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Fig. 2.1 Experimental apparatus

Table 2.1 Specification of test Pump

Flow rate § 0.0072 [m®/s]
Head A 7.13 [m]
Revolution Speed n 2000 [min™!]

Specific speed ns | 303 [min™, m*/min, m]
Reynolds number 4.2X10°
Re=2 QRt1 / o
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Fig. 2.2 Test Inducer

Table 2.2 Design parameters of test inducer

Inducer A Inducer B Inducer C
Inducer diameter 89 mm 89 mm 89 -mm
Hub diameter 30 mm 30 mm 30 mm
Tip clearance ~ 0.5 mm 0.5 mm 0.5 mm
Blade number 3 3 -3
Inlet tip blade angle /4,, 17.5 deg 13.0 deg 19.5 deg
Outlet tip blade angle /4., 17.5 deg 17.0 deg 19.5 deg
Axis blade Length Lz 85 mm 40 mm 75
Design flow coefficient ¢4 |- 0. 226 0. 164 , 0. 251
Solidity ot 3.03 .11 1. 62
Sweep ) X O ' @)
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Fig. 2.3 Schematic view of J-Groove and parameters

Table 2.3 Parameter of J—Groove

Length Z [mm] Cross—area ratio|

Number | Width Depth
, | Upstream | Downstream
N ¥ [mm] dlmm] ANVdf = DF
‘ L1 L2

J-Groove 1 32 6 2 20 20 0. 0604
J-Groove 3 16 10 2 20 20 0. 0503
J-Groove 4 16 11% 2% 20 20 0. 0505
J-Groove 5| 16 12 2 20 20 0. 0604
J-Groove 6| 16 11% 2% 110 30 0. 0505
J-Groove 7 16 12% 2% 20 20 0. 0988
J-Groove 8 16 10 2 0 20 0. 0503
J-Groove 9 16 10 2 0 40 0. 0503
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3.2 RRRILBER O HIE

Fig. 3.1 CEBREBLBEETT, AEREETIE, WAEHOWES ¥ > 7 B L HER 7
TAT ) e HICERERERZ AV, 727 IV M LIOKREREEZRTRAEZEY . ARV T
AL, R THHRIZTY 7 4 AREE EREREHA SNT2ZRTY V7 IZRITT 5. TIMUITER
i, ERPIECEFORBIZL, RERBIZF V7 ICBRT 2ERMDO A INVT TITo 7, Fik,
FYET—a VERETOICHEY, RUTORRRSEF 7 ADKERS LV B THI LT
> TR TRRAEN 2 +RITTFohd £ 51T Ui, 1EBFEICIIAKEKEBIEIET 4 V7 —THREL
TebDEF TN, F I NERE LICRETHA I RSEEZTY . WHERRED Sppn TH2
BRI, .
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Moter Pump
Torque Meter

Fig; 3.1 Experimental apparatus
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3.2.1 AR 7

ﬁ&&ZKK%%Tﬁ%Lt@ﬁﬁVf%%?o@%ﬁVVKﬂﬁﬁﬁ&wﬁbﬁyf%ﬁm‘FW
JEHEN L TCTE—F—IZTEFEI Lz, £z, Table 3.1 [ZHRAR L T OHEFEEZRT,

Pump 5 ' - Torque Meter Motor

| [
%‘h%iﬂ.
q U I E'—,l
= [ Ig::'g: —__l;':ﬂ:l_J
_.___EEJ_‘ u h : _h |||
I B - N il

Fig. 3.2 Schematic view of test pump

Table 3.1 Specifications of test pump

Specific Speed n=270[m, m*/min, min™]
Discharge Q=1.95[m’min™] , ¢=0.0946
Total Head B=11.4[m] , ¢=0.856
Rotational Speed N=1200[min™]
Impeller. Diameter D,=260 [mm]
Reynolds Number Re=2, 12X 10°
¢ :discharge coefficient , ¢ fhead coefficient
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3.2.2 HRATRE

