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Fig.2.5 Model for estimation of mixing losses
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Fig.2.6 Cavitation performance
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Fig.2.7 Steady cavity length for the cascade with various solidities and stagger angles
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Fig.2.8 Cavity thickness of the cavitation in the cascade with C/h=2.0, B=71.41" , ¢=0.10(=10.90" )
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+i [T (O Gor 45 ¢ e

1 T .
+ 2'n {qsn(sl){-fn(§0’ lsns1)+-z7ep+gn(€0’ lsnsl)sl }dsl

1 T .
+i7nbr’}/1.vn(sl){fn(§0’ lsnsl)+Z_Nh-eﬂ+gn(§0’ lsnsl)sl }dsl

2
_izn {ybn(sz)[fn{§0’ (C—lsn)Sé+2lsn—C} +ﬂel

+g.{&, (C-1,)s,+2l,—C}2-5,(C-1)lds,

C-& !
- 2Ym .[ qsn(sl )gn(€0’ lsnsl )lsndsl
C lsm 0

C-& !
_ 2'm .[ 71sn(sl )gn (€0’ lsnsl)lsndsl
C lsm 0

-1

2
. 0
- l_C'—_—l_Zm .f Y2sn(s2)gn (50’ (C— lsn)SZ + 21.\'»1_ C)(C_ lsn)dSZ]
sm 1
{In the case with z, =mhe'™* P+ £+ 0i, | < < C)
+ 72”1(50/ l:m)/z
{In the case with z, =mhe'™* P+ £-0i,1_<E<C}

~— 72m(€0/ l.\'m) /2

(3.22)

(e —iZ-

m n

ﬁ) 2 .
f,,(é‘o,é)=%e ? cot{%(éo—é)e (g -7 = RG.19)

Iy
—-i(F-
(2

(7 a2 2, T B m n (&%
.o, D=(57 | ™ Peosee’ (o= e +( =2 )m)=(GR(3.20)
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3.5 RARMGLAFTRE
BREMEF Y E7 1 ROBITHEERET 2 BERs ), I HE LAANE TEH

T5.
3.5.1 ¥+ EF«RALTEN—F

Fv U7 4 RALOE R~ THOBMBEREp, CE LV ERETS. v ¥
T A DERPTZE LI REICET ERPAL SN/ F ¥ €T 1 RE L [zy=mhei
W2-P+1,51+0i, 0<s1<1] DEB) HF R RA TR E N 5.

ou U du 11 0dp
gt_-'-lm ds, pln9s, (3.23)

L7z2H 2T, FYET 1 RALOEEU+um)dLFTO L) I2ERENS.

wl

UenS D= e+, ¥, =~ ) (3.24)
REINPL/ONEEEuL REB24)ZETEEHILICLY, UTOXFYEF 1 &
HEDERFEFRONS.

ol

Real {w [mhei(nlz'ﬁ)+lmsl+0i]}= U+ucs+,~4;:Ts’ef‘”’ O0<s,<1) (3.25)

E=-LE E0D I TIEE R DBemoulliDR 2 @EHTAHZ LICX Y, Fx i:*-? 1 FHEE

DRELE=LTOENp L DEBRIRD L 5 IZEPNS.

- oU
=p—Ls pv_ (3,26)

u
cs p U 2

a1l

0 <Real{W(mhei(m2—ﬁ)_L)_ W(mhe i(n:/2-p’))} )
ot

-L

+ Ui, — UNcosfi= (3.27)

°|

ZIT, prs P RENENELTOBENEEB L UEEERS, p, 2BAES

ETH5. o200 1p)lpl2i3F ¥ ¥F -2 a VEHTH S, L2 AT, EFigrd
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SEEELEEN - 10D A EBABT, £Ep A —E@E b —E)DEEIZO 2555 b0

LIRET 5. COZEMLY 7 P AOABE TBemouliDXz EAH Y 5 L LT OXA %
bhb.

P
pr=p,~5 U (3.28)

p-L=—pUNcos6 (3.29)
BEDRK(3.26), 32NBLUB29%5, RB2)FDOF ¥ €7 4 RE LOERFN
HBEFREIND.

3.5.2 F¥ET4DHFEELAVEELTY=0
¥ ¥ €7 1 OFE L% WEHE L [z,=mhei@2-B+l,s-0i, 0<s1<11B & Ulz=mheiw2-
B+(C-ly)sa+2Ly-C) 1 0i, 1<52<2] Tld, BICEE LR EERFP0TH S I & 25 RK
RIS B
Tmag {w [mhe™*® +1,5,-0i] }=0 O<s,<1) (3.30)

tmag {w [mhe ™ P +(C~1,)5,+ L, -0 =0i|}=0  (1<s,<2) (3.31)

3.5.3 F+ EF 1 OBEEH
FYUT 4 DEIN (DR RDEBFMER LML HRT 2.

aT]m 1 dl,,, anm i(rl2-
( ] =v(mhe(/2 B)+lms1+0i)=qm(sl)

ar "1 \"""ar 35, (3.32)
O<s,<1)
FYETABAZRDL ) ICEERS L FEEERSITHT 5.
Na(51)= 1,005 )+ 7,05 )e™ (3.33)

RG3)EMBE LR, BRRFLFEERFCTHL, TN OOHBRNZRST
LT YRADGR/ONS.

lsm s ’ ¢
Nem($1)= U folqm(sl)dsl (3.34)
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s ol ,
I, — 6D

Muls)=F [autse " ds]

(3.35)
Zm E wlsm . . _ji(_;m‘(sl_s'l) ,
+F{(1+J.U—sl)qsm(sl)e ds,
CDEE, FYET 4 DBAEEBRARNTEINS.
N,,(1)=0 . (3.36)

3.5.4 KuttaD%&#
EYVBBOREITEHEL AERE TENFERTH HERETH L, EHHFERDLL
KuttaD LT L 9 1cEkENS.

1 2
% JY imGOLds  + [V, (s,XC=1)ds, [+ U -v,,(2)=0 3.37)
0 1

CHIIKelvinDEREH L EMTH Y, BOEBREMICHIC L T &y, QD BEHR

PHRHEINEZEEERLTWS.
HE®SERICIBo THNE ETEHE, BHBHSMIROL IR S,

ol
7,,n=72m(2>exp[-17<§—0/lm} (3.38)
3.5.5 THDOFH

BITHDT 7 VORSVEBRTHLHE2ERS. TOBE, THOKELH
ZEBRKOEETOHFCLVAFH IS, EHEORPSUTOERERIE, N

1
jqn(sl)lndsl}=0 (3.39)
0
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3.6 BAAE
RNGFORAE L, FRBERDEEZG.(51), Nn(51), Pals)DEFE - FEE RS,
FYET4RL, ¥YETARAERELBLUAORELHOKEENTHS. Zh
BORMAMEE, 7(3.24)-(3.27),(3.29)-(3.31),(3.34)-(3.37),(3.3N 2 BH LS & FEEF L
FUETBELTHEONIREMILICEIIRE S, OB, F2ELRKICEHRER
DEFERSFOBEICH L TUTOERXEET 5.
Con(s1)=4,,(s,)/ U
C.G)=7 6/ U (3.40)
Cr.(5)=7,,(5)/ U
RIERESHFOBBILZIT). TDLE, FEES,, SudtFr¥F18#%
B, BRBEBIIEOBTEIIRDEI CEL, INLDHICBITAFREDE
SERHELEZS.

