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Parametric Study of 2.5 kW Class Propeller Type Micro Hydraulic Turbine
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jinhyuk@kitech.re.kr Abstract >> A parametric study of a 2.5 kW class propeller type micro hydraulic
turbine was performed. In order to analyze the internal flow characteristics in the
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hydraulic turbine, three dimensional Reynolds-averaged Navier-Stokes equa-

Accepted 30 August, 2020 tions with shear stress transport turbulence model were used and the hexahe-
dral grid system was used to construct computational domain. To secure the reli-
ability of the numerical analysis, the grid dependency test was performed using
the grid convergence index method based on the Richardson extrapolation, and
the grid dependency was removed when about 1.7 million nodes were used. For
the parametric study, the axial distance at shroud span (L) between the inlet
guide vane and the runner, and the inlet and outlet blade angles (8 1, 8 2) of the
runner were selected as the geometric parameters. The inlet and outlet angles
of the runner were defined in the 3 spans from the hub to tip, and a total of 7 geo-
metric parameters were investigated. It was confirmed that the outlet angles of
the runner had the most sensitive effect on the power and efficiency of the micro

hydraulic turbine.

Key words : Hydraulic turbine(4: X&), Computational fluid dynamics(®™ A& & & at),
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Fig. 1. 2.5 kW class propeller type micro hydraulic turbine
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Table 1. Design specifications of the reference hydraulic
turbine

Flow rate (m3/s) 0.190
Rotational speed (RPM) 962
Head (m) 1.60
Power (kW) 2.50
Number of runners (EA) 3
Number of IGVs (EA) 4
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Table 2. Grid dependency test using grid convergence index

Ni/No/N; 1,708,925/1,369,619/1,027,879
mina/nsi 84.992/84.978/84.681
r 1.3
Apparent order (p) 11.643
£1/€32 -0.014/-0.297
Pext 84.993
e 1.65E-02%
Cext 8.15E-04%
GClfne”' 1.02E-01%

Fig. 2. Computational domain of the reference runner model
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Table 3. 2" factorial design set

Cases | Gn |Bim | Bs | Bw |Bn | Bs | L
1 -10 -7 -5 -5 -5 -5 4
2 10 -7 -5 -5 5 -5 6
3 -10 7 -5 -5 5 5 4
4 10 7 -5 -5 -5 5 6
5 -10 -7 5 -5 5 5 6
6 10 -7 5 -5 -5 5 4
7 -10 7 5 -5 -5 -5 6
8 10 7 5 -5 5 -5 4
9 -10 -7 -5 5 -5 5 6
10 10 -7 -5 5 5 5 4
11 -10 7 -5 5 5 -5 6
12 10 7 -5 5 -5 -5 4
13 -10 -7 5 5 5 -5 4
14 10 -7 5 5 -5 -5 6
15 -10 7 5 5 -5 5 4
16 10 5 5 5 5 6
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Fig. 5. Performance curves of the reference model
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