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Design and Numerical Simulation of Turbine with Super Low Specific Speed Used in Cooling Tower
XIONG Yan, QU Bo, HUO Zht hong, DENG Li, SHI Zht neng

(College of Energy and Elecirical Engineering, H ohai University, Nanjing 211100, China)

Abstract: The turbine with super low specific speed and a flow rate of 5000 t/h used in a cooling tow er was investigated through

structural design in order to develop anew type of small Francis turbine that can match fan directly and recover the surplus err

ergy from coling tower.On the basis of Reynolds time averaged N S equation, RNG k-€ turbulent model, and SIMPLC algo

rithm, the three dimensional steady turbulent flow in the designed turbine model was simulated numerically using the commer

cial CFD software Fluent, and the flow field in the turbine and hydraulic loss of each component were analyzed. T he results

show ed that the output power of turbineis 143. 3 kW and the efficiency is 83.74% with a small head loss under the design corr

ditions. When the redundant head was in the range of 12 to 14 m, the turbine had a good flow state and stable hydraulic per

formance with the efficiency of above 83% , which indicated that the turbine meets the design requirements.
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Table 1 Basic parameters of cooling tower
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Fig. 1 Runner
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Fig.2 Blade model
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Fig.3 Guide model
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Fig.4 Volute
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Fig.5 Full geometric model of Francis turbine
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Table 2 2 Mesh generations of each component of Francis turbine
A FITH 104 A WY 104 A
Lig i 91 19
T 22 5
e 57 11
K 49 9
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Table 3  Operating parameters of turbine under design conditions

S48 Kk itk ek Hh WA HRR

B S /m (P KN/ (remin!) /KW (%) (%)
ZHUE 13 4832.6 107 143.3 83.74 95.3

SR WKk Bnaksk RBAKE K
SR WR/m R m SkBK/ m

ZHfE 0.15 0. 64 0.27
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Fig.6 Static pressure distribution of runner blade
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Fig. 1 Velocity vector of runner blade
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Fig. 8 Velocity distribution of Francis turbine
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Table 4 Hydraulic performance of turbine with different heads
KK/ m M/ (m3 . K1) H kW AR (% )
12.00 4522.4 124.5 84.21
12.25 4 603. 1 129. 4 84.20
12.50 4 685.9 134.2 84. 09
12.75 41759.7 138. 8 83.96
13.00 4 832.4 143.3 83.74
13.25 4912.4 148. 4 83. 66
13.50 4985.1 153.1 83.49
13.75 5 060. 6 157.9 83.29
14. 00 5132.8 162.7 83. 06
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