1 k-1 |
S1k=-§ 1-cos N 1" (0<S1<1, k=1~N¢) (3.41)

k-1
N,—17

1
S2k=l+——[1—cos( (0<Syu<1, k=1~Np) (3.42)

2

ZZT, No, NpldFhFhF v €7 1 FED, FFEBOSTELZKTH Y, A5
TEERENITE L. BREGZBAT IRAITSTESHAAMORERL L
2. BREAOBSBERNCEAE A CERRCHHFT 5 LRET 5. Lol
Fr 7 A HBBEHETRANOFBRCIZERL, v 7 1 HHEHT
() ~57 Y1 G60) ~ 57, BBBERE Tq,(s))~(1-5)7"" 10(s) ~ (5, - DT ET
5.

BEDERALET, SESICBT2RREAVESERMEL L TERR LMD
LURERGERET S L, REZW20SE0BRENEDS X CHHELFIRD &
IZRENS.
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- EERICELT
CooS11)

Cle(S 11)
C.po(S 1)

J qu(Su)

AQ,) r:J B, { (3.43)

Cyll(Sll)
€ i (S21)

o/2x

- FEEERSICE LT
306Sy) ] |

710(S11)
V208 x)
3:(811)

A, ®) ] Tm@w) L) o L (3.44)

sn?

V21(821)

S
Y

N

cl

ol,

o,

]
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722U, Afls), Aullen @)iZFREATHI, BEEENZ PV TH 5.

NGB, FEDEEFYET A DR [LVPoRaDBHETH L L 2R L T
5. RGA)FHREEARFERN THS. NE2r O AODENPREDEE 252 554
IIEBBONRT P VIZOTHWARY MV e D, AR5 5 OBFEELD % WA T,
HE TR WEIEET 572012, DT0 X ) ITREBITHAL(m 0)DITFIFA0T 2
iz bk,

A,d,, ©)|=0 | (3.45)

BRARBERo=ogtjoid, RGASHICLVREEI NS, €oT, ZTOAFEKL ¥~
¥5r 4 DRERZF Y ET 1 Rly, H5VIEEMBIZoRalKEFT 5.

HRL LTBONEZRARE R coptjo2EEXF Y EF—2a r0F x5 4
DEELEZAVTUTO L) ICERTILT 5.

Mg/ 27 w,/2w

= 3.46
Ui, ST (3.46)

St=

KETIE, RBAOTRENIZA NI NAHSITTRTOERELEET 2.
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3.7 BTHRLER

Stable Unstable Stable Unstable
[ J O Equal length cavitation ® @) Equal length cavitation
A Alternate blade cavitation A Alternate blade cavitation
— wadel?] — wadel?!
2 1 *

~~~~~~ = Divergence

©
o

~~~~~~ * Divergence

Steady cavity length, ls/h
Steady cavity length, ls/C=Is/h

I (dza)cr\%
O 0 ! 1 | :&u
0 1 2 H 3 4
of2a ol2a
(2)Ch=2.0 (6)C/h=1.0

Fig.3.2 Steady cavity length for the cascade with C/h=2.0 and 1.0, =80°

BR2BEOEEXFYET— ¥ a VOERBBINIIBVT, FYET— ¥ a YREORD
IR, HEK & WEEI(C/R21.5) 2 FoBF| (Bl 2 I£Fig.3.2(2) TlE, EE*~
Er—va DX v ETADREFBIZ0.65hHIETAHLEREEF YT~ av
BN, ZORAEXFYET — a3 VidELAICEET S, HBR/NSVWEE
CIrs1.5) 2 FoB5 (B 2 IEFig3.200) T, EEF Y E¥5 -3 VDF vy EF 1D
BEPBLZ0.65CITIET EERI/C=0.0LL/C1.0DF T ET 4 REFOREE
FrEF—Ta vPENRE, BRACERIYE T3 VICENK XS L EER
PENDLZLHPBELPII Lo TS, £ TEREN T, Ch=2.0,=80" DEFI|L
C/h=1.0,=80" DOEFZHH LT, TN FhOBFIIEBETEF Yy EF—T a v iZ
L TREBTZITo72. WTRDFEDBLIC=1000L LT 5.
3.7.1 HKEILEDKAEEFI(C/h=2.0,=80" )ICELB*vEF— a3 DRER

Fig.3.2(a)l3C/h=2.0,p=80" DEFIICELAF ¥y ¥F—T a vV ODEEFYEFIE

2R, FRX YT — ¥ 3 VEFig32)F, BALOBLUTENG®)L2.30=02a=s
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1 2 (3 4 5 6 1 2 3 4 1 1 2 3
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O Mode 1 (8 1=180° ) - D 4
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(a) Strouhal number for equal (b) Strouhal number for alternate (c) Phase angle for alternate
length cavitation blade cavitation blade cavitation

Fig.3.3 Destabilizing roots for the cascade with C/h=2.0 and $=80"

258 ICBVTREEF Y ¥ T — ¥ 3 VEFig32@F, E=AAPFLNTW S,
(OROAIZAEEF Y ET— Y a VEPSERFYET -V a VBIL—RT boRak k&
L, BEBITIC LS L INIIEHEROKE 2BFTIZIZIZ/A=(1/h),=0.651C, /HE
REFTIE/C=(/0)=0.65ICET 5. EEX Y YT — ¥ 3 V#IZ, Fig3.2% 0
ERTRENDLIWadeMDEABEBREICL OB RLE-FH LTS, F¥¥F—Tav
BEBOBAIEY, EEXFYETF—TaVOF Y ET A DREIDVEL LD, 1/h=0.65
KERCERERF Y YT —Va VEFRELSE., TOXRERFYET -V a3
2.30=0/200=2.58=(02Q), DEFA TR A ITFEZEL TW <. oRa<230TIIFEEF ¥
¥5r—2a v BOAEET 5.