Fig. 3.3 B LV 3. 4 ITAKRTHEA LI HRIMBRELRT, £/, Table 3. 2 ICPREDHREZ T,
BHRAPMBEIIRE < KT T 2 EZ AV, PRE 1IFIAD 3 IRTIRETH S, Closed type (a) B
I EDOARDO—EHEEIA—TUHRCLEIRE b) THD, BEIXTIN—TOHREED
DICAHAETRETHH LWPRETH Y, 22Tk Semi-closed L&D Z&IT5, —FH., PR
| EIIARESOMEEZ WET 5 72010 THRE | 2 EICTUR 2 AAIC 20 ¥ % 81F L7z closed type
@BIC,.ZOBAIHL PRAOMEEZEIA—T U HERIZLIZH LWPIRE (b) Tsemi-closed type
LIRS,

22,64 ce6d [
g Y R g Z
D - a — ) D —_— )
Y j // 3 j P g S| J / s
(a) Closed type (b) Semi—closed type (a) Closed type (b) Semi-closed type

Fig. 3.3 Test impeller I Fig. 3.4 Test impeller II

Table 3.2 Design parameter of test impeller

~ — Impeller I | Impeller I
Blade Number 6 6
Inlet shroud side blade angle S ;,[deg.] 0 0
Inlet hub side blade angle S ;;, [deg.] 27 32
Outlet blade angle B ,[deg.] 30 30
Outlet width b, [mm] - 226 22.6
Inlet width - D, [mm] 113.5 153.8
Outlet diameter D , [mm] 260.0 260.0
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3.2.3 kR J I —F oWk

ARFETIL. TRE ] LIBEIC ] P A—T R, ZORMBERTT, | FA—THRE L U5
35 A—H % Table 3.3, Fig. 3.5(a)~(e)iZRT, FATEIXFATCLRAL ] IN—THRTHS
B, EBRZITA TV TNLDRNEZEREPRIZELS 2HIZ M OREREFEICHEIZ 8 BFdbiTib

DTH5D,

Table 3.3 Parameter of J-Groove

I-Groove |Number Width| Depth |Length Rati.o of
[mm] | [mm]| [mm] | Sectional

TypeA(Jp)| 25 7 12 | 324 | 0.0150

TypeB(Jg)| 32 7 1.5 | 20.0 0.0238

TypeC(c)| 64 56 | 1.5 | 20.0 0.0381

TypeD(Jp)| 32 12 1.5 | 20.0 0.0408

TypeE(Jg)| 64 56 | 1.5 | 20.0 0.0381

Number | Length

(a) J-Groove A

Fig. 3.5 Schematic view of J-Groove
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20.0

(¢) J-Groove C

(b) J-Groove B’

20.0

(e) J-Grooye E

(d) J-Groove D

~ Fig. 3.5 Schematic view of J-Groove
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3.3 EBRERDER
3.3.1 HL T OMHRE

3.3.1.1 JYME T 8
FyrbEF—a UBRBEELTWARVWREIZBWT, INVAD3SKRITEIMBETHAIMURET.C (Impeller

- I/ Closed type) LJIBREI.S (Impeller I / Semi-closed type). JIJMRE I1.S.J, (Impeller I /
Semi—closed type with ‘J—Groove A) IZOWTORY THEELER 21T o7r, FOFRE%E Fig. 3.6 IR
T, HENCRERE o . MEAICHBBMRE ¢ . MEIIMEER Yy . R 9 BLOYLEE n, [min?, m’/min, m]
ERT, ' _

Fig. 3. TIZREHERABAEOHEDILAR 2T, HEHHBIL £ I 7 0 —2 PR IUREL.S)
CT2ETHRI~MDETRALND, E, J7NV—T%RITHZ L (PREID.S.J) TH 1%D%h=
DOEEBRONEZLDOD, 7u—XFERX (PREL.C) ITHERZ EHERIFIETLTNS,

Fig. 8.8 [ZIKMERIDBEMMBMOILKR 2R T, MEMREK ¢ =0.02~0.04 TIMBE 1. CIZRBERE
ERYEERLOENDN, PRMEL.S TRHAREHEIXSOICHEBIC > TLES K, LL, PRE
1.S.], THAREHROHROLENRROh, REESIHI SN TVWIOH»H B, 2t/ r—T7IZk
S TR TAOTOTFREBHE SN EB Lo, TIZHES T, PBREOCHLENE L, #HENS
OEMBRLNZEZE L BND,

