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In order to improve the output power coefficient of the Savonius rotor, newly developed Savonius rotor with
semi-elliptical sub-blade was introduced. In this research, influence of the additional semi-elliptical blades’ shape on
the output power coefficient was investigated. The regularized lattice Boltzmann method was used to simulate the flow
around the rotor, and the multi-block method was used for local fine grids of the rotor. The shape of the rotor was
described using the virtual flux method on Cartesian grids. The rotor was evaluated by the output power and torque
coefficients. As a result, the semi-elliptical sub blade generated only positive torque by interactions with the main blade
through a cycle. The proportion between chord length and camber of the semi-elliptical sub blade played an important

role in the torque coefficient generation.
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Fig. 1 Schematic view of virtual boundary points.
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Fig.2 Grid cross the virtual boundary.
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Fig.3 Extrapolation of the pressure on the wall.
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Fig.4 Schematic view of Savonius rotors when the rotational
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Table1 Rotor type for the simulation.
Case Rotor type and parameters
1 a=0.0r,b; =b,=0.396r
2 a=0.1r, b; =b, =0.366r
3 Newly developed =0.2r,b; =hb,=0.3r
4 rotor a= 0 253r, by =b,=0.253r
5 a=0.3r,b;=b,=0.2r
6 a=0.225r, b; = 0.405r, b, =0.135r
7 Traditional rotor
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Fig.5 Schematic view of a multi-block model for the simulation.
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Fig. 6 Comparison of the torque coefficient of each set of main
and semi-elliptical sub blades for Cases 1, 2, 3 of a newly
developed Savonius rotor at tip speed ratio 4= 0.75.
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Fig. 7 Comparison of the torque coefficient of each main blade for
Cases 1, 2, 3 of a newly developed Savonius rotor at tip
speed ratio = 0.75.
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Fig. 8 Comparison of the torque coefficient of each semi-elliptical
sub-blade for Cases 1, 2, 3 of a newly developed Savonius
rotor at tip speed ratio A =0.75.
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Fig.9  Pressure coefficient distributions around a newly developed
Savonius rotors at § = 120° (for thick white blades)
at tip speed ratio A =0.75
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Fig. 10 Pressure coefficient distributions around a newly developed
Savonius rotors at § = 150° (for thick white blades)
at tip speed ratio A = 0.75

Pressure -JM_LLLLM:_

coefficient -! -0.8 -06 -04 -02 0 02 04 06 08 I

-

(c) Case 3

(a) Case 1

Fig. 11 Pressure coefficient distributions around a newly developed
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at tip speed ratio A = 0.75
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Fig. 12 Comparison of the torque coefficient of each
semi-elliptical sub-blade for Cases 3, 4, 5, 6 of a newly
developed Savonius rotor at tip speed ratio A = 0.75.
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Fig. 13 Comparison of the torque coefficient per chord length 0.4r
of each semi-elliptical sub-blade for Cases 3, 4, 5, 6 of a
newly developed Savonius rotor at tip speed ratio 1 =
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Fig. 14 Definition of the rotational angle of the semi-elliptical blade.
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Fig. 15 Comparison of the average torque coefficient of the
semi-elliptical sub-blade on each phase at the tip speed
ratio A =0.75.
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Table 2 Averaged torque coefficient of each blade of the newly
developed Savonius rotor at tip speed ratio 4= 0.75.

semi-elliptical blade main blade
Case 2 00300 (-7.6%) 00493 (4.7%)
Case 3 0.0325 () 0.0518 O
Case 4 00283 (-12.7%) 00534 (32%)
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Fig. 16 Comparison of the average output power coefficient of
traditional, newly developed Savonius rotors at different
tip speed ratio.
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Table 3 Maximum average output power coefficient of traditional
and newly developed Savonius rotors.

Maxi
Rotor type amum . Difference
output power coefficient
Case 1 0.118 (1=0.751) 4.96 %
Case 2 0.136 (A =0.743) 20.7%
Newly
Case 3 develoned 0.136 (4 =0.730) 21.0%
Case 4 . he 0.132 (A=0.720) 176 %
Savonius rotor
Case 5 0.126 (A=0.729) 122%
Case 6 0.133 (4=0.726) 183 %
Traditional
Case7  ooriond 0.112 (.= 0.660) ;
Savonius rotor
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