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Reduction of Complex Pressure Fluctuations and Vibrations in a Pump-water Tunnel System
(1st Report: Measurement and Understanding of Phenomena)

by Shijie GUO, Yoshiyuki MARUTA, Hidenobu OKAMOTO, Hideki KANNO, & Kiyonori SATO

Significant pressure fluctuations were observed in suction water tunnels when an axial flow pump was operated without an actual
head at some blade angles. To identify the causes, investigations were done by measuring acoustic natural frequencies and pressure
fluctuations in the tunnels, lateral and torsional vibrations of the pump shaft, and pressure fluctuations of the oil in the hydraulic system
to control the blade angle. Measurements were also taken by inserting air into the suction tunnels with a compressor and by setting air
bags inside the tunnels. The results showed that acoustic resonance occurred in the tunnels, but it was not a simple resonance. The
dominant frequency, which was neither the blade passing frequency nor its higher harmonics, depended on rotating speed in the reverse
way: it decreased when rotating speed increased, and vice versa. The pressure fluctuations and vibrations of the pump shaft had a
strong relationship. However, they had different dominant frequencies and occurred at different blade angles. Several measurements
were made in different seasons and it was found that the phenomena were season-dependent. The causes are discussed. It is believed
that the excitation source was vortex shedding from the blades, which locked into the acoustic resonance in the water tunnels via vibra-

tion of the blades.

Keywords: Flow-induced-vibration, Pressure fluctuation, Vortex shedding, Acoustic resonance, Turbomachinery, Axial-flow pump, Pump station,

Rotordynamics, Hydraulic control, Angle-changable blade
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Fig. 1 Schematic view of the pump-water tunnel system

100
—57% —29% 0%
75 —86%
X g
5 50
B2
L=
RE 21
10 9
Y AT KR
8 System head curve
E g 0%
] 6 —86% —57% —929%
£3
& &
2
0 T g T
0 10 20 30 40
Jitie m?
Flow rate

K2 KT
Fig. 2 Performance of the pump

B 3 1A A BB RE OME S 2 7R3, 22 ERlC
W SN ffay F2wTrzazxAy K& ETF &8¢
HILICXDEMMAEEZ D, BET v FOMEIE ER
DEA b2 L THIETHEISNG, Lo T, MHIERE
HEDIMEIPIRYE v F ¥ ZTIRE)DIXRIC 72 5o KEEILIEAH
AU, SPIHHREN 720 TR R & WIRE SRR S e v,
SHIH LT, IREIDSK & WE, TIRIREN SR H I
HEINDLZENEZ LN,

WA K DI IRED % X 112783 P1~P6 ? 6 15 Cilll
L, I LMTIEP7 CHE L7z TR A G AR o
MEZB 2 MO TH % Puk PATHIE L. Pu
RS 2 - 100%2° 5 0% 1155 & & o,
Pd LRI A % 0%0> 5 — 100%12 FIF % & X ORI
Hbo —7, EMOAQL Y MRE)Z I 17203 A
F—YTHEL, BIRE)ZMIC0ET S L CRE L2
BOMBEY v 77 v 7 TUE Lz ThHEEEHEOF
FIET L A=y T L7z, BikoEn, Ry 7 A
EHBEOWRB O MHEE Y v 7 7 v 7 THllE L7z IRE)&
WRHOBLIFHIKAER RSN 7280, FHiEEZ T
WE 217720

3. KERDHIGEFIRENE

WK L72K S ¥ 7 & KD ALIKEANE T AAR (K
D, HBEZ525Z L1280 KENOLIEE— F&ILE
A REY S 2 e U7z SBHR O T & E RIS Z ofllE %
EL, HON-EARBEERLIORT, MEICE-
THRBUT I/ARFEOIEE — F T, K414 BB ERBT
TROIZZDE—= FOEN A ERT o RUIRTEIE
Ry 7EIERE, 2% 0, HH LK RWE ZOH