3.3.1.2 IRELIT %t
%%H?—vayﬁ%ibTM&mﬁ%KEmf\%milibk%§ﬁ®#¥8?—Vayﬁ%%
HETBEDCIRPTAMUE L, ARARKEL 23 X5 ICRESNEIIREIL C (Impeller I1
/ Closed type) & JIfREEI.S (Impeller II / Semi-closed type)., JJMREIN.S.J; (Impeller II /
Semi—closed type with J-Groove B) IZ DWW T DRy I HRELLER & 1T/ 2 o7, TORER%Z Fig. 3.9ITR
¥ | g
Fig. 3.10 ZE&EHERMEMEDOHROILKEZ T, ZEDEIX, PRELD.SIZTIETOHER
BT 0. SWRREIC L ¥k ote, Fio, PUREILS. J CHHBIETITIE L A BEITEVENH 5,
BRAKTIL, J IA—TERITB L TRAMIERLTVAR, ZOSEMEIN LEMLTWEDT
HECE L THEFOETFIRESNER, EEELLTWARNEELS,

Fig. 3.11 KHRHBROLARKEZTT, MEHRL ¢=0.02~0.04 TPREL.CIZROhEAERY R
REMERIREL. S THESPERLTVEH, BRELS. I, 1055 2 & CREEHOBRET HE
W LT R ) REEMEEAERITMB S, RE2H bR > TV B DRH B,
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Fig. 3.6 Comparison of pump performance (Impeller I)
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Fig. 3.10 Pump Efficiency curve (Impeller II)
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Fig. 3.13 Comparison of required net positive suction head (Impeller I)
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Fig. 3.14 Comparison of suction specific speed (Impeller I)
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Fig. 3. 26 Spectra of inlet power fluctuation

Fig. 3. 27 Spectra of inlet power fluctuation
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% 4 F. Cavitation Control in a Centrifugal Pump with Semi-open Impeller by J-Groove
J IN—=7ZL5eIF T PREZHFOBELEER LR TOX Y ET
—¥a VIHIZ BT S A 5R) | |

4.1 Introduction

In the range of very low specific speed (7= 100[m,m*/min,rpm]), performance of a centrifugal pump is much
different from that of a normal specific speed centrifugal pump and pump efficiency drops rapidly with a decrease
of specific speed. Recently, there are expectations of high performance centrifugal pump in the range of very ldw
specific speed instead of a conventional positive-displacement pump. Kurokawa et al.??~? have been studying
for the very low specific speed centrifugal pump and proposed a new design guideline based on the results of
extended studies for the pump. However, cavitation performance of very low specific speed centrifugal pump is
not yet clear, though it is known to be very low.

Kurokawa et al."® have developed a passive control using shallow grooves, which are installed in the direction
parallel to the pressure gradient on the casing wall of turbomachinery, and showed good result of suppressing
rotating stall of parallel walled diffuser and performance instability of the head discharge curve of mixed and axial
flow pumps. Therefore, the shallow grooves, called J-Groove, are consideréd effective method. of suppressing
- various abnormal phenomena in the internal swirl flow of turbomachinery.

If the J-Groove is installed on a centrifugal pump casing wall at the inlet of a semi-open impeller, the flow in
the groove channel takes high pressure fluid from down stream to upstream of the impeller inlet and thus, low
pressure at the impeller inlet should become recovéred and cavitation perforniance can be improved.

The ‘main purpose of this study.is to make clear the cavitation performance of a very low specific speed
centrifugal pump and to improve the suction ‘p'erformance by use of J-Groove. Another purpose of the present
study is to improve pump performance by use of a recirculation stopper installed on suction cover wall at impeller

outlet to block up recirculation flow.
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4.2 Experimental apparatus and methods
4.2.1 Experimental facility

Figure 1 shows the cross sectional schematic view of test pump which has a transparent front casing cover
made of acrylic resin in order to observe the behavior of cavitation phenomena and  the front casing cover can
be displaced in the axialdirection for tip clearance adjustment when the tip clearance between suction cover wall
and balde tipof semi-open impeller changes.

