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Performance Characteristics of an Axial Propeller
Small-hydro Turbine with Various Cambers of Runner Blade

Sunseok Byeon*, Taeyoun Kim, Sangmeok Han, Jeonghwan Kim and YounJea Kim**

The aim of this paper is to examine the hydraulically optimized camber of a blade. Prior studies have tried to
determine the sound method of design on small-hydro turbines. These have appeared to realize a reasonably efficient small-hydro
turbine. Nonetheless, specific and accurate design data have not as yet been established for the shape of the runner blade.
Hence, this study examines the performance characteristic of an axial propeller turbine with 0~8% camber variations. The results
of output power, efficiency, and pressure distribution of the turbine are graphically depicted. The definition of camber refers to
the NACA airfoil. The commercial finite element analysis (FEA) packages, ANSYS, and CFX are used in this study. The results
revealed the performance characteristics on small-hydro turbine and suggested a highly efficient section shape of the runner.
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Fig. 1 Schematic diagram of small-hydro power turbine

Table 1. Design parameters of the basic small- hydro power

Net head [m] 5.18

Flow rate [m’/s] 10

RPM [rev/min] 180
Moderate hydraulic efficiency [%] 85

Blade Tip Diameter 1900 mm

Fig. 2 Designed basic runner blade at top and side views
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Fig. 6 Adopted airfoil shape on the runner blade hub

Table 2. Cases of conducted numerical analyses

Head 3m 4m 4.5m 5m 5.5m

0% Camber | C00_3 C00_4 | C00_45 | CO005 | C00.5.5

2% Camber | C02_3 C02.4 | C0245 | C025 | C0255

4% Camber | C043 | CO44 | CO445 | CO45 | Co4s5

6% Camber | C06_3 C06.4 | C06.45 | CO06.5 | C06.55

Fig. 4 Meridional shape of the runner part
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8% Camber | C08_3 C08 4 | C0845 | C085 | C0855
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Table 3. Number of elements and the cell structure

Part Name No. of Elements Cell Structure
Generator 578554 Tetrahedral, Prism layer
Guide Vane 347904 Hexahedral
Runner Blade 330000 Hexahedral
Draft Tube_1 271442 Tetrahedral, Prism layer
Draft Tube_2 444502 Tetrahedral, Prism layer
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