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A Comparative Study on the Francis Turbine Performances
According to the Different Vane Shapes
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ABSTRACT

The objective of this study is to investigate the Francis turbine performance characteristics according to the different runner
vane shapes. The 3D shape for the Francis turbine runner was scanned and geometrical model was generated for CFD
calculation. The 3D geometrical modeling for the turbine facility was carried out using 2D CAD drawings. The FEM-based
finite volume method was used to simulate for analyzing the flow phenomena and turbine performance characteristics. And the
results obtained by CFD simulation were validated with the experimental data. The numerical results were compared with the
experimental values. The turbine performances with the modified vane shapes, which was replaced with the well designed shape
by mirroring method, were better than those of the old-designed model. In this case the efficiencies were increased up to about

4~5 percents for different flow rates.
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Fig. 1 Photos of 3D scanner (Creaform HandySCAN 700)
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Fig. 3 Attached reference points for the scanning of the runner
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Fig. 4 2D CAD drawing for the model turbine facility

Fig. 7 Reconstruction process using the 3D scanned runner image

Fig. 5 3D modeling for the model turbine using 2D drawings

Fig. 8 Comparison of 3D scanned runner image and
reconstructed runner vane shape

Fig. 6 Example of 3D shape modeling using ICEM-CFD
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Table 1 CFD results of conventional model

GV obening Flov&g rate Power [kW] | Efficiency [%]
angle [°] [m’/s]
10 1.30 163.40 76.21
16 191 259.70 82.28
18 2.07 282.83 83.32
20 2.19 298.92 82.67
25 2.40 307.98 7187
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Fig. 10 Comparison of the experimental and CFD results
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Fig. 12 Blade to blade velocity contours at mid-plane of the
old-designed runner
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Fig. 13 Velocity contours and streamlines of the old-designed
runner
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Fig. 14 Velocity contours and streamlines of the modified model
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Fig. 15 Comparison of 3D scan model and new model

Table 2 CFD results for the modified model

GV openojng Flow rate Power [kW] | Efficiency [%]
angle [°] [m?/s]
10 1.31 163.40 76.02
16 1.9 259.70 84.28
18 2.11 282.88 85.56
20 2.26 298.92 86.09
25 2.52 307.98 83.18
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