9530 & 55 5 fn=sh hEH, Vol. 30 No. 5
2015 4% 5 H Journal of Aerospace Power May 2015

XE S :1000-8055(2015)05-1228-08 doi:10. 13224/j. cnki. jasp. 2015. 05. 026

AREHHATRNEFRZTANENKIITE

PR, BER, ihRE. TFE
CEINFE T R2E IR S 30 TREZBE, 221 730050)

1 . YBOFMERNE VBTN ENFERS NG, A TR )&V i8R g 217 72l )3 7
76 DTS FBCR 1 F 0 AR5 ZE R R 080 AR Pro/e B 2 37 LA A2 Y, 3% A Ff ANSYS-CFD x4
T L A 5 P VL i A T 3 M S AR TE R () S I BT VR 3B T S PN 1 R T Ik B R A, =2 5 e A
ML L A 460 P B Bt 1 B 6 SR 0 AT B A B 3 BT S TR B8R W 35 ST R N 1 7 Tk Bt A B
A FVR 138~ HLEA N R s B B0, DFIR 45 SRR W) 2 S 8055 T 9 B, W8 58 P ) o) R0 ASE 1) 2% Mo 00 e 4k 19 s ) Jok
By AT A 5 /0 5 B8 52 PN AR 1) 4% W I A0 Ak ) TR 0 ik sl =8 0 (A e R Yk sl D e 9 e 1% 388 i T 48 R L (R
T ISP G G SRR B S /DN 5 M S R S DRI ROk 9 1 A SRR AR T IR T AL
ALY AR B AR TR L B T ) i T ALALIE 1T R R R E T

X 8 W |0 WS WIIET; BOR; EIlkah; #ksh

RESES: V245.4; TH311 XERARERD: A

Calculation of pressure fluctuation within volute of hydraulic

turbine under different guide vane numbers

SHI Guang-tai, YANG Jun-hu, MIAO Sen-chun, LI Tai-long

(School of Energy and Power Engineering,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Vibration phenomenon exists when centrifugal pump is operated as hydraulic
turbine. In order to make hydraulic turbine operate stably, the volute outlet of hydraulic
turbine was designed with different guide vane numbers; then, the geometric models were
established using Pro/e software under different guide vane numbers; the monitoring points
were set using ANSYS-CFD software along circumferential and radial directions of volute,
and amplitudes of pressure fluctuation within volute of hydraulic turbine were calculated
under different guide vane numbers; afterwards, the calculational results of pressure
fluctuation were transformed by fast Fourier transform, and the distribution of frequency do-
main of pressure fluctuation in volute and vibration in hydraulic turbine were analyzed under
different guide vane numbers. Investigation results show that the dominant frequency ampli-
tude of pressure fluctuation is minimal along circumferential and radial directions of volute
when the guide vane number is equal to 9. With the increase of flow rate, dominant frequen-
cy amplitude and maximum fluctuation amplitude of pressure fluctuation of monitorin points
of valute along radial direction gradually increase, but the degree of increase gradually de-
creases with the increase of guide vane numbers. When the volute outlet of hydraulic turbine

is designed with a set of guide vanes that the guide vane number is equal to 9, the vibration
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and noise within hydraulic turbine are effectively reduced, and the stability of hydraulic tur-

bine is enhanced.
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Fig.1 Monitoring points for pressure in volute
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Fig.3 Comparison between testing and numerical

calculational results
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Fig.4 Frequency domain of circumference pressure fluctuation in volute
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Fig. 5 Velocity distribution within hydraulic turbine with different guide vane numbers under optimum condition
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Table 1 Dominant frequency amplitude and maximum fluctuation amplitude

of circumference pressure fluctuation in volute

A Z=9 Z=11
EFR/kPa BAMEIRL/ % IR/ kP RAIKSIRNE/ % EWR0E/kPa BRI/ %
1 22.69 1. 45 8.68 1. 34 16. 23 1. 25
2 22.64 1. 44 8. 62 1. 34 16. 44 1.26
3a 19. 39 1. 44 8.62 1. 30 13.72 1. 30
4 18.79 1.43 8.75 1. 33 13.05 1. 33
5 22.69 1. 55 10. 55 1.53 20. 03 1. 25
6 22.74 1. 44 8. 74 1. 33 16. 26 1. 26
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Fig. 6 Frequency domain of radial pressure fluctuation in volute
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Table 2 Dominant frequency amplitude and maximum fluctuation amplitude of radial pressure fluctuation in volute

7=1 7=9 z=11
RIS
EWREAE/ kP IR Rk SR/ 00 FIEAE/ kPa SR KBRS/ 6 FBIREE/ kPa Rk S iR {E/ 0
3a 19. 39 0. 536 8.62 0. 365 13.72 0.331
3b 19. 48 0. 539 8.62 0. 365 13.78 0.333
3¢ 20. 07 0. 564 8.63 0. 370 13.87 0. 336
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Fig. 7 Frequency domain of radial pressure fluctuation in volute under off optimum conditions
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Table 3 Dominant frequency amplitude and maximum fluctuation amplitude of radial pressure fluctuation

in volute under different flow rates

7=1 7Z=9 7=11
WA T8 iR/ KWk sh F A 1/ FeK bk sh EX 11 iESN &
kPa W AE /% kPa W& e/ % kPa WEAE/ %
/N E 8.18 0.274 5.43 0. 247 13.31 0. 320
3a EMTH 19. 39 0.536 8. 62 0. 365 13.72 0.331
K& 29. 85 0.784 13.56 0.493 14.77 0. 364
N 8.21 0.277 5.43 0. 248 13. 37 0. 322
3b LT 19. 48 0.539 8.62 0. 365 13.78 0. 333
K& 30.01 0. 789 13.56 0. 492 14. 82 0. 366
s A 8. 45 0.291 5.43 0. 250 13. 46 0. 324
3¢ mAMLTH 20. 07 0. 564 8. 63 0. 370 13. 87 0. 336
K& 30. 89 0.816 13.57 0. 498 14. 94 0.372
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