Fig 3.2l RENBEEF Y ETF— Y a VI L TITo - REBTIZE W BLR
TARREE— FEH<0)DR bO—NVE#Fig.3.3RT. n=0tn=1DEBE DL
B OAAEZE ERBMAEZE) 6, 3L LTRIESEY, WThOE—Fb6, =055 it
0p1=180" DE—FTHolz. FE— FOBOMNMEG, | %Fig.3.3)F BT 5.
KENIIBTELDOERDE— FHAFR LN, TRTCOERIIH L TERETIE
BERDE— F255ODE— FORERT. E— FI, I, VOF ¥ EF 1 BEOERY
fAEZIZ180C )THAB. THHDE— T, HLAEFETIFYET I OREEIHFEL R
NI, FOEOEROXFYET A OREPEL 2HE-FTH 5. £~ FII, IVD
FYET A EHORBMUMEEG 130THS. E— FI~IVICOWTIIHBTHER T
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. B— FIETRTRA b= N VES=0, BREFk<0, MIHZEG, ,=180° N FA
NPV VABRORREE—FTHAD. ZOE— FTIE, F¥¥Fq113EgT22
L, BEBBMIC—FOBREOX Y YT PRV ENEL 5. 22T
FETE ANV 2V ABRDOE— FILESEEEFYETF— Y 5 v ORERS
#EWw T 5. Fig.3.3(a TidoRa=(020)s, I/h=(/h).,=0.65DFHHEHTE— FIHALO)
PHEETS. L2 oT, 0Ra=(020), /MZ(/M)e=0.651FETHFYET 4
DREFRVERFYET =¥ a VIIAEKE, 0R20>(0120), Iy/h<(yh)=0.6512
FETAXIYET A DEEFEVEREF Y UF— Y a v idBEE L 5.

Fig 32(QIlRENBXREEF Y V5T —2 a3 v I Lo REBTFIC L VEDS
NIAREE— FOR MO =N VEB L CEBMAEZE ZFig.3.3(b),(0lRT. BRI
HEIRVWF YT A PBEFORBICEETAIINDE LTEZEEINL TV A,
Fig.3.3(c)%* b &~ FII~VDF v ¥ 7 1 RO BEMAHZX o2l X YV ELT 57
O, AE=FTHo Tdo2all & VIREIFEBHPEAAT S, ChH5DE—FIF, o2
dfbf(ofza)c,bzi&ﬁ WeBE, ERFYETF— Y a3 v OFNFNRDOE— FIZoh M
5. ERFYET -V avOBEIRONLFTA NV VABDE-FIZRALN
ol o THHLOKRELZEFNORERE X YT -3 VIEETH 5.

DEoketsrn, UTOZEPHEEESND. ZEHEOKE R(CR21.5EFTIZ,
ERXFYET -V a VPRETHD0RaDKELERD S oRad BT L, Iyh= (I/h).
Z0.65L 2B (R ANETHERAERF YT~ a VOEEBREDLDbNA.
(0RO TFTTREREF Y VT —Y 3 VIFRE, REBFYVF—Ya VIEET
HEDTRERFYET—Va VPR ETE. REEXFYEF—Y avidEvEo
FYETADPONEICETS2ETRETS. ZRUTORaTREELREERBITE L
5. ZOX) EBRIESOERERUE - L, EBRCRERELEEEIERE
LZWERIZBWT, REEXFYETF—2arvy0dFy ¥y 4 PSR ERERERD
0.025~0. 155D FFHM TEZF MK E T 2 HEIHEI -
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Fig.3.4 Destabilizing roots for the cascade with C/h=1.0 and =80°
DEDREBIFICIVEONZTFAN—V 2V ABDE— FLIZE RER 2
Fig.3.2(@)F It L TH 5.
3.7.2 HELED/NE WEFI(C/h=1.0,8=80" )CEL B+ v EF— 5 ORER
Fig.3.2(b)ICC/h=1.0,p=80" DEFIICEBAET AF Y ET -2 avy D, FrET—
a VBRBICHTAEEFYETAORIETRY. ¥FYET -V 3 VREOEAIC
HWERFYET— Va3 ¥ Fig3.20)F, BAOBLITEIL@DF Y ET 1 BFE
<Y, LIC=(/C0)0=0.65121ED K L BRL/IC=0.0LIL/C=1.0DKRBEEF ¥ ET —
v 3 VRFig3.200)H, BEAADENS. £ L T(0R20),=2.63=020=2.90N &
WEETAREREF YT —Vavid, RAEEFYET— T a VIGERKL.
Fig 320)ICRENBEEF YT - a VII L TITo R EEBTICI W Eoh
1AREE— FOX PO — NV %Fig3.4@iny. BRMMAZEG, i3E— FI, m

, VOBE180C N—HOBBDOF ¥ T 1 BEL 25 LT ORBOF ¥ U7 1 4
B % %E—F), E=FI, IVOFZEN(FYET - a v —TJDE-—F)TH5.

E—-FHUIHBTE ANV 2V ABRDOAREZERIT N a=(Ra) 4BV THEET
5. L7zhoT, RELPIREVGE LERRICKELI/DSVWHEIBNTY, o
aA=(0120)z, /CZ(/C)y=0.65DF T ET 41 DEEFEVEEFYEYF— T3 vid
RERE, oR20>(0120), /C(U/C)y=0.65IlFETAIYET 1 DEEPFHEVEE

FYEF—VavREELRE. FYETFIOEEFEVRYET —Y 3 YV OFRE
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EFERBETHOLNTVBI/CS0TISDRREIDRBBLLNDEEZ NS,

E— NI, IV, VDX FT=N")VEIE, oReDBEIFLT—EL 2D, FDMED
Fig.3.3@)IIRTCA=2.0DBFIIHT DD EE LV, $7, AOBSELP TS+
THRA PO = NVERIEBEIL 2. E— FIVIZP R D /N E 2 1/CH OB, B
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E=FIO, W, V2 &R, FYET 1 OREPEVWFYET - a VBN A8 H
IJh> (IR ey, IJC>UJC)ANIBNTEL S, T2, KETHWLBIFEIZLY, B
BF v EF—2ardM@Tas. FCTHREFYET— 3 3 VOBNEIT o 728
R, BEAIF Yy E7r—Y a3 VY IERIOBREBOFYETF 1 DOEEDFEVFY U
T—YavilWHLTELLAZ EFbholz., T, REEFYETF—T 3 VIR
ELEDEEIRFTETADOREFEVFIETF—Y 3 VEBINICOD AL ETH
D, BLADREF YT~ a VI RELBLIEEZELTVS,
Fgmammuﬁéhéﬁﬁﬁ#wEi—vaymﬁbfﬁotiﬁﬁﬁwx%
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DEDZeds, 263<0R20=290Ti, F— FIUIHYT 2 RELERE B0
ERFYET -V aVIIRETH Y, T— FICHYT AFRLEREBOLEES v
75— avEARETHHI LFbIE. ZOZ LS, BEHONELZEBRT
E, FYET -V avREEBASRTCOIREE SR Y ETF — T aviIRERT, &
E¥YE7 -0 avoIIFvET 1 PRETZLEHBEINS. FALDERITIGE
RENWEXBE, BREHONEL A4V T2 =Y (Ch=0.5,1.0) TIIXEEF vV F—
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Fig.3.5 Steady cavity shapes and velocity in the cascade with Ch=2.0 and $=80.0°" in the case with a=4.0
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Fig.4.1 Model for present analysis
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TITAREROEEDSKE B RAEHTH L. MOWEZIEICT 2 720 B

BEBERE THBERE= +Le, 2 BAT S, T/, RUDNDBSTOBFERBEITx v
Y5 4 RLOBEHELICEUTET S, 22 TRAXBSEBREICEFELZWE D

ERERs) 2 RN LS IEETA.

