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OPTIMIZATION AND REDESIGN OF VERTICAL AXIS WIND TURBINE FOR
GENERATOR OF INDEPENDENT SOURCE OF ENERGY
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Abstract: The paper deals with one of the possibility how to
optimize the basic construction design of vertical axis wind
turbine by the help of finite elements method. There is used the
commercial software CFX from ANSYS system for analysis of
our problem. The main goal of optimization is to improve and
increase the basic output parameters of wind motor of original
construction design.
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1. INTRODUCTION

In present time the Horizontal Axis Wind Turbine (HAWT)
is the most used type of wind turbine for production of electric
energy from wind. There was a wide expansion of HAWT
systems installations in the recent 25 years at whole world.
(Manwell et al., 2009; Patel, 1999) HAWTSs are mainly built
for powers range from 10kW to units of MW. It usually needs
higher velocity of wind for proper operation and also device for
optimal positioning and turning of propeller blades.
(Paraschivoiu, 2002; Eriksson, 2008) When we need lower
range of power the use of Vertical Axis Wind Turbine (VAWT)
will be better choice.

Main advantages of VAWT are wind direction
independency, very simple design, low cost and possibility to
install it for example on the roof of buildings in city. (Li et al.,
2008) Design of VAWT contains only several parts. Electric
generator usually serves like basic supporting structure and can
be placed at ground level. Most often 3 or 5 pieces of vertical
blades (H-rotor) are directly mounted by simple blade holders
to extended shaft of synchronous generator. It forms uniform
assembly without any gear-box, yaw mechanism etc. (Muller et
al., 2009)

By means of referred advantages VAWTSs still have not
performed well in the commercial wind turbine market.

2. OUTPUT PARAMETTERS OF VAWT

There is used the hybrid system (VAWT with H-rotor +
photovoltaic panel) for street lightning at area of campus of
VSB Technical University in Ostrava. The output of this hybrid
system serves for charging the battery unit which then provide
output power to supply the highly luminous LED luminary.
Photovoltaic panel works fine and correctly but VAWT does
not. Parameters of VAWT are stated in the Tab. 1. and they are
directly specified by the manufacturer.

Nominal Power 200 W
Turbine Diameter 0,8m
Working Wind Speed 4-25 m/s
Safe Wind Speed 40 m/s
Nominal voltage output AC 31V
Nominal rpm 350 1/min
No. of Blade/Length 5/1,5m
Nominal Wind Speed 10 m/s

Tab. 1. The parameters of VAWT from manufacturer

Before mounting of VAWT on the lighting column the
vertical turbine and synchronous generator with permanent
magnets were tested in the laboratory and also basic
characteristics were measured. The chart on Fig. 1 presents the
comparison of output power characteristics of VAWT assembly
at output terminals of generator.
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Fig. 1. Output power-wind speed characteristic of VAWT

As you can see the output power of generator is in strong
dependence of load The VAWT needs higher wind velocity for
proper operation. Briefly speaking, the nominal parameters are
not fulfilled. There is probably wrong design of wind turbine or
bad output power-wind speed characteristic provided by
manufacturer of VAWT.

3. OPTIMIZATION OF THE VAWT DESIGN

Because of low power of VAWT and bad output power-wind
speed characteristic we have to change the design or make some
optimization steps. One way how to improve output parameters
of VAWT s to use finite elements method and to work with
numerical model of wind turbine. (Howell et al., 2010)

For optimization we have used the CFD software (CFX
ANSYS) and model of VAWT H-rotor. Basic CAD geometry
of original design of H-rotor is shown on Fig. 2A part. There is
also shown one of the new analyzed designs with manger
(semi-cylinder) shape of blade on Fig. 2B part.

Fig. 2. Original and the redesigned rotor of VAWT



The main parameters from CFD analysis for checking are
static torque (Ts) at braked rotor and value of torque (Ty) at
nominal rpm speed of generator (350 minY). Basic prediction
for all performed solutions is wind velocity with value of
vw= 10 m/s flowing from left side of the CFD model.

4. OUTPUT RESULTS FROM CFD ANALYSIS

In the first step of simulation is solved the original design
of H-rotor of VAWT to find out the output static torque. Its
value is only Ts=1.8Nm. As the rotor increase its rotation
speed the output torque decreased to value aprox. Ty=1.2Nm
at nominal rpm ny= 350 min.

Practical observation and measurement of the wind turbine
in laboratory confirmed this fact. It also has shown that the
layout of wind turbine is very poor with ratio length of blades
to diameter of turbine: 1.8/0.5 =3.6. The power plant does not
even reach 1/8 of the power output guaranteed by the
manufacturer. Otherwise, the required output is reached only at
very high wind velocity aprox. vy= 20 m/s.

One possibility how we can get higher torque at the same
diameter of turbine and length of blades is increasing of the
blade surface. Manger (semi-cylinder) shape of blades is well
known, cheap and simple technical solution.
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Fig. 3. Velocity profile at original and new designed rotor

There is shown the comparison of velocity profile at CFD
model of original and optimized shape of rotor on Fig. 3. Model
is made for analysis of static torque and wind speed
vw=10 m/s. As we could expect the output static torque is
higher (aprox. 3-times) in case of manger shape of blades. Its
value is Ts= 5.4Nm. At nominal rpm of generator the torque
reaches Ty=4.8Nm.

Fig. 4 presents CAD model and CFD velocity profile
solution of the other new design of wind turbine. It contains
circular blades on the rotor and fixed circular blades on the
outer stator.
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Fig. 4. The new design of vertical axis wind turbine (Lafond)

Basic requirements of this design were less diameter of
turbine and shorter length of blades (D= 0.5m, L=0.5m). Also
shape of construction elements (section of circle) has to be as
simple as possible.

The value of static torque computed from CFD model
balances between values of Ts=(3.2+3.5)Nm according to
actual position of blades. By higher number of blades on the
rotor we can rapidly decrease imbalance of torque. Turbine
with circular shape of blades has lower torque but it is able to
work with very low wind speed.

5. FINAL CONCLUSION

The original design of VAWT in connection with a
synchronous generator is designed primarily for off-grid work
and currently it works as one of the autonomous sources for
supplying of lighting that are operated at the VSB-TU Ostrava.

This paper shows the possibilities of using CFD analysis for
optimizing wind turbine design. As the laboratory measurement
and CFD analysis indicated the original design of VAWT is not
optimal and the wind turbine does not reach necessary
parameters.