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ABSTRACT

In this paper, numerical study on a mixed-flow pump for irrigation and drainage has been performed based on three-dimensional

viscous flow analysis. Reynolds-averaged Navier-Stokes equations with shear stress transport turbulence model are discretized by

finite volume approximations and solved by the commercial CFD code ANSYS CFX-11.0. A structured grid system is constructed

in the computational domain, which has O-type grids near the blade surfaces and H/J-type grids in other regions. The numerical
results were validated with experimental data for the heads and efficiencies at different flow coefficients. The efficiency at the

design flow coefficient is evaluated with the variation of two geometric variables related to area of discharge and length of the

vane in the diffuser. The results show that efficiency of the mixed-flow pump at the design flow coefficient is improved by the

modifications of the geometry.
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(b) Meridional geometry
Fig. 1 Shape of a mixed-flow pump
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Table 1 Design specifications of a mixed-flow pump

Design flow coefficient 0.74
Rotational speed, rpm 2330

Total head, m 892

Tip clearance, mm 1.0

Number of rotor blade (& stator vane) 56
Maximum diameter of impeller, mm 1790

Owgrid

J-typegrid

Fig. 2 Compultational grids
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Fig. 3 Grid dependency test results
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Fig. 4 Overview of the test setup
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Fig. 5 CFD results validation with experimental data
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Table 2 Performance parameters of each
stage in a mixed-flow pump
Impeller Diffuser
Hydraulic power loss, kW 69.0 1231
Efficiency 0.931 0.868
250
| [—o—0»] % ™
- 8— P t " '
1 (1] ]
wor : [}
gl !
=t o
- 1 u )
o T 1/
100 W
" 1
o 1 " 1
1 [ ]
0 Inlet OTS N Impeller -lel'usc(‘ l_'soudet

i
Meridional length

Fig. 6 Total pressure and static pressure distributions

(a) 20% span (b) 80% span
Fig. 7 Diffuser inlet flow angles at each span
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Fig. Fig. 8 Static pressure distributions on the
blade surface at diffuser

Fig. 9 Static pressure distributions on the mid-span
at diffuser (unit: kPa)
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(a) 20% span

(c) 80% span
Fig. 10 Velocity vector contours
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Fig. 11 Definitions of the geometry modification

Straight vane length ratio = Lg/Ly (5)
Diffusion area ratio = Ag/A, (6)
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