(0<&'<«l,, O<si<l,n=0,1, - - - Zy-1)

§'=lns 1
E'=(Cy-lp)s2+(21,-Cp) (li<&'<Cp, 1<52<2, n=0,1, * - -+ Zy-1) 4.3)

FTRTCOFERSDESZEERs), 2l BWTERT S, DEOEBRIC I WV EREE

RFVV 2 MWW, HIZDTFDOLHIZEKEHTE S,

W(z, )=Ue “z+Ne”e®7-Az
ZN—l 1
+—Z [fqn(sl)Fn(Za Is )l ds,
27: n=0 0

1
+i6['yln(sl)Fn(z, I,s))l ds, (4.4)

2

+i[Y,,(5,)F,{z, (C,—1)s,+(2l,~ C)}C,~1,)ds,
1

* [Va(EF, @ ¢)dl]

(':" n
~Z, r}] 4.5)

PG £)=loglsin{ 7>~ € _Le)e

65



RNBDOEEW(Z, D=u-viBEZRZERTF VI vy VW, 02z CRESTAZ L2k
DRDEHIZEKRENS.

w(z, t)=u—-iv=—a(%= e+ Ne™e®-4

ZN-1 1

+i2 L4, @ s)lyds,

27 n=0

+i J'yln(sl)fn(z, 1s)l ds, ‘ (4.6)
2
+i[ V2,620, (5 (€= b)sy+ @1, = CINC,=1,)ds,

¥ :fvm(é' ¥, (@ €)dE]

_ OF, =m -ig-p Lo GP g 47

fe §)=77=z5e * ootlgye--Leje T -5m) @.7)
Z Z Tzap=A'ei@2-p-L (A' . EH)T

w(z,5, = Ue +Ne'™e” (4.8)

WMo NI RO, COLEEHAITRDELHICKT 5.
Z -1

1
“—Z [fq,,(s ¥, s 1,5,)1,ds,

27 n=0

+iJ’Y 1051 ), @ g 1,811, ds
° 4.9)

2

+ii[72n(s2)fn {ZAB’ (Cn _ln)S2+ (2ln— Cn)}(cn_ln)dSZ

+ gY,,,(?)fn(ZAB, §)dé']

ERFETIX, 77 FELFBZREC,ICHLTHFFEVDIDLREL TS, 2T
28, 3B L FEMKIC

zap=aci(@-P+bei(m2-p) 4.10)

ERUNMAALa>0 &5 LI L) f,(z,EYDEBER B 1T 2 BRMEE KD

66



B, ZDLEfz,E)NIROMBEITHET 5.

T
hm ( i(m— ﬁ) z(:r/Z—B), A =— ezB
{7, N=-%%

L7:2%> TRAERAR
. z-1
A=—2—7L_—Z"N]761pz [Jq,,(s )l ds +l.['Yln(sl)l dsl

2

+il.[72n(sz)(cn-ln)dsz+ észn(é')dé']

DEXD, BEEEWDZRDIIICRTILHITES,
w(z, H)=Ue “+Ne'”e”

1 Z,-1 1
+-2—}:0[J'q(s){f(zls)+ e}lds1

1 ¥/ 8
+ilen(sl){fn(z’ lns1)+ Z h et }lndsl

0 N

2
i [V, () (2 (Co= 1), +@2L, = C )} > * e'ﬁ}(C —1)ds,
1

T o
+ me(f W, 5)"‘ }d€']

(4.11)

(4.12)

(4.13)

CTEIBLFARICBFESDBMILFYETAREZUTOL S KEFERS LI EE

ERSICHEEL TET.
0.(5,) =4, (5)+ . (5,)€"”
Yin(S )=V 10 (81) + 71, (5, )€™
Y on(52) =Y 200 (8,) + 75, (5, )€™
Yul€)=T (€ )"
ln=lm+7ne (n=0,1,-,Zy-1)

(4.14)

BRGDF —FTIIEIBLECHALTH Y, IDEERDT(EDF —F)>IFEEFERD (6D

FT=NERETSH. 272L, FYETARCBLTEIEERSP10F -5, EE

67



BAHeDF—F LIRET 5.
INHEREIDNRAL, LEOREICEEHERAEIT) &, EEIZ R Ueria

L —RETEA & DR B (uv ) B £ USERERS @, 5) <5 LTUTO L 5 2T
FRTHI LN TES.

u=U+u +ie™

, (4.15)

v=Ua+v, +7ve”
lugl vl B X ll, Bt EROREIZE D eD A —FBELPSDF—FThH5. aBLUU
DF—FEEFNEFNeBLTILREL TV B, FEILBITSBERAAIZUEDREC

EWTithbhs.

68



4.3 4t

FYET A BEAFTTECDDEREL, BREGEXF YT 4 FET S EM
ErF vV 4 OFELECEELCHATS.

BIERTOX YT 1 BBEBEOETE, SY T EOBRBICIDFY T4
DEEFBHEOICELTS. COOBERCEAE LA TEREGZERT50
BRETH L. £ TEREHELERT 5 Mo, =mhei@2-p+E+Le, DN BEIZEH LT
ROEBER=ZIT.

- 0<€<«l, T
ejmt
§=&'1+5—) (0<&o'<Lsm) (4.16)
* In<&<Cp, T
c,-&' .
§=6"+ f_—lo 1" (m<€o'<Cn) (4.17)

DEDEBIZEY, 0<Gy'<isnidF ¥ ET A PEICHFETBEBRELR Y, Ign<ty<Cn
XY ETF 4 PEICFELZVEBE L5,

Rt BT 5 Hndi(mhe™ P48 4 Le, +0i,0<E< 1 DL &, R@4.16)%

ZRLEEBDA —FICETRAB)IRTERREL BT S &, EXREED
EFRTBIUFEERTZENENRUTOL ) IIRENS.

69



- EE G
Z-1 ‘

W)= Ue 4= T 1] ) FuEo's Las )+
T n=0 0

T

iB
77 € Monds)

1 ’ T .
+l£ YIsn(sl){fn(éov’ lsns1)+—2;h—ep}lsndsl

2
o
+if72sn(s2)[fn{50" (Cn_lsn)s2+21sn_Cn}+th_eﬁ](cn_lsn)ds2]
1
+& +Le, +0i,0<& < I}
+YIsm(€0' /lsm)/z—iqsm (50' /lsm)/2
{In the case with z,, =mhe'™ > P+ & +Le, —0i,0< & < I }

~_ IJ/ISm(éo' /lsm)/2+iqsm (50' /lsm)/2

¢ il 2—
{In the case with z,,=mhe'™*?

