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ABSTRACT This paper reports the efficiency of a counter-rotating pump-turbine with various blade angles. Three-dimensional
steady Reynolds-averaged Navier-Stokes equations with the shear stress transport turbulence model were discretized by the finite
volume method and solved on hexahedral grids to analyze the flow in the pump-turbine unit. The numerical results for the pump and
turbine modes were verified by a comparison with their experimental data. The blade angles at both the hub and shroud of the
counter-rotating impeller/runner were employed as geometric parameters to investigate their effects on the efficiency of the
counter-rotating pump-turbine. The main effects on the efficiency of the geometric parameters were analyzed from their interaction
through the 2k factorial design method. These results showed remarkable increases in both the pump and turbine efficiencies
compared to the reference model.
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Nomenclature Nt : turbine efficiency
4B hub :hub profile blade angle of 4blade runner/
np : pump efficiency impeller

4B _shr tip : shr tip profile blade angle of 4blade runner/
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Fig. 1. Counter—rotating type pump—turbine unit™



Table 1. Design specification of the Counter—rotating pump—
turbine

(a) pump mode

N2l HEE QBT HEAR

Mass flow rate (kg/s) 5.18
Total rotational speed (rpm) 2,463
Total head (m) 2.0
Tip clearance (mm) 0.5
Diameter of blade (mm) 150
Pump efficiency (%) 77.03

(b) turbine mode

Mass flow rate (kg/s) 5.95
Total rotational speed (rpm) 1,675
Total head (m) 2.0

Tip clearance (mm) 0.5
Diameter of blade (mm) 150
Turbine efficiency (%) 81.26

2 5.18kg/s, 77.03%(BEZHE)3} 5 95kg/s, 81.26%
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Fig. 2. Boundary conditions and hexahedral grid system in
the computational domain
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Table 2. Ranges of geometric parameters

Geometric parameter Boundary
(blade angle)
4B hub +9°
4b shr tip +2°
5B hub +9°
5b_shr tip +2°
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Table 3. Numerical analysis set of 2k factorial

set 4B hub 4B shr tip 5B _hub 5B_shr tip
1 -2 -2 -2 -2
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Pareto Chart of the Standardized Effects
(response is eta_F, Alpha = .05)
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Table 4. Result of 2 factorial sets

Set Mo [%] Mt [%] Incrementp Incrementt
Ref 78,78 85,65 = =
1set 76,11 81.86 —2.66 -3.79
2set 78.42 84.70 —0.36 —0.95
3set 78.65 86.11 —0.13 0.47
4set 79.88 86.08 1.11 0.44
5set 75,98 79.06 —2.79 —6.58
Bset 78.12 83,82 —0.66 -1.82
Tset 79.06 85,31 0.28 —0.34
8set 80,01 86.98 1,23 1.34
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