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Influence of inter-stage seal clearance on performance
of new-type well pump
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Abstract; In order to explore influence of inter-stage seal clearance on the performance and flow field
of multistage well pumps, a new-type well pump QS =40 —30 — 5.5 was taken as the investigation
model; the whole flow field in the pump with different seal clearances were stimulated with Fluent.
Effects of the clearance on the overall performance and internal fluid flow field in the pump were ana-
lyzed. The results showed that the head and efficiency of the pumps are reduced, while the shaft-power
remains unchanged with increasing clearance at the same flow rate. A stream of liquid in the guide
vane exit flows back into the impeller hub along the inter-stage seal clearance and then it moves into
the guide vane through the side chamber between the impeller and the guide vane, causing a distur-
bance in the flow at the guide vane exit and the entrance to the next stage impeller, which increases the
hydraulic losses and degrade the pump performance. The experimental results of the prototype of the
pump show the best efficiency point occurs at a lower flow rate than the specified one, but it is still in
accord with the National Pump Test Standard of China. Because the impeller disc friction loss and the
leakage loss through the inter-stage seal clearance have been involved in the computational model, the

estimated performance by CFD is in very good agreement with experiments ( error is less than 1% ) ,
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confirming the validity of CFD numerical simulation approach. Those results might be instructive for

optimal design of new-type well pumps, especially whose impellers are designed by means of the impel-

ler diameter maximization method.
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Fig.1 Assembly drawing of new-type well pump
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Fig.2 Impeller and guide vane
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Fig.3 Computation model of two-stage pump
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Tab.1 Grid independence analysis

WiH s/mm
1.6 1.8 2.0 2.2 2.4
N 1759 116 1226845 922019 687 395 524 218
0/ % 71.995 71.992 71.983 71.534 70. 565
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Fig.4 Results comparison between model
computation and prototype test
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Tab.2 Comparison of head m
¢/ (m b 2/
0 0.2 0.4 0.6 1.0

24 41.40 41.37 41.36 41.31 41.34
32 38.61 38.49 38.38 38.36 38.28
40 32.42 32.24 32.13 32.10 31.99
48 23.99 23.83 23.71 23.69 23.59
56 12. 69 12.57 12.45 12.45 12.35
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Tab.3 Comparison of efficiency %

b/mm

Q/(m* - h™h)

0 0.2 0.4 0.6 1.0
24 67.93 67.76 67.40 67.37 67.33
32 73.74 73.56 73.25 73.24 72.96
40 72.71 72.31 71.98 71.26 70.76
48 62. 81 62.55 62.21 62.17 61. 84
56 39. 80 39.61 39.22 39.21 38. 88
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Tab.4 Comparison of shaft power kW

b/mm

0/(m*.h~1)
0 0.2 0.4 0.6 1.0

24 3.982 3.999 4.011 4. 004 4.031
32 4.561 4.558 4.565 4.562 4.570
40 4. 866 4. 856 4. 860 4.861 4. 865
48 4.992 4.979 4.982 4.981 4.984
56 4. 861 4.838 4.838 4. 840 4.841
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Fig.5 Static pressure contour in cross-section of impeller
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Fig.6  Total pressure contour in flow passages of pump
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Fig.7 Velocity vector in flow passages of pump
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