A circular type volute casing, which has no spiral angle, is chosen, as the circular volute casing showed better
performance than usual spiral volute casing in the range of very low specific speed according to the result of study
by Kagawa et al.*¥. Table 1 shows detailed specifications of the test pump. A closed type centrifugal impeller,
shown in Fig. 2, and a semi- open impeller, whichhas same configuration as that of the closed impeller without
front shroud, are used as test impellers. '

If an impeller is designed by a conventional method of Stépanoﬁ(ls) in the very low specific speed range,
impeller outlet width is so narrow that it is beyond the limit of manufacturing (less than 1 mm). Moreover, pump
efficiency and performance instability can be improved by adopting semi-openimpeller(ls). Here, a semi-open type
impeller of a relatively large outlet width (b;= 5 mm) istested, as the related study by Kurokawa et al. “®showed
good performance in case of larger impeller outlet width than that of smaller one, and for comparison a closed
type of the same geometry is  also tested.

The geometry of J-Groove and recirculation flow stopper is shown in Fig. 3. Two types of J-Groove are

' machined on the casing wall in the radial direction from the impeller inlet to the downstream to control and
suppress the occurrence of cavitation.

According to the study of Choi et ai.(ln, semi -open impeller has low efficiency because recirculation flow
occurring at semi-open impeller outlet decreases absolute tangential velocity and theoretical head. Therefore, two
types of recirculation flow stopper are adopted on the front casing wall to block up the recirculation flow. The
width of the recirculation flow stopper is equally 1mm but lengths in radial direction from impeller outlet are
10mm (Type 1) and 40mm (Type 2). Detailed dimensions of J-Groove installed with recirculation flow stoppér are
described in Table 2.
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Table 1 Specifications of test puinp

Specific Speed

n=60 [m,m3/minrpm]

Discharge

Q=0.14 [m*/min] ¢ =0.031

Total Head

H=23 [m] ¢ =1.11

Rotational Speed

=1500 [rpm]

Impeller Diameter

D,=258 [mm]

Reynolds Number

Re=2.16 X 10°¢

(1811 T

¢ . discharge coefficient, ¢ : headcoefficient

Fig.1 Schematic view of test pump

Table 2 Dimension of J-Groove installed with

g % recirculation flow stopper
1]
’
s J-Groove ‘Width | Depth | Length | Recirculation
717 Number
9 Type [mm] fmm] | [mm] | flow stopper
00 7 A 12 10 2 16 -
g - |
© B 24 5 2 16 -
e ' B 24 5 2 16 Type 1
Fig. 2 Closed type centrifugal impeller B 24 5 2 16 Type 2
lmm
Recirculation E” ) ; Length
Stopper -
h
N_

=5

Fig. 3 J-Groove and recirculation flow stopper

-

43



4.2.2 Cavitation control mechanism by J-Groove

In the experiments, the suction pressure p; is controlled using vacuum pump and the net positive suction head
NPSH is defined as follow by use of vapor pressure p, and the flow velocity vy,
NPSH = (p, - p,)/pg +v,’ 22 |
Generally, the region of cavitation occurring in a centrifugal pump is located at impeller inlet area. Therefore, if
the J-Groove is installed on casing wall in the radial direction, flow from high pressure area to low pressure area is
occurred by pressure gradient and thus, suppression of cavitation can be induced by preventing the pressure drop

at the impeller inlet.
4.3 Results and discussions
- 4.3.1 Pump performance

Figure 4 shows performance curve of the very low specific speed centrifugal pump in non-cavitating condition.
Head curve of closed impeller shows performance instal;ility, which is positive slope of head-capacity curve; in
the partial flow rate range (¢= 0.01 — 0.015). However, the performance instability disappears by adopting
semi-open impeller. Moreover, the head of semi-open impeller decreases largely in compaﬁson with that of
closed impeller and the decreased head results to drop of pump efficiency. As the tip clearance increases, head
and efficiency of the semi-open impeller decreases. _

