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Fig.1 Schematic of experimental facility

BRI SRS P S AR PRI UL 2. Fe g
PR 2 O, 5 5 T 5 O =2 18] /9 18] B A% A il
][]t C,. e 52 PRI IR SXOK Fe WL A7 72 5 1k T
PR R B [ ] 5 41 5€ © Z 18] B 4% 1] [A] it
Cy Bl FESCS b, ARG A R K T 5 A0 8 B 7K

H A4 T ESL

A4 EFFESL .
R EERC, ©®
HhrEalgC, Wik
®

2N\

[ [} \
SNV I
e ik ﬁ ®
i
|
@ | _R=ta95 1Kt
D= $299
$301
OF & OF
@M 13t OWijiE &A% E
OEX] OTF5%
OFi &=} @ 3 I8 1% 1 2R
OHa® QAOE
©%h & O BE
DJE T OTF %

K2 SRioiElE

Fig. 2 Details of the test section
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Definition of the rotordynamic fluid force
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Fig. 4

Steady pressure distribution in the axial clearance
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Tab.1 The values of parameters obtained by fitting
the experimental steady pressure for
unsteady calculation

o /U, Uy(0)/U, 3 Cae
0. 085 0.05 5.51 1.42
0.119 0.18 2.86 1. 49
0.170 0. 24 1.50 1.59
0. 221 0.23 1. 08 1. 65
U, /U, Us(0) /U, ¢ Cae
0. 85 0. 44 1. 46 1. 56
0.42 0.33 1.45 1.57
—0.42 0.22 1.54 1.43
—0.85 0.01 1.78 1.42
C,/mm Uy(0) /U, & Cae
2 0.21 2.09 1.52
6 0. 26 1. 65 1.57
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Research on rotordynamic fluid force moment on backshroud

of Francis turbine runners in precession motion

SONG Bing-wei”'*, MA Zhen-yue', HORIGUCHI Hironori’, TSUJIMOTO Yoshinobu’

( 1. School of Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China;
2. Water Conservancy and Hydropower Science Research Institute of Liaoning Province, Shenyang 110003, China;

3. Graduate School of Engineering Science, Osaka University, Toyonaka 560-8531, Japan )

Abstract: The fundamental characteristics of rotordynamic fluid force moment on the backshroud of
Francis turbine runners in precession motion were studied by model experiments and the numerical
simulation based on a bulk flow model. The runner is modeled by a disk set close to a casing with
small radial clearance. An inward leakage flow is produced by an external pump. The effects of the
leakage flow rate, the pre-swirl velocity at the inlet of the radial clearance, and the axial clearance on
the fluid force moment were examined. It is found that the fluid force moment encourages the
precession motion at small forward precession angular velocity ratios region and the region
encouraging the precession motion is affected by the pre-swirl velocity. Through the comparisons of
the fluid force moment acting on the backshroud under the precession motions with and without the
rotation of the disk, it is found that the normal moment generated by the precession motion without
the rotation of the disk has not the effect of encouraging the precession motion. The swirl flow due to
the rotation of the disk is found to be responsible for the encouragement of normal moment on the

precession motion,

Key words: hydraulic machinery; self-excited effect of fluid force moment; model experiment and

numerical simulation; backshroud of Francis turbine runners; precession motion