(4.18)
- FEEFE RS
ZN—l 1 .
W)=k T 2,600, L),
1
+i-0’.71"(s1){~fn(§0" lsnsl)+77::zelﬁ}lsndsl
2
T[T ) (862 (ComLindsyt ZI”—C,,}+$ e?1(Ca—1,)ds,

+i f ¥ ENSa (o 5')+%e"”}d§'

T

1
+ 2Yn gqsn(sl){.fn(go" lsnsl)+ ZNh eiﬁ+gn(€0" lsnsl)sl }dsl

4

1
+i7n£715n(51){fn(60" Iu81)+ Z etﬂ"'gn(éo's l,s,)s,}ds,

2
_iln I ’YZM(SZ)[fn{éO" (C"_ l‘"‘)s2+ 213"—- C,, } +Z—7I:h-el’3
1

+g,{&,, (C,—1,)s,+2l,—C,}2—-5,XC,~1,))ds,

70



1
lm 50’ gqsn(sl)gn(gol ? lsnsl)lsndsl

sm

1

L,
_ll 50' gylsn(sl)gn(éov’ lsnsl)l.mdsl

sm

2
m

—ijs: o' lf V2652084 (50" (C, = 1,8, + 21, — C,)(C,—1,)ds,]
{In the case with z, =mhe'™ > P+ & + Le, +0i,0< & < I }
4+7’1,,,(§o' 1,)12-iG, (&, 11,)/2

{In the case with z, =mhe'™ * P+ & + Le —0i,0< & < [ }

=180 ) 241G, (8 o' /1,,) 12

4.19)
s Ermmme T Pt o By + Leym € —Le)e (L
n( 0 )""ZNhe CO{ZNh (50 + m_é_ n)e +(ZN_Z—N)7r} (4'20)
2 e -iE-p)
g. &, §)=(%) e & 2ﬁ)cosecz{ﬁ(}; o +Le,—& —Le,)e +(ZiN—ZLN)7c}
(4.21)
R LEEERD I TRTIDRELR > TVAE72D, O BRITEHEL T35,
T BRSMEEAT S S, mhe ™ Pl v Le +0i, 1 <& <C, ) DBAITIT,

N1 ZZR L THRIALZ [T o - BEREDNDEER T B L UEEERSILUTO X
INCEKES.

71



- EERS
zZ -1
N 4

1
_ -ia _1_ ' ip
W(Zm)— Ue + o nZ:O [Z‘)‘qsn(sl){fn(go ’ lsnsl)+ ZNh e }lsndsl
1 T 8
+i£ylsn(sl){fn(60" l.s‘nsll)-i-_z_.N]Te }lsndsl

2
+l.{ Yan(SZ)[fn {50' ’ (Cn_ lsn)s2+ 2lsn_ Cn } +-Z—”N-h_elﬁ](cn— lsn)ds2]

{In the case with 7, =mhe"™* P+ & +Le _+0i,1 <& <C,}
+72sm(€0' /lsm)/2
{In the case with 7, =mhe"™ " P+ & +Le_~0i,1 <& <C,}

:— stm(éo' /l.vm)/2

4

(4.22)
- EEERS

ZN 1
W(z,,,)=—21;; Y[

n=0

T

n(sl){-fn(go" lsns1)+ ZNh eiﬁ}lsndsl

N

/3

+i 7ln(sl){.fn(60" lsnsl)+ ZNh eiﬁ}l:ndsl

R

T

+i [ Ton (N (&' s (C,= 1,)5,+2,— C, )+ = e?1c,-1,)ds,

+i

e, g —m N Oty . Oty

T N (&' 5'>+—Z-’-’N;efﬂ}d5

T

nl
+ zrn {qsn(sl){fn(éo" lsns1)+ ZNh elﬁ+gn(§0" lsnsl)sl }dsl
T

1
+i7n£71sn(sx){fn(5o" l,s.)+ Zh elp“*’gn(éo" l,50)s,}ds,

2 .
_izn-’.y%n(SZ)[fn{gO" (Cn_lsn)s2+213n—cn}+_”_eiﬁ
1 Zh

+gn{60" (Cn—lsn)s2+215n_cn }(2_s2)(cn_l.\'n)]ds2

72



Cn 0 !
— 2'm J- qsn(sl )gn (50' 4 lsnsl )lsndsl
Coml__ ™)

5
Cn Z JYIM(S )g (éo'a lsns )lsndsl

. Cn— éo' 2
—t Cn—1 meyzgn(sz)gn(éo', (Cn_lsn)s2+21sn_Cn)(cn_l.m)ds2]
" bsm 1

{In the case with Z,,,=mhei(”/2"ﬁ)

+72m(50' /lsm)/z

+&+Le, +0i 1 <& <C,}

{In the case with z_ = mhe™* P

:— 72m(50' /l,ym)/2

+&+Le,—0i 1 <&<C,}

(4.23)
FalSo's 5‘)=—Z%e_i§_mcot{ &, +Le —&—Le )e—i(%ﬁ)”%_zi”)”}
=(5t(4 20))
=(3\(4.21))

73



4.4 BRFMELAHRG

BREFEIF Y ET 1 ROBIHENEHET 2 EESRss; TERT 5.
441 FvET+RELTEN—=E

¥ Y Y74 RALTOENE—ETH OBAMBEEp, CELVWERET S, ¥
7 4 DELZFTFENE VI RECESTERBALF v €T 1 RH L [2p=mhei
W2-B)+1,,51+Len+0i, 0<s1<1] D BB FRERIT AN TRENS.

Ou Uodu_ 11 9p_
ot "1, 9s,  pl,0s

¥4 €7 4 RELOEES Utuen EREL, RE20EH L Luan3 AT O & 5 1kD
bis.

0 (4.24)

ol

m

Uon(S1s D=ty ki, O &% Upem(—5E) (4.25)
A(4.19)0 518 5 N 5 EE u=Real {w[mhei(@2-p+1,51+Le,4+0i]} L T (4.25) % I & 5
ZLikD, UTOFvEF 4 RALOBEREHIEOND.

ol

Real {w [mhe'™*P+1 s, + Le, +0i| }=U+u,+a_ ° '  (0<s,<1) 426

E=-L-Ley EDERABL BRI E=0DE THEFEDBemouli DR ZEHTH LI
0, XY T A RELOBRELELTOENp L DERISKD L 5 IZEPNRS.

- oU
ucs=p'“Up”= 5 @.27)
p

3| Real{ W(mhe™>™P~L)— W(mhe'™ P + Le, )} |
ot

+ Uit yy— UNcosf=2% (4.28)
p

ZZT, prs, b EENENE-LTOBEOEED L UEEERS, p lIBNESE
Thb. o=20.Lp)pU2EF ¥ ¥ T~V a Y RETH 5. BaiEs HEBELI BN
7ALEIZH B EFRABT, EEp " —E@EE D —ZB)PZEMICOLHB5 D DLRET
5. TOZEMEY 7 b AOABE CTBemoulliDR 2 BHT 5 L L TORXISBELNS.