From the related studies by Choi et al.’®, it has been clarified that the low head and efficiency of the very low
specific speed pump with semi-open impeller is resulted from the influence of secondary flow in the impeller
passage, leakage flow through tip clearance and recirculation flow at impeller outlet. Figure 5 reveals
performance curve of the test pump with semi-open impeller in case of with or without J- Groove as well as
recirculation stopper in non-cavitating condition. The tip clearance is fixed to 2 mm. Compared with the case of
no J-Groove, the pump efficiency increases by installing J-Groove tyi)es A and B. Mbreover, in case of installing
J-Groove type B, maximum flow rate increases more than that of no J-Groove. When the recirculation flow
stopper is installed with J-Groove type B, head and pump efficiency increase remarkably, especially, in case of
installing a recirculation flow stopper Type 2 (radial direction length 40 mm). It is conjectured that as the
recirculation flow stopper blocks up the recirculation flow at impeller outlet, theoretical head increases by the

increase of tangential velocity.
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Fig. 4 Performance curve of very low specific speed centrifugal pump
(closed & semi-open impeller)
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Fig. 5 Performance curve of very low specific speed centrifugal pump

(semi-open impeller)
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4.3.2 Cavitation performance

Figure 6 shows a comparison of the suction performance for different J-Groove gedmeixy at each flow rate. It is
recognized that suction specific speed of the pump is improved drastically by installation of J-Groove and the
increase of the suction specific speed amounts to about 1.5 times to the no J-Groove case by installihg the
J-Groove type B. Moreover, it is clear that J-Groove type B works better than J-Groove type A. The result means
that the more number of grooves shows the more effectiveness of improving cavitation performance when
cross-sectional area of the J-Groove is same.

Figure 7 shows the comparison of suction speciﬁc speed S when tip clearance is fixed to 1 mm and Hj, means
required nét positive suction head. Usually, it is considered that suction specific speed of céntrifugal pump in the
normal specific speed range keeps the value uniform to the change of flow rate. ‘ _

However, suction specific speed of closed impeller in the range of very low specific speed shows a unique
characteristic of decreasing suction specific speed by decrease of flow rate. The éteep decrease in suction specific .
speed at low flow rate range is considered to be resulted by rotating backflow cavitation. The rotating backflow
cavitation is appeared at low flow rate of <p/(pBEp=0.73‘, which is checked by visualization test.

The flow rate range of the cavitation occurrence becomevs smaller by installation of J-Groove. When main
stream, which is rotating, enters the groove channel, the fluid loses angular momentum and flows reversal. The
 reverse flow mixes with the main stream after getting out of the groove and decreases angular momentum of the
main stream. In case of semi-open impeller, the suction specific speed at best efficiency point is lower than that of -
closed impeller. The reason of low suction specific speed in semi-open impeller is considered that the influence of
tip. cavitation occurring Between impeller tip and suction casing wall decreases the suction specific speed.
However, the suction specific speed of semi-open impeﬂer with J-Groove becomes quite higher than that of closed
impeller at low flow rate region. Therefdre, the result implies the possibility of application of optimized J-Groove

to improve the cavitation performance in the range of all flow rate.
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Fig.6 Comparison of the suction performance for different J-Groove geometry
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Fig.7 Comparison of suction specific speed S (tip clearance 1mm)
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4.4 Conculusions

The results obtained by present study are summarized as follows:

- 1.Cavitation occurring at the inlet of semi-open impeller can be delayed by installing J-Groove and thus, suction

- performance also can be improved.

2.By installibng recirculation flow stopper Type 2 on suction cover wall at the outlet of semi-open impeller, pump

efficiency at best efficiency point is improved by 4%.

3.When cross-sectional area of J-Groove is same, the more number of grooves shows the more effectiveness of

improving suction performance.

4.The possibility of simultaneous improvement of suction performance and pump performance is suggested by

adopﬁng optimum configuration of J-Groove and recirculation flow stopper.
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