d)
Suppression of rotating backflow cavitation
and cavitation surge by J-Groove : (a) & ¢re
=0.6 (no groove), (b) @&/ ¢=0.6 (J-Groove 2),
(c) ¢/¢rer=1.0 (J-Groove 2) and (d)} &/ dpe~1.0
(J-Groove 4)
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