74



p
p=p,~5 U’ (4.29)

p-.=—pUNcos8 (4.30)
DEDK@4.27), (4.28)B L4300 5, K(4.2600hDF v €5 1 RE LOEHR M
EEFRESND, |
442 FvET+OHFELLGWERLTY=0

¥ ¥ 4 OFFE LR VER L [z,=mhei®@2-B+l,,51 +Le,,-0i,0<s,<11 B X W[z,,=m hei
(2Bt Cop-ly)So4+(2ln-Cr)+Le £0i, 1<5,<2] T, BICEE R BERDTI0THB I &
P HRADEILT 5.
tmag {w [mhe™*P+1,s,+Le,—0i] }=0 O<s,<1)  (431)

Tmag {w [mhe'™* P +(C,~1,)s,+ (2L~ C,)+Le, + 0] }=0  (1<s,<2)  (4.32)

4.43 FvEF 4 OBPERH
FYET A DERN(YIIROESIFHNEREHELTHET 5.

N, 1 dl_\omn,
+ 517 |

57 tT =v(mhei(”/2'ﬁ)+lmsl+Lem+01)=qm(s1)

5, (4.33)
O<s,<1)

ZIT, ¥YETAERERD LD KEERS LFEEERSF ST B,
NS )= (8 )+ 71,05, )™ | (4.34)

N4/ LR, ERRTLFECERTICTEL, To0FEALEST
BZLIZEYRRIBFONG.

lxm s . ’
NS )="7F [ 0 (s )ds, (4.35)

75



s .‘ol.rm ’
I " iy =sy)

ﬁm(sl)= [.}”qu(s,l)e ds,l
0

(4.36)

s . sm

sm Gy~sy)

+-0'"—g'(1 +jU—s'1)qm(s'l)e—j v ds,
ZnLE, FYET 1 ORBEEFIIRATRENS.
N(1)=0 (4.37)

4.4.4 Kutta®DZFH
BHEOENEHLE EREHEB TEAVERTH S LRET AL, EFHFERDLS
KuttaD I TO L HIcEEN S,

Py ({ ViSO ds + _lf Yom (S, NC,,—1,)ds, |+ UY,,(2)=0 (4.38)

CNIEIKelvin DEREBLEFMTH Y, BEOMBEIIICHIE L TEE»,QDEHE
BHREINLZ L Z2ERLTWVWAS,
HHESERICB>THELAETA L, HHBSHAIIRD I I 5.

(Dlsm
Tm=Ton(2exp| —j—7 (£ = C,) /1L, (4.39)

4.4.5 TROZM |
BHTHOT 7 PORSPTERTHLHEE2FE XL, ZOHGE, TROKELE
FERKOBEEDOFHRIZLVAFIE NS, 2D L EFEROXD S LT OREHERD

Hrhp.

Z,~1
N+ 1 [

1

76



4.5 BBFAE
WHBOKRAE L, EHFEDDHEEG(51), Na(51), Pals2)DER - FEEEHKS,
FYETARL, FYET A RAREuBLUOAOEELSHORKEENTHS. Th
L DORAEIE, 3(4.25)-(4.28),(4.30)-(4.32),(4.35)-(4.38),(4.40) & TEHE KT & IEEH K
SGUESHLTEONIRNEECILICLYRES., 2T, E3BLAKICRERS

DEERSDESICELTUTOERERT 5.

Con(51)=9,,(s))/ Ve

Ch.G6)=7 () U (4.41)

Cﬂn(s2)=yzm(s2)/Ua

RIHRERDHOYEBILZIT ) (DEES1k, Su*B3RLFARICERT . 7E

ROGHBERLGESBBITXF Y ET 17 - BBEOBFEUDIAKTH 2O THEIE
6HixSHBENLV) | ZLT, SEHEIBIIHELAOBME ERANEL L THRER
FUEBLIUNTEREZREATL L, BREAGBITHFLEGRRDO LIRS
5.
- EERSICELT
[ Con(S11)

Cya(S11)

yYln

A () $ Co(S2) =4 B, } (4.42)

c/2a
(n=0,1,...,ZyN-1)

EEEBASICE LT

77



' qn(sll) \
71n(Sll)
72n(s21)

A, o $ . = 0 ! (4.43)

sn?
cn

ol

n

N

(n=0,1,...,ZyN-1)
T, Adlm), Aullsn o) ZREATE, BJIEBNZ PNV TH5.

EIBLFER, BEMNIBIEIRNE2)ZMILICLYRESE, T, ZEIOAR
EHEiIR@43)DITFIRA0L V) EHEPLREEN S,
KIEITICBNWTUIZy=2E§THZLICLY, MBS VT2 —FITHLTAEFICAE
LBFxET—VavyORERETAN—VzV AROE - FIZEVWTHARS., Z
MIEZy=4E L, 3,(5,)=3,(5,)s G:(5)=3,(s )2 ELNMEZRE L TRABDEZ B
LERIGELEEMTHS. 0L &, HEE, BEEORPLLLIEHTE
NENEHOEBZIRE LIIFEICHL TS, S TREHORFIBFRO KRS
Zyh, Zy=2t L CRA%EB 0% RD & 5 \TERTILL 72,
()

_7[ .ZNh
k=kg+jk,= A (Zyn=2) (4.44)

¥/, BEIFYETF—3a VY OBITOBEICR Y —VE—-F2BRNT A0 L5
TORERELEINS”eP 20l RE L. ThiZ¥ 7 FELPERKTHLELIEASL

EMTH5. CCTRIHMBODZEZEBIUAREERES v Fa—HFItEL ALV
BIDERIF v ¥F—a v E2, REBEFYETF - a vy BIUIHB & ICFHRKE
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FURLABEFICELAF Y ETF— Y a VS ERONETHE D TZy=4L L,
G,(5)=-35(5))s §5(s,)=-G,(s) B EEMMEEREL T, B1MBXI2180° DOfiH=E
- BB LREL THENZIT) . KEDORRZWIZy=4)% AV TARKRo%

()
_n-'ZNh

Ur
EERTALT B L, RIZEEDOAFMCHEEOBARIIG TAHE 5. FERK
RERYDGE, HEEFLBEEFEOEROMOEH O” HE" BEMICIIERTE
ZVA, T TRIEBOBTF 2 AL DIETORERE LTELNWABERENE
BT T HEOEROFYET 1 ROEENDONMNAMO 1(=023) 2 MAHEEL LTHW

k=kp+jk,= (Zn=4) (4.45)

5. 72t RIZRPIEB)DHE, I DNAZE G, 1950<600,1<xTHIITEE) T MER & [F(
WYHEIZ, -1<6p,1<0THNITEE L F(ENFAIMEZD B L EZTRWTHA). £
T

kr*=1+kp (0<6p,1<7)

kr*=1-kg (-m<60,1<0) (4.46)
ET NIk IR O RA-BELOGBEEEEFMIE)E &R L2 5.

