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Abstract: In order to investigate the flow loss in guide vanes, detached eddy simulation ( DES) was used
to simulate the transient flow field of a multistage centrifugal pump. The obtained numerical results were
compared with experimental results, and the outcome showed that mean errors of head and efficiency were
less than 4% . Simulation results analyzation showed that there were three main causes of the loss, which
were flow separation in return guide vane passage, circumflux in transferable channel and collision in PS
side. In order to decrease the loss, return guide vanes were designed through impeller blade design
methods and transferable channels were optimized. The results showed that flow separation and collision
reduced when applied impeller blade design method and circumflux reduced through TZ type transferable
channel, which improved pump’ s efficiency by 2.4% and 1.7% , respectively. The analysis of flow
fields in the coupled vanes showed that circumflux, collision and separation flow were both reduced
significantly, which improved pump’s efficiency by 2. 9% .
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Fig. 1  Flow channel of a multistage centrifugal pump
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Fig.2 Comparisons of head and efficiency curves between experimental and simulation results
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Fig.3 Velocity vector and vortex in guide vane channel
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Fig.4 Comparison of return guide vane design methods
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Tab.1 Head of different return guide vane models m
Wilk/(m'-h™') 851590 85_15_100 85_20_90 8520100 85_25_90 85_25_100 FEBL
270 250.3 252.9 251.1 253.3 249.3 251.5 249. 1
341 247.6 248. 1 245.6 247. 1 243. 1 247.2 241.3
450 246. 1 245.3 244.2 245.4 243.5 243.4 239.0
562 223.8 218.8 219.6 216.1 221.4 219.8 214.1
£2 FARRSHERTERE
Tab.2 Efficiency of different return guide vane models %
WAt/ (m?h) 85_15_90 85_15_100 85_20_90 85_20_100 85.25_90 85_25_100 FEHL
270 69.2 69.6 66.7 69.6 68.8 69. 1 69. 1
341 75.0 74.3 74.0 74.5 74.3 74.1 74.1
450 84.8 83.7 84.2 84.0 83.8 84.2 82.4
562 83.1 81.9 81.9 81.3 82.3 82. 1 80.9
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Fig. 6  Comparison of velocity vector
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Fig.7 Comparison of different transferable channel models
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Tab.4 Head of different coupled vane models m

WH/(m®-h™') CZ_CF_15 CZ_CF_20 CZ_CF_25 KWL
270 253.6 252.0 253.0 249.1
341 248.9 247.2 249. 1 241.3
450 242. 4 245.2 244. 8 239.0
562 211.3 211.3 213.1 214.1
638 183.0 181.0 183.5 175.3
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Tab.5 Efficiency of different return guide

vane models %
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270 70.6 69.8 70.5 69. 1

341 76.3 76. 6 76. 8 74.1
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638 74.7 74.3 75.1 70.7
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Comparison of stream line in vane channel
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Fig. 12 Loss of different stage vanes
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