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Influence of runner blade on hydraulic performance of
siphon turbine based on CFD

YU Yunyun, QIN Zhansheng, ZHOU Daqing, LIU Min
(College of Energy and Electrical Engineering , Hohai University, Nanjing 210098 , China)

Abstract ; In order to efficiently utilize the ultra-low head water resources, an axial flow turbine with a siphon outlet
conduit was designed, and three-dimensional CFD numerical simulations were conducted with the design head and
rated runner speed. The hydraulic loss of each flow passage component was calculated to study the hydraulic
performance of the siphon turbine. The relationship between the flow regime at the runner outlet and the head loss
of the outlet conduit was analyzed by changing the runner blade airfoil, and the influence of different runner blades
on the hydraulic performance of the siphon turbine was studied. The results show that, with a constant water head
runner speed, and guide vane opening, the head loss in the outlet conduit of the turbine in the modified scheme
with the third blade is at a minimal value of 0. 135 m, the corresponding average swirl angle is 13.260, and the
turbine efficiency is at the maximum (89.33% ). In addition, the influence of the number of blades on the
hydraulic performance of the siphon turbine was analyzed through selection of the blade with the maximum
efficiency.

Key words: siphon turbine; outlet conduit; blade; swirl angle; hydraulic loss
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Fig.1 Siphon axial-flow turbine model
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Table 1 Equation of angle of wing shape centerline of each blade

R FIRR O v T 2 TR

zﬁ % Span =0 Span =0.5 Span =10
0 y=14.79x%+3. 92x+0. 42 y=30. 33x%+65. 53x—12. 39 y=45.01x%+121. 39x-13. 44
1 y=22.23x%-4. 97x+1. 69 v=49. 88x%+54. 46x-11. 64 y=88. 58x%+106. 43x-12. 83
2 v=28.42x%-10. 85x+2. 34 y=69. 87x%+44. 65x—11. 09 y=126. 7242 +97. 44x-12. 61
3 y=31. 14x%-14. 01x+2. 94 v =83.29x%+40. 67x-10. 84 y=160. 9352 +90. 59x-12. 42
4 y=38.16x%-21. 51x+3. 52 y=101. 28x%+29. 28x-10. 06 y=204. 5947 +73. 94x—11. 79
5 v=35.63x*-18. 37x+3. 04 y=102. 78x% +29. 10x-9. 99 y=220. 9747 +68. 16x-11. 29
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Table 2 Influences of outlet edge shape of blade on external characteristic parameters of siphon turbine

e Pk g/ A1/ L&Y KA/ m

Gz (s (N-m) kW % AP S e oK Bk
0 2.745 2030. 80 41.45 81.19 0.013 0.019 0.121 0.201 0.354
1 2.429 1932.82 39.45 86.26 0.011 0.015 0.067 0.170 0.263
2 2.199 1802.01 36.78 88.10 0.009 0.012 0.065 0. 144 0.230
3 2.013 1683.94 34.37 89.33 0.008 0.011 0.052 0.135 0.206
4 1.911 1579.50 32.24 88.04 0.007 0.010 0.075 0.142 0.234
5 1.858 1534.72 31.32 87.35 0.007 0.011 0.082 0.151 0.251
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Fig.3 Relationship between average swirl
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Fig.4 Flow streamlines in siphon outlet conduit with different blades
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Table 3 Influences of number of blades on external characteristic parameters of siphon turbine

I et B/ (r » min~!) Wi/ (m® - s7h) /(N - m) /KW W % KEE/m  FERICR/ %

3 195 2.013 1683.94 34.37 89.33 0.206 97.09
4 195 1.802 1448.29 29.56 85.44 0.283 94.23
5 195 1.649 1282.19 26.17 82.24 0.346 88.88
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