ABRXPTIE, REEFYETF—Ta Vo 2 E— FOREHICET A BIFT
134.44), REIF Y ¥F— 3 3 OB TIZIR(4.45), 4.46)TRENBEXRTEE
kg, kpk IV TRRELZEET .
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4.6 BRFIHBREEER
4.6.1 BEFvET—I3>

Figure.4.212C/h=2.0,p=80" NHERZRBEINICELLZFR, RERFYE T~ 3
YOFYETAREERLERT, ZOBRFIOFHEREIZ0.2h721T YIR L 12 EF)
DEVHDEICALEZXFYET A DREZ0OOT, AVHORIIAELSZF v ¥
T4 DREEAATRTY. ZBBREIIBT LT TOAEFRZREFIIRAI&ZXK
HIZ02h7Z TR L7:bDTH S, SERREBEFOXRERFYET7T -V a v ORE
EHIELT, FEEREENOREEXF YT — Y a VO RSIBERICELTS.
HHEICRiFErSDAT— b FTHOREL0, LIBRLTWAS, 72, Figd2dD(a)~
@CBITBF ¥ ET 1 BIKZFigd3@)~@IIRT.

T, RAFKEVELIADLELIZ0NRaET ERIGEEXERS. oRadK
EVESIZIZEVED F Y ET 1 DFIE\ (Figs.4.2,4.3D(a),(b)). LT, ol2aD
BT VA FOXFY ET A PTRET S, BVEDOF Y ET 1 DEIH0.65L1IC
ETDLEINDPBBIMTLED, —FRVEDF YET 1 ORSIPIBIEIT S
(Figs.4.2,43D@c),(d). DX I ICFy ¥F 1 B+ 2EiEIL, £3EE AR
¥y EF A BBOTHRICEET 282 AD/NSVRNOEEFBEREOMNE & T
TH2OTHLEELOLNS. CORFOBEHIREEF YT —a L BE/RL
TWBLEEZLNLPEEFYEF—Y 3 VICHYT 28 SEEHICORHY 1D
DoRodZxF LIADBELP/ON NI ERL I I TEERFYE T — ¥ 3 VITHHY
THLDELTHY.

RIZ, oRad /PECETDHoRatEMEETHEEZERL. oRad/hEVEE
CRWThOF Y EF b AT — T TOEMLO, LIN65%L VRS, Fr¥
FA BB THROAZAD/PNEVHNOBERSENZTRLOBERICTH L T 2 RE
WZH B EEZ NS (Figss.2,4.30e)). cRoZEMEELENTNOFYET 4 D
RELBATEY, EREOFXFYET AFRICADT - P ETOEENSRITEL
(Figs.4.2,4.30 (), BEERIIW LTTHFERAZF o LREBLLRITHT. Tk Z
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Fig 4.2 Steady cavity length and its stabilty

Fig.4.3 Steady cavity shape for the cascade with C/h=2.0, 5=80.0°
and Le/h=0.2in the case wih a=4"

for the cascade with Ch=2.0, 5=80.0" ,

Le/h=0.0 and 0.2

FrET 4 RIZBBICOICERE, —HFRVFDEDF Y UT 4 ZBHMIIKET S
(Figs.4.2,4.30(g),(h). /N&zoRahbDRH 5 ML, ZOHITIZaRan/NE %

Mo - E 2D, RETRI2D02ailx LT2HDOF v EF 4 EXFEON
HEGTREDEFREVHTOMAE “REEXFYETF—Yav@i , Thihz
“HEFYETF—Va Vi LR DD, FYETABRBTRODLA
DNS VRN DERSBEEROMBE T HTHLEXL L COBMBERIL) T<CHE

BTE5.

020N KREREP OO R BMBENE L AP SO L MBILERTIIRL,

EEBHPFLEL LV oD XE(2.33<02a<2.500 R 6N 5.

4.6.2 EFBOREH

Figure4.4(a)lZ, Fig420EEXF v ¥y — 3 VICHYT A BICHT ARELETE—
FOREBEE %, Figdd®d)IIF X 7 4 ROEEDRBNAEZEG (=032 RT. €—

FUIEEEAOTH Y €T 1 ROEEAREIZI80 &%), REEFYEF—T 3

VBB TALIBRTAN—V 2V ABDE - FOREEYET. T— FliZo2as

233TR LN, ZOHBOEREF Y YT — ¥ a VEFALE, FhUSNOES TR
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Fig.4.4 Destabilizing roots for the cavitation equivalent to equal length cavitation in the cascade
wih unequal length blade, Le/h=0.2, C/h=2.0 and p=80.0° under the assumption of 6, ;. 5=0.
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Fig.4.5 Destabilizing roots for the cavitation equivalent to alternate blade cavitation in the cascade
wih unequal bngth blade, Le/h=0.2, C/h=2.0 and f=80.0" under the assumption of 6n,n+2=0.

HETHHILERT. T— FOI~VONMHEEIIFigd 4b)IRT X ) ITHEMICELT
5. 0 bE— FdoRad /P EVERF TIIMHZEINEL, =T F— FOLKE)
IZEV. ERPSD L DIIEIEDFEZERFITH Ao W T EEEIRE & R
5bDLEZOND.

Figure4.5(a) i, XREBF Y EF— a vV ICHYST A BT A AREREET— FORF
W%, FigdsSO)XFYET A ROEHOEBMMEELZRT. BEKODY £ /)N—
VxVABRDE-FORREREL HO DRV, ZOZEHPOXHEEFYET—
VaVBRRETHEI LFDHS.
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Fig.4.6 Propagation velocity ratio for equal length caviation in the cascade with equal length blades,
C/Mh=2.0 and $=80.0° under the assumption of ¢, ,,0=180" .

4.6.3 FEZURBEIEDLEK

Figure4 2ICEBZRES I L TIT o BN TFAN -V 2 V ABDE— FOF
EPSHELZELXFYET A ORI EERT, FEELXIYET A DR IEH
MTR LTS, FRZRESITIEIoNaE KELRLEIHADPLBAIIELLEERF v
E5r—2arv0FxET A OREIVERL, TAPE Y FOSBIETHLERS Y
Er—vardPAREL), ARCREEF Y ET—Va VIRELBD 5. X
BEEX Y Y7 —JaviBmELEVWHADXFY ET 4 DEED0, EVWHFDF YT 4
DEEFUEMN EREEFYETF— L a v IARRELERY, BRERXIYETF 113
FIELRL 5.

Figured 2CAEER EEF LB 2RELFYET 1 % (@,M)T, PEELFT Y
71 %2(O,)TRLTWES, EEZREFCBILFYET— ¥ a VOREBD
TRDoRoiF2.30TH DI LT, AERZREFICBITA2F YT -2 avD
REBDTRDoRai32.10TH 5. ZOFRIE, ABZERALICYBRTAILICL.
TEEBELARIER/LIEEZRERTS. LeLeds, EEXFYETF—T 3 /728
FELZVEBQ33<020<2.500 8N 5. Z DEBTIZ, EERNIEES T
P ORERORENTFEENS.

