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ABSTRACT

In this paper, flow analysis of the open-source based hydraulic performance evalutaion and its validation of axial-flow pump

are proceeded using the foam-Extend and Ansys CFX, which one is open-source solver and other one is commercial solver.

To check validity of the open-source mesh generator, the cf-Mesh which can construct hex-dominant mesh is selected as

unstructed mesh generator and the TurboGrid is selected as the counterpart. There are three cases to compare the performance

result of the open-source solver, which is called as the CFX with TurboGrid, the foam-Extend with TurboGrid, and foam-Extend

with cf-Mesh. by the performance comparing and flow structure analysis, the flow nearby IGV and Impeller is slightly different

but can be accepted. However, nearby the diffuser vane, the foam-Extend with TurboGrid case cannot predict the separation

nearby the trailing edge. Because of the differences of flow contour and performances are acceptable, the foam-Extend can be

selected as flow analysis program of axial-flow pump with well-defined flow interfaces.
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Fig. 1 Flow analysis process of Axial—flow pump
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Fig. 2 Computational domain of axial flow pump

Table 1 Design specification of axial pump
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Table 2 Libraries of OpenFOAM to analyze axial—flow pump
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Fig. 3 Grid system of rotor region using cfMesh

Table 3 Grid convergence index for the grid dependency test

Total Efficiency | Total head ‘ Power[kW]

Ni 2,206,510

N, 1,355,593

N; 766,031

I 1.176

I3 1.210

o) 80.448 12.840 18.154

oY 80.216 12.843 18.212

03 79.729 12.865 18.353

&1 -0.232 -0.004 -0.058

e -0.487 -0.021 -0.142
Apparent order, p 3.274 8.758 4.132

0™y 80.779 12.838 18.093
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Fig. 4 Grid system of rotor region using TurboGrid
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Table 4 Comparison on differential schemes of solvers
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Table 5 Comparison on interface boundary conditions
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Table 6 Comparison of performances
Case #1 #2
Diff. (%)
Solver foam-Extend Ansys CFX
Mesher cfMesh TurboGrid
Efficiency (%) 80.45 79.11 1.69
Total head (m) 12.84 12.79 0.39
Power (kW) 18.15 18.44 -1.57

Pressure
2.500e+04
-3.750e+04
-1.000e+05
-1.625e+05
-2.250e+05
[Pa]

Span=0.5 Span=0.9

(a) Pressure contours

Span=0.1

Velocity
3.000e+01

2.250e+01

1.500e+01

7.500e+00

0.000e+00
[m s”-1]

Span=0.1

Span=0.5 Span=0.9
(b) Velocity contours

Fig. 5 Flow contours by cases
(Top: Casel, Bottom: Case?2)
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Table 7 Comparison of pressure on interfaces
Case #1 #2 Diff.
Inlet guide -119.720 | -119.826 0.106
vane (IGV) -119.720 | -119.826 0.106
Impeller -63.927 -58.015 5912
Periodic
(IMP) -63.925 -57.827 6.098
Diffuser vane -4.305 2430 1.875
(DV) -4305 2426 1.879
-136.771 | -135.124 1.647
IGV to IMP
Mixing -136.768 | -135.638 2.140
plane -21.084 -24.608 3.524
IMP to DV
-21.082 24382 3.300
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Fig. 6 Flow contours and streamlines on midspan
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