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In the present paper, CFD simulation is used to perform the numerical calculation of behaviours of multi-blade drag typed VAWT.
The sliding grid technology, FLUENT software and PISO algorithm are involved. By taking wind power efficiency Cp as the
goal function, the optimal situations of multi-blade drag typed VAWT with 4 and 6 blades are conducted by CFD simulation. In
this investigation, the variable parameters include the rotation rate of wind-mill ω, the blade installation angle θ and the blade
width d. The results show that: the optimal working conditions for the 4-blade wind mill at the inlet wind speed 8 m/s are
ω = 18 r/min, θ = 28°, and d = 0.83 m, which induces an optimal wind power efficiency rate Cp = 27.127%; the optimal working
conditions for the 6-blade wind mill at the inlet wind speed 8 m/s are ω = 18 r/min, θ = 27°, and d = 0.67 m, which leads to an
optimal wind power efficiency rate Cp = 30.404%.
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1. Introduction
Nowadays, energy consumption grows with time gradually. It has been predicted that humanity’s growing
demand for energy exceeds the existing energy storage volume, and the development of society will be restricted by energy supply. It is an unavoidable choice
to explore and utilize renewable energy for the future
sustainable social development.
Due to its inexhaustible characteristic, wind energy is promised to be one renewable energy resource
for the future sustainable social development.
The study of wind-mill’s behaviour and optimal design is an essential work for the application of
wind energy. The study of vertical axis wind turbine
(VAWT) attracted more attention these years due to its
excellent working style.
Since 1920s, VAWT has been studied continuously [1, 2]. Various modifications and modelling for this
type of machine have been done these decades [3]
Recently, the effect of blade installation angle
on power efficiency of resistance type VAWT and the

effect of blade number on performance of resistance
type VAWT by CFD study were studied by Zheng et
al. for 5-blade VAWT [4–6]. It indicated that both the
width and the installation angle of blade affect the
power conversion efficiency strongly. However, the
investigation on the optimization of the drag typed
VAWT is quite rare still [4–6].
In the present article, CFD simulation is used to
conduct the numerical calculation of multi-blade drag
typed VAWT with 4 and 6 blades by taking the power
efficiency as the optimal parameter.

2. Simulation and processing procedure
2.1. Preprocessing of the simulation for wind turbine
2.1.1. Geometric model
Figure 1 is the schematic diagram of the multi-blade
drag typed VAWT. The shape of blade in this study is
selected as semi-cylindrical.
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Fig. 1. Schematic diagram of VAWT

Fig. 2. Simulation model of a 4-blade VAWT

Figure 2 shows the calculation model of a 4-blade
VAWT in 2D. The wind inlets from the left border of
the area; the wind-mill is induced rotating clockwise
by wind.
The basic parameters of the wind-mill in this
study are: wind turbine radius: R = 2 m, blade height
H = 1 m, and semi-circular blade in shape.
In accordance with the previous studies [4–6],
the flow field region is divided into 3 regions, i.e., Z1,
Z2 and Z3 in Fig. 2. Z2 is a circular dynamic region,
which has a diameter of 4.4 m, the blade of wind-mill
is inside; Z3 is a circular region, which has a diameter
of 2 m, which is a static flow field inside; Z1 is the
region of the square region cutting Z3 and Z2 off. Referring to the previous study, the size of the rectangle
region is: 70 m × 140 m, the distance of wind-mill is

20 m from backward of the left border of the region
[4–6].
2.1.2. Grid division
The selection of quadrilateral grid is the same as those
in [4–6], so as to get higher calculation accuracy.
Table 1 shows the node number on each line,
while Table 2 shows the meshing in each area.
Table 1. Node number in calculation
Line

Node number

Shorter edge of the region

196

Longer edge of the region

392

Bigger circle

420

Smaller circle

210

Every blade

Fig. 3. Detail of mesh around the blade surface

26

80

Fig. 4. Diagram of a 4-blade turbine
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Table 2. Division of grid
Region

Number of grid

Z3

3 877

Z2

23 316

Z1

236 562

Whole

263 755

The whole grid number reaches to about 3·105
cells. The detail of mesh around the blade surface is
shown in Fig. 3. A superposed interface is used to separate the rotating area and the stationary area [7–9].
2.1.3. Boundary condition settings
In the calculation, following boundary condition is selected:
1) On the boundary of entrance: velocity-inlet boundary condition, i.e., the inlet wind velocity is set as
the initial value at infinity.
2) On the exit boundary: the outflow is selected as
free flow.
3) On blade surface: the boundary condition on the
blade surface is set as the solid wall, and the upper and lower boundaries of the calculation region are set as symmetric boundary.
4) On the internal surface: the interface boundary is
used.
5) On the internal unit domain: a dynamic movement domain is used.
2.1.4. Setting of solver
The FLUENT default option – Pressure Based Solver
is used. The details are given in Refs [4–6].
2.1.5. Turbulence model selection
The SST k–ω model is used. The details are given in
Refs [4–6].
2.1.6. Sliding mesh method
In order to simulate the wind-mill, sliding mesh approach is used.
2.1.7. Blade installation angle θ
Previous investigations showed that both the relative
position and the shape of blade affect the wind power efficiency rate strongly; Fig. 4 shows the geometric schematic of a 4-blade turbine, the blade installation angle θ is indicated as well. The semi-cylindrical
blade is with diameter d (or radius r); the wind mill radius is R.
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The aim of this paper is to optimize the working condition effect of the 4- and 6-blade drag typed
VAWTs at the inlet wind speed of 8 m/s by taking
wind power efficiency Cp as the goal function. CFD
approach is used to perform the calculation.
2.2. Final treatment procedure for the numerical
calculation
2.2.1. Wind power efficiency rate Cp
The aerodynamic energy of area S is
P0 =