TR
Blade angle
+14%
. \;j\; 14% ’ i > Tl
A7 5".;;*-\ —57% | Pump shaft

‘/ 114% o
i ™ Bfeo v F
| Tension rod
A TR
Blade shaft
U yazay F

Cross head

DI

Flow direction

3 R G OBE SN

Fig. 3 Schematic view of the mechanism for changing blade angle

INT IR No. 206 (2005-1)



RV TRERTIAE LB IRE) & RIS "2 o5 GF 1R, BUbRHIC

2X 2 BRI

F1 7% 2 ZETHE L 7KE o S E A IRE K
Table 1 Acoustic natural frequencies in the water tunnels in
different seasons
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Table 2 Acoustic natural frequencies in the water tunnels with
air bags (April 1998)

IRE) R HI SRR 2L OYT JHRHi JHL 1%
Time Before operation After operation Position of air bags Before operation After operation
19974E12 1 o Yt AL 101
December 1997 90 Hz 10 air bags in area A 375 Hz 450 Hz
1998424 N * Bt A2 648 o
April 1998 A75 Hz 95~110 Hz 6 air bags in area A 425 Hz
200146 J] _ YAt A L2548 _
June 2001 875 Hz 5 air bags in area A 2.5 Hz
20014E7 H 875 Hz 105 Hz %FﬁA [ 5@
July 2001 5 air bags in area A
200148 /1 T B 518 B R
August 2001 875 Hz 1025 Hz 5 air bags in area B
20014:9 7 Y BIZ 1044 o
September 2001 115 Hz 115 Hz 10 air bags in area B 1225 Hz
2001410 H o
October 2001 1025 Hz
=19 ¥ - > FFun R TR %

* ut{ﬁqliiﬁﬂ MiZh 7o TITW», TOMBTKREIZILL, AR Wfﬂﬁ Blade angle : — 19% —14% ~10%
WHED 512 Ll PR $umwm, Lo
The measurement continued for several days. Different date gave i
different frequencies because of the change of quality of water. , M% %MWAWMMMW% M%; J%W& % i B

+ P0S=40 1 FLISOFF Lli.J : :
(a) —100%%50%E TORMRMAAL —F
Angle sweep from —100% to 0%
JIMS  Blade angle : —10% —14% - 1?%

a4 AREFRFTICIVHEONZZIRLEE-TF (I/4%ER)
Fig. 4 The 1st acoustic mode obtained by FEM analysis
(1/4 wave length)

FIREYET, WIRFFICBIT 5 /40K T — FOBAIRD)
BT IR I AR TR 4% M0 & & 2 4 BRESERAT ChlE
BL720 RUIR ST S EAIREY B2 EIRHT IR
& ALY 2 BHNIAREZALICHE ) Kp s oz b L %
AOND, KFHENTHEY, RREHEEKL Z2wE, X%
YHADFEAEL, EARBBE AT S5, HEIER
T HYEITIE, RO BEA R I E A EED R
Modze HABRAIE B EHOZAL & LG EA IRE) D
AL R MRS B 72012, KBTI ¥ TV v TR E %
DL DOWEE BRELHBEL2LEOMEEZIT-
Too BREEZHBE LI AOEARY ML ER2ITR-T
FREALEIZOVTIIRI 2B H) o 225488 L F A IRB) 5L
RRELEZDIENTE b,

R3A 7K B& A D £ FIBRED
R Y 7T OB & KN OIETIIRE) D FEARILR 2

(b) 0%% 5 —100% % TOPRM A4 —F
Angle sweep from 0% to —100%

5 PR A A — TR PLCRlE L7z IRE)
CREAS Itz o B C iz, 1997 4F 7 HAZlE)
Fig. 5 Pressure fluctuations measured at P1 during angle sweep
(operated at rated speed, measured in July 1997)
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Fig. 6 Dominant frequencies both during angle sweep and when the
blades were held at constant angles (measured in July 1997)
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Table 3 Measurement results in different seasons (A.O. : After Operation)

