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Effect of Blade Envelope Angle on Hydraulic Performance and
Pressure Pulsation of Hydraulic Turbines
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2. The Institute of Seawater Desalination and Multipurpose Utilization, MNR, Tianjin, China, Post Code; 300192)

Abstract: In order to explore the influence of blade envelope angle on the energy recovery efficiency and
operational stability of hydraulic turbines, a three-dimensional model of the fluid domain was established
using UG. The hydraulic turbine with envelope angle in the range of 50° to 120° was numerically calcu-
lated and analyzed for external characteristics under rated conditions using CFX software. Three sets of
envelope angle schemes, namely 75°, 80° and 85°, were selected for internal flow characteristics analy-
sis and pressure pulsation spectrum analysis. Research has found that the efficiency of a hydraulic turbine
first increases and then decreases with the increase of the envelope angle, and the efficiency is highest at
around 80° envelope angle; the change of the envelope angle has a significant impact on the flow field in-
side the impeller. An appropriate envelope angle can reduce the turbulent kinetic energy in the working

flow channel of the impeller, making the energy conversion more complete after the high-speed fluid im-

Wi B HA:2023 12 -06; fE1THH#A:2024 -01 - 15
B &I 84 A TRV (ZDYF2021SHFZ057 ) ; KHT [ AR 2k & T a0 H (20JCZDJC00460 ) ; 7 R G 23 4 VERHIT e T 2k A )t
b %5 P LI B4 10 H (K-JBYWF-2021-T07 , R-JBY WF-2021-T02 )

Fund-supported Project : Hainan Provincial Key R&D Plan (ZDYF2021SHFZ057) ;Key Project of Tianjin Natural Science Foundation (20JCZDJC-
00460 ) ; Special Fund for Basic Research Business Expenses of Central-level Public Welfare Research Institutes ( K-JBY-
WF-2021-T07,, R-JBYWF-2021-T02)

TEERN SEAE(1999 - ) J MR AW L5

BIEEE  EAENE(1979 - ), 53 iR RS BRI TR



* 50 - e fE

B o TR

2024 4

pacts the blade. Under a main frequency of 7f,, the pressure pulsation at the volute and tongue is mainly

affected by the interference of dynamic and static forces; under a main frequency of 2f, , the working flow

channel of the impeller is mainly affected by eddy currents. The envelope angle has a greater impact on

the pressure pulsation of the volute and impeller, and a smaller impact on the tongue. When the envelope

angle is 80°, the peak to peak value at monitoring point rv5 decreases by 9. 78% compared with that at

the envelope angle of 85°, significantly improving the operational stability of the hydraulic turbine.

Key words: hydraulic turbine, envelope angle, internal flow characteristics, pressure pulsation, hy-

draulic performance
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Fig. 1 Fluid domain model and impeller model
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Fig.2 Grid independence analysis
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Fig. 3 Distribution of monitoring points in fluid domain
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Fig. 9 Velocity vector distributions of central section of a hydraulic turbine
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Fig. 10 Time domain and frequency domain diagrams at monitoring point inside the volute
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Tab. 1 Peak to peak pressure pulsation inside the volute ( % )

FTE  spl sp2 sp3 sp4 spS sp6 sp7 sp8
1 4.29 3.97 3.33 2.55 1.8 2.34 1.95 0.72
2 3.97 3.35 3.37 2.8 1.68 2.41 1.39 0.65
3 4.27 4.10 3.52 3.10 2.09 2.8 2.0l 0.83
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Tab. 2 Peak to peak pressure pulsation in a single

B/
AL

flow channel of the impeller ( % )

WE S wl w2 3 v s 6
1 13.83  16.25 16.61  27.35 13.51  6.54
2 14.65 15.28 17.15 20.59  9.04  7.10
3 13.57  16.01  20.68 24.05 18.82 5.72
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Fig. 12 Time domain and frequency domain diagrams of pressure pulsation at monitoring point at the tongue
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