1
ρ Sv 3 ,
2

(1)

in which v is the wind speed, r is the density of air.
The wind-mill power is
P = 2π ω M/60,

(2)

in which ω is the rotation rate of the wind-mill, M is
torque of the wind-mill.
Then the wind power efficiency Cp is
⎛P⎞
P
.
Cp = ⎜ ⎟ =
3
1
⎝ P0 ⎠ 2 ρ Sv

(3)

2.2.2. Range of parameters in the orthogonal test
method
As to the inlet wind speed of 8 m/s, following parameter ranges are set for the three parameters:
1) As to 4-blade wind-mill, d ranges from 0.82 m to
0.85 m, θ ranges from 26° to 29°, ω ranges from
17 r/min to 19 r/min.
2) As to 5-blade wind-mill, d ranges from 0.73 m
to 0.80 m, θ ranges from 17° to 22°, ω ranges
from 15 r/min to 18 r/min. The detail for this
simulation was conducted in Ref. [4], it is quoted to compare with the results for 4- and 6-blade
cases.
3) As to 6-blade wind-mill, d ranges from 0.66 m to
0.70 m, θ ranges from 23° to 27°, ω ranges from
17 r/min to 19 r/min.

3. Simulated results for VAWTs
3.1. Four-blade VAWT
Table 3 shows the calculated results for 4-blade VAWT.
27
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Table 3. Power efficiency of simulated results for 4-blade
VAWT (%)
Blade width d = 0.82 m

Table 4. Power efficiency of simulated results for 6-blade
VAWT (%)
Blade width d = 0.66 m

Instal. angle
θ (°)

Instal. angle
θ (°)

26

27

28

29

30

26

27

28

29

30

Rotation rate
ω (rpm)

Rotation rate
ω (rpm)
17

26.75

26.86

26.92

26.74

26.57

17

29.37

29.38

29.54

29.61

28.19

18

26.84

26.96

27.04

27.01

26.83

18

29.97

30.08

30.15

30.34

28.57

19

26.46

26.55

26.58

26.55

26.50

19

29.34

29.41

29.74

29.53

28.43

Blade width d = 0.67 m

Blade width d = 0.83 m
Instal. angle
θ (°)

26

27

28

29

30

Instal. angle
θ (°)

26

27

28

29

30

Rotation rate
ω (rpm)

Rotation rate
ω (rpm)
17

26.95

26.95

27.01

26.92

26.77

17

29.43

29.50

29.60

29.32

29.14

18

27.02

27.06

27.13

27.12

26.99

18

30.09

30.16

30.22

30.40

30.34

19

26.60

26.67

26.79

26.70

26.62

19

29.24

29.40

29.73

29.36

29.22

Blade width d = 0.68 m

Blade width d = 0.84 m
Instal. angle
θ (°)

26

27

28

29

30

Instal. angle
θ (°)

22

23

24

25

36

Rotation rate
ω (rpm)

Rotation rate
ω (rpm)
17

27.03

27.04

27.08

26.95

26.82

17

29.27

29.52

29.51

29.61

29.37

18

27.06

27.08

27.12

27.00

26.99

18

30.08

30.07

30.13

30.37

30.12

19

26.62

26.70

26.73

26.63

26.57

19

29.65

29.74

29.82

29.99

29.23

Blade width d = 0.70 m

Blade width d = 0.85 m
Instal. angle
θ (°)

26

27

28

29

30

Instal. angle
θ (°)

20

21

22

23

24

Rotation rate
ω (rpm)

Rotation rate
ω (rpm)
17

26.98

27.03

27.10

27.01

26.82

17

29.53

29.59

29.50

29.57

28.61

18

27.05

27.08

27.11

27.05

27.01

18

29.90

29.98

30.11

30.28

28.19

19

26.63

26.70

26.76

26.69

26.63

19

29.40

29.44

29.44

29.60

27.82

Comparing all the values in Table 3, the optimum
4-blade VAWT wind power efficiency is 27.127% at
d = 0.83 m, θ = 28° and ω = 18 r/min.

Comparing all the values in Table 4, the optimum
6-blade VAWT wind power efficiency is 30.404% at
d = 0.67 m, θ = 27° and ω = 18 r/min.
3.3. Five-blade VAWT

3.2. Six-blade VAWT
Table 4 shows the calculated results for 6-blade VAWT.
28

The simulated results for five-blade VAWT were conducted in Ref. [4]. It showed that the optimal value of
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5-blade VAWT wind power efficiency is 28.480% at
d = 0.78 m, θ = 19° and ω = 17 r/min.

4. Conclusion
In this investigation, 3 parameters, i.e., the rotational rate, the blade width, and the installation angle are
considered. Through simulations, the following conclusions are obtained:
1) The optimal working conditions for the 4-blade
wind-mill at the inlet wind speed 8 m/s are ω =
18 r/min, θ = 28°, and d = 0.83 m, which induces an optimal wind power efficiency rate Cp =
27.127%.
2) The optimal working conditions for 5-blade
wind-mill at the inlet wind speed 8 m/s are ω =
17 r/min, θ = 19°, and d = 0.78 m, which induces an optimal wind power efficiency Cp =
28.480%.
3) The optimal working conditions for the 6-blade
wind-mill at the inlet wind speed 8 m/s are ω =
18 r/min, θ = 27°, and d = 0.67 m, which leads
to an optimal wind power efficiency rate Cp =
30.404%.
4) The optimal blade width decreases with increasing the number of blades in VAWT.
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