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Suppression of Cavitation in a Francis Turbine using the Inverse Design Method

by Hidenobu OKAMOTO, & Akira GOTO

A suppression of cavitation in a Francis turbine was attempted using the inverse design method. Blade loading parameters and influ-
ences by rake angles were studied. Numerical prediction of the blade-surface static pressure of a conventional runner and that of a run-
ner designed using the inverse design method was done by CFD analysis and the results were compared. The inter-runner static pres-

sure distribution was suppressed based on blade loading parameters.

Consequently, the suppression of cavitation was achieved by

increasing the minimal inter-blade static pressure. It was found that the inter-runner minimal static pressure was sensitive to the rake
angle. Accordingly, blade loading parameters and rake angle control were used to design (using the inverse deign method) a runner
which carried high cavitation resistance properties. Such results suggested the possibility that the inverse design method could be an

effective tool for designing turbine runners.
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CFD (Computational Fluid Dynamics)
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Fig. 1 Computational grid on meridional plane for runner
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Fig. 2 Static pressure distribution of conventional runner
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Fig. 4 Blade loading parameters for suppression of cavitation
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T T T
*qa) [}
g =08 ° 1
(3
3
=i}
& 3 °
Eg
= 5 10 .
S ¢
i g e
3 ° BfE7 v
g 10 Conventional |
g 12 °
=
—16.6 0.0 16.6 332 49.8
L —¥fij[deg]
Rake angle

®7 L—FAoipH
Fig. 7 Effect of rake angle

P HREEMIZI2 > TE S HDORIER L LT, Jifkicid
EEPSETFMED] (M6 @ Blade Force) HMWEHT
b0 TOHITEY, ANV HMDOHOESAHEL, &
NENT VAT HEIINY FHOBES EHL, 75
7 OFENTRT 2 EEZ b5,

3-4 WRERENCLBXYET—2 3> OMF
W, R W Y FoiF v T —
g VEEN EOKMEED 72012, BAM/INSA—F L2 ¥
v¥ 27 (L—=Ff) OO %R A7z gk
X595 v FoikEt R T - 720 THMERRIEMAET » T
ER—& L, BAMNT A—-FIR4Z@HAL, L—F
filag =249° & L7. B9IHMEEFI S N3 KCT
YFIIRTH %, CED OFERTIE, 3 iR A HEAH
BR—076 THF Y ETF—Y a YHUNAELTWSEZ A
Mok hole 7Y FRRIEIMAT v F LD ET B
L7zo BR10 TGRS v F Lk L 0+ v ¥ 7

0.0

[m]
8 S
S CQOOOOO. ? 9 E sfelelsl®

|
ol
o

S0000g g

kf\—*’ Y7 — a VIRAEHHE |
.. Cavitation limit pressure
M. 799y NYF
Crown  Band
|| @ | ¥/ Rake angle —83
O O V—%f Rakeangle 332

-10

AR EL
Static pressure coefficient

T T
0.0 0.2 0.4 0.6 0.8 1.0
R T 17T 1T

Non-dimensional meridional distance

X8 L —FflC & % RIHHE S/ O ik
Fig. 8 Comparison of static pressure distributions among
typical rake angles

9 WRERENT v O 3RITIEIK
Fig. 9 3-D geometry of inverse design runner

IoNF R No. 203 (2004-4)



WIRERFT 2 WK S YO F v €7 — 3 3 i

N FvEF—y 2 VBRI

Cavitation limit pressure

AR EL
Static pressure coefficient

799 NYF
Crown  Band

| | [ ] 477 >+ Convntional
O O WifkEE Inverse design
-15 T T T T
0.0 0.2 04 0.6 0.8 1.0

IR T T 1

Non-dimensional meridional distance

10 BEAFT v F &R bEEr T v F OB FE 546 O i
Fig. 10 Comparison of static pressure distribution between
conventional and optimized design runner

=3 Y7y FOREEESMOLEZ LT\Wwb, iifF
YUY Tr—3Ya yEEHI LY, BEfET Vo L TIREHE
FHARELLEINT VLI LR Sh b, K111,
BODT v RIS T 5, AEHELEE RN Y P
B AMHNEEDT Yy RE R, WET v FDar
LR LT, SR OB LA S, A
DA HPITELL TWD Z L3505,

4. H EH T

AT, SRICHIREE T IV Y AKEDOF ¥ EF
—a VIO HWCTEM Lz, BT v ) &g s
Y OCFDMEROREMMEEZ LKL, KOKEE 7o
(1) BEMINT A=F12L - TT ¥ FHOEES A % il

WMTEDLZENHAL LR o720 RETRLZLD
LEAMNT A=Y ERHAT LI LICEY, NUF
DOFIFFIAEL 2 AWM BT T 28335 2 LA5T
&%,

(2) BNOBESMIL—FA (RF v Fx 7)) (U
THHEIEVPHON ol AT v F T E T
WA B\ TRNEE 5 % H18H9 2 720 12 FH
T& %,

(3) BAMNGA—=FERF v F U FE&MEHNT, i
BECE DV F Yy ETr— g VERICERET VS
EERET A2 ENTE

D EO#ERD S, SEESREFEE, KEORKRFHCE
WTHAHRBRY Ve HIBIEERLT

——

(a) AU T
(a) Near suction surface

GIEA

\ Leading edge
\\\ V3T

Pressure side

/ pa—
/ \\N\,\
( T \ = \ 3
k/
"‘%.‘\\\ .
045 0.60 \\M‘\
FUE T e
Suction side

(b) 75 FiEH
(b) Near band surface

11 ol kit s v rodEa v ¥
Fig. 11 Velocity magnitude contour of optimized design runner

ZEZEXW

1) Zangeneh M.t 24%, ASME Journal of Turbomachinery,
Vol.120 (1998), 723.

2) Goto.A., Zangeneh,M., ASME Fluids 98 (1998), FEDSM98-
4854.

3) Ashihara, K., Goto,A., ASME Fluids 99 (1999), FEDSM99-
6846.

4) Sakurai, TA/3%, ASME Fluids 99 (1999), FEDSM99-6845.

5) KeckHAh2%, Proceedings of the XV TAHR Symposium
(1996) .

6) Arakawa,CAli2%44, ASME Journal of Fluids Engineering,
Vol.118 (1996), 285.

7) Nagafuji, T34, ASME Fluids 99 (1999), FEDSM99-
7815.

8) Okamoto,H., Goto,A., ASME-European Fluids 02 (2002),
FEDSM2002-31192.

9) Zangeneh,M, Int. J. Numerical Methods in Fluids, Vol.13
(1991), 599.

10) Walker,P.J, ASME Journal of Turbomachinery, Vol.112
(1990), 385.

IoNF R No. 203 (2004-4)



