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Numerical Study of the Performance of a Hybrid Vertical-Axis Wind Turbine
Consisting of a Savonius Rotor with Airfoil-Shaped Blades and a J-Type
Darrieus Rotor

Saeed Karimian Aliabadi
Hamed Kamalpour

Tarbiat Modares university, mechanical engineering faculty

Abstract

Vertical-axis wind turbines (VAWTSs) are promising for urban applications due to their ability to operate in
turbulent flows. However, the poor self-starting capability of Darrieus turbines and the low efficiency of
Savonius turbines at high tip speed ratios remain significant challenges. In this study, a novel and hybrid
wind energy system, composed of a J-type Darrieus rotor and an airfoil-bladed Savonius rotor, has been
defined. Consequently, the proposed system has been numerically investigated. The Darrieus rotor employs
J-type blades based on the NACA 0021 profile, while the Savonius rotor is equipped with airfoil-shaped
blades based on the FX74-CL5-140 section. Two-dimensional unsteady simulations are performed using
ANSYS Fluent 2021 with the k —® SST turbulence model. The parameters investigated are the two- and
three-blade Darrieus configurations and the inter-blade gap of the inner Savonius rotor, with G =0.03m (

0.15R,) and G =0.06m (0.30R, ). The results indicate that the three-blade configuration with an inter-

blade gap of G=0.03m (0.15R) achieves the best performance, with a peak power coefficient of

approximately 0.46 at a tip speed ratio (TSR) of 2.5, representing a 35.3% improvement in power coefficient
compared with the conventional hybrid design. Analysis of the velocity and pressure contours indicates that
reducing the Savonius inter-blade gap strengthens the aerodynamic interaction between the inner Savonius
and outer Darrieus rotors, contributing: to improved torque and power performance. The three-blade
configuration also exhibits more favorable torque behavior than the two-blade configuration. Overall, the
presented numerical study provides a basis for the design and geometric optimization of hybrid vertical-axis
wind turbines for urban applications.

Keywords: Vertical Axis Wind Turbine, J-type section Darrieus, airfoil section Savonius, Numerical
Simulation, Aerodynamic performance
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Figure 1- Schematic view of the baseline turbine.
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Table 1- Geometric specifications of the reference
turbine. ['7!

[Vl

Parameter Darrieus Rotor Savonius
Rotor
Number of 3 2
blades
Blade chord 85.8 -
length (mm)
Rotor diameter 1030 370
(mm)
Blade profile NACA 0021 Semicircular
Blade thickness - 2
(mm)

' Sliding Mesh
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Table 2- Specifications of the unstructured mesh.

Zone Constraint Type Value/Setting
Outer Body sizing 1 Element size =
domain 0.05m
Rotating Body sizing 2 Element size =
zone 0.005 m
Interface Edge sizing Element size =
boundaries | (Interface 1 & 2) 0.005 m
Blade Edge sizing Number of
edges (Blade) Divisions = 524

" Orthogonal quality
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Figure 3. Schematic view of the proposed hybrid
wind turbine and the inter-blade gap of the inner
Savonius rotor: (a) three-blade with G =0.03, (b)
three-blade with G = 0.06, (c) two-blade with
G =0.03, (d) two-blade with G = 0.06 .
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Figure 5. Close-up view of the unstructured
triangular mesh and boundary layers around the
blades.
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Table 3- Mesh independence study for the three-
blade configuration with G = 0.03 at TSR =2

Mesh( 1 0’ ) Coarse | Medium | Fine
Number of 1200 1600 2000
elements
(thousands)
Rotating zone size 6 5.5 5
(mm)
Outer zone size 60 55 50
(mm)
Average power 0.429 0.421 0.412
coefficient (C, )
Averaged y+ 3.67 2.76 1.15

Average y+ vs Number of elements
22

18

1.6

14

12

Number of elements(10"6)

1 1.5 2 25 3 35 4
Average Y+

Figure 4. Variations of the average )" on the all

blade surfaces with the increase in the number of
mesh elements.
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Table 4- Time step independence study for the three-
blade configuration with G =0.03 at TSR =2

AG° At (s) C
p

3° 0.00149 0.431

2° 0.00099 0.419

1° 0.00049 0411

® Pressure-base
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Figure 7. Power coefficient (Cp) versus tip speed
ratio (TSR) for two-blade and three-blade
configurations.
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Figure 8. Average torque coefficient ( Cm ) versus tip

speed ratio (TSR) for two-blade and three-blade
configurations.
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Table 5- Summary of performance indicators for
various configurations at the optimal point.

Configuration G (m) TSR Cp,max
Two_blade 0.03 1.7-2 0.26-0.28
Two_blade 0.06 1.7-2 0.28

Three_blade 0.03 2.5 0.46
Three_blade 0.06 2.2-2.4 0.44-0.45
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Figure 9. Instantaneous torque coefficient (Cm)

versus rotation angle (&) for the three-blade
configuration with G=0.03 at TSR=3.25.
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Figure 12. Vorticity contour for the three-blade

configuration with G=0.03 at TSR =2.5.
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Figure 10. Pressure contour for the three-blade

configuration with G =0.03 at TSR =2.5.
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Figure 11. Velocity contour for the three-blade
configuration with G =0.03 at TSR =2.5.
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Figure 14. Velocity contour for the two-blade
configuration with G =0.06 at TSR=2.5.
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Figure 15. Vorticity contour for the two-blade

configuration with G =0.06 at TSR=2.5.
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Figure 13. Pressure contour for the two-blade
configuration with G =0.06 at TSR=2.5.
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