&3 1] KRB 58 4= > 4 4 KINRE) 58 A= 0> FIAR A i P HUBRE IR JETL % O LG [ AT IR T KNk By DR
Time Occurrence of large Maximum angle range Dominant frequencies Acoustic natural Magnitudes of large
fluctuations of large fluctuations frequencies (A.O.) fluctuations
- 85~9.0 Hz, 115~ 14 Hz
19075 )] - - TR et — 1/3~1/2
May 1997 None None .
depending on angle
19974E7 H H = 14%H 5 — 62% £ T N * o
Tuly 1997 Yes from — 14% to — 62% 1025~110 Hz !
199844 H H = 25%M 5 — 45%F T _ * . *
April 1998 Yes from —25% to —45% 90~1025 Hz 95~ 110 Hz V15
85~88 Hz, 115~ 14 Hz
e o ,
200145 4 TR 1 ARAT 10.75 Hz 1/5~1/3
May 2001 None None .
depending on angle
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The measurement continued for several days. Different date gave different frequencies because of the change in the quality of water
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Fig. 9 Changes of the pressure fluctuations at P1 in the water
tunnels and the lateral vibration of the pump shaft
during an angle sweep from — 100% to 0%
(operated at rated rotating speed, measured in July 1997)
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Fig. 10 Torsional vibration of the pump shaft and pressure fluctuations
at P1 in the water tunnels when the blades were held at — 14%
during an angle sweep from — 100% to 0% (operated at rated
rotating speed, measured in April 1998)
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Fig. 11 Torsional vibration of the pump shaft and pressure fluctuations
at P1 in the water tunnels when the blades were held at — 40%
during an angle sweep from 0% to — 100% (operated at rated
rotating speed, measured in April 1998)
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Fig. 12 Dominant frequencies of the torsional vibration of the pump
shaft both during angle sweep and when the blades were held
(operated at rated rotating speed, measured in April 1998)
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Fig. 13 Pressure fluctuations in the suction water tunnels, the discharge
pipes and the oil paths, as well as vertical vibration of the
ground during an angle sweep from — 100% to 0% (operated at
rated rotating speed, measured in July 1997)
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Fig. 14 Pressure fluctuations of the oil and torsional vibration of
the pump shaft, held at a constant blade angle of — 14%
during an angle sweep from — 100% to 0% (operated at
rated rotating speed, measured in April 1998)

FETIREYASFEAE L 22\ WRE) O FLERFE P01 11 Hz ~ 12
Hz T, ZOMBEEBIZZEREDHIE S N6 0L
AIREE L EZ 2 TS, FBEEKA 11 Hz25 12 Hz
FCTET H2DRREDZENICELLDTH b,

8. BULEER

FHRAEDOWERRE L LODLERDIH TGS,

KB D S WG [ A SRE) UK E ISARAE L, BE4a9 Hz~
11 HzTH o7z (I/4ABEDHEE— F)o IRE)D HLBE
BeRL, REARBEU L VDS, EIRFMFITIKAE L

IoNF R No. 206 (2005-1)



R TREERTHA L 7B IRE) & IREBIG R 2055 G513, BIEHIIC X 2 IR 0itiE)

02

" P4 P3 90 H 1
oo it (MGl WA
v I T
-02

0 1 2 3 0 1 2 3 4

0 1 2 3 2
i s ElH s il s

Time Time Time

[R]
Pressure fluctuation

15 PIRAZ0%H 5 —100%F TICAAL —7 L72##E T - 38%12
PR¥E LA BUCIE L 72 I MRS
GERE iz B Gz, 19984F- 4 H1Zill%E)
Fig. 15 Pressure fluctuations at different points when the blades were
held at — 38% during an angle sweep from 0% to — 100%
(operated at rated rotating speed, measured in April 1998)
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Fig. 16 Pressure fluctuations at different points when air was inserted
into one of the two suction tunnels during operation, the blades
were held at — 29% during an angle sweep from — 100% to 0%

(operated at rated rotating speed, measured in April 1998)
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Fig. 17 Pressure fluctuations at different points when air bags were
set at area B (see Figure 1), the blades were held at — 24%
during an angle sweep from 0% to — 100% (operated at rated
rotating speed, measured in April 1998)
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