4.6.4 ERIFvYET— 3>
Figured 6ICEBZRBEFIICALS2ERFI Y ET— T a VI L TATo e F v
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Fig.4.7 Destabilzing roots for alternate blade cavitation in the cascade wth unequal length blades,

Leh=0.2, C/h=2.0 and f=80.0° under the assumption of 6, ,, >=180" .

¥r—3a VOBFIRREETRT. T— FI~NIITRTERLFYETF 1 EOLBHOE
BAARZEIZ90" & %o7:. E—FLIFEDLYOREEFYET — 3, E— FII
BAEDOLYOERIFYETFT—Tay, E—-—FIRHIDLYVOERDE—FTH 5.
INHIZTERPLHON TN 2B DEITH 5.

Figured TSR ZRENICELARXRAEEF Y ET — Y 3 VITW LTAiTo 2hel
FYET—VavOBRIINVBONTAREETE—FERT. F¥YET 1 ROLE
DEBNAMEDF v €5 — 3 VRO ELIcE VA E { BbT 5 O CIEEBEER
kR* B ST, BRTEEB DI EITARL:. COE—- FIEOBREE,rOFR
FrEF—TavE—FIICHEYT23DEELIONS.

ERBIUXREEFYET— Va3 VIIHTHINLOBITICLY, KEIFY €
TV aviEREBFXFYET -V avPRETAEL) X v YT A1 R(U/M=0.65)&
NFEXYETF L DEEFEVFYETF -3 a VI L TRETSE I EBHEEE -
7. F7z, BEOREANMNMEED —HZH b > TRELZWVWAEDBEITEICL o TH
EEFXF YT —YaYPFIELSFHITES 2 Ebho7.

Figure4 8ICAEERZERREIICE LA ERF Y UET — ¥ a VICHY T ABIIX LT
TolelgBEF ¥ €T —2a VOBKICL D BONAFRLEET— F%RT. Figured.8
OIZBVWTITRTDE-—FDOF ¥ ¥T 4 ROEEOE HMAMZE 0 H5KEFHTO°

<00,1(=0,,3)<180° DEBEWNIZHB Z & b, FEBIIMEEEER kp*=kz+1TRL

84



ury

O b o——
. 1 213 r} 180 1 2 3 1
N: , 5 =
g B, - o :
S s M . 90} B 0000000000000000% - '._I,FD
= i = S
£ i & MAAAAMM%
o [- - A
2 O s : 3 0 o
s ; g
b ‘ 2
@ -5t |OMode | & o0} O Mode |
s A Mode Il } Fig.4.8(b) £ g A Modell
2 ] Modell g LOModell
&-10 L —— L -180 . L .

[0} 1 2 3 4 0 1 2 3 4

0f2a . . ol2a
(a) Propagation velocity ratio (b) Phase angle

Fig.4.8 Destabilizing roots for the caviation equivalent to equal length caviation in the cascade
wih unequal length blades, Le/h=0.2, Ch=2.0 and =80.0" under the assumption of

bh,n+2=180" .
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(a) Reduced frequency (b) Phase angle

Fig.4.9 Destabilizing roots for the caviation equivalent to altemate blade cavtation in the cascade
with unequal length blades, Le/h=0.2, Ch=2.0 and 5=80.0° under the assumption of

b, ns2=180" .
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LRIWNIAEREZESRZHZLICLY, REXYET—Va VORE&HEALZEIED S
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5.2 &4

REHICB T2 EBRRB LN FEIEAELEARTH L. BRI VBN
JAEBDOERTALDFIZELFEHETHH DS, FETHHHELZMZ 5.

KENT CTIIEBEF DA VT a—FORXEEF Y ETF—Ta VI T5E—F
DEEBZRARNDLFEITIZ, BABLRFKICEREZN=4L L, §,065,)=3,05,),
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CZThpliIEFL OB T REHBEEDORRIIT AT ERT.

R XY T — 2 a VOBTOEED $-E4BLFARKIC, BMBOSEZEB &
UREEGEA v Fa—VICE LAV RIOERX Y ETF—a v sEr2 5, o0
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oz on
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(b) Strouhal number for alternate blade cavitation (c) Phase angle for alternate blade cavitation

Fig.6.4 Destabiiizing roots for the cascade wih Zy=2, C/h=2.0 and =80"
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Fig.6.5 Destabilizing roots for the cascade with Zy=3, C/h=2.0 and =80°
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Fig 6.6 Destabilzing roots for the cascade with Zy=4, C/h=2.0 and 5=80"
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Fig 6.7 Destabilzing roots for the cascade with Zy=5, C/h=2.0 and B=80°
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Fig.6.9 Destabilizing roots of rotating cavitation
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7.2 REBEE
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Fig.7.1 Sketch of experimental inducer

Table 7.1 Design parameters of experimental inducer

Number of blades 4
Tip diameter, D; (mm) - 149.8
Inlet tip blade angle,a ) 7.5
Oulet tip blade angle, ( ) 9.0
Hab/tip ratio at inlet 0.25
Hab/tip ratio at outlet 0.53
Solidity at tip 2.97
Tip clearance, (mm) 0.5

Inlet flow coefficient, %o 0.078

Figure7.1& Table7. 112 E NENHE A ¥ 7= —F OB RIR & TERSTET 2R
Y. AV T2 —HOMEIZSUS3I6FBTH 5. Fig.7.1(llRT 4 ¥ F 2 —40-013H-
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Table 7.2 Geometrical dimensions of inducer leading edge

0

0.05

Inducer 0-0 Inducer 0-15 Inducer 0-30 Inducer 0-50
R(mm) aC ) | Sweep Angle, C ) | Sweep Angle,C ) | Sweep Ange, ¢ ) | Sweep Angle,{ )
18.65 | 27.77 0 0 0 0
20.00 | 26.25 0 0 0 0
30.00 | 18.20 0 0.51 1.03 1.71
40.00 | 13.84 0 292 5.85 947
50.00 | 11.16 0 591 11.82 19.70
60.00 9.33 0 9.14 18.28 30.47
70.00 8.02 0 12.50 25.01 4143
74.90 7.50 0 14.18 28.37 47.28
05
O Inducer 0-0
04 | A Inducer 0-15
o ) X O  Inducer 0-30
; % V Inducer 0-50
2
% 03 |-
%
5]
0.1}
0

How coefficient, ¢
Fig.7.2 Performance curve of the inducer 0-0, 0-15, 0-30 and 0-50
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(b) Side view of cavitation tunnel
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(c) Test section for visualization of unsteady cavitation (d) Test section for measurement of performance
and inlet pressure fluctuation

Fig.7.3 Experimental apparatus
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Fig.7.5 Water tank for visualization of cavitation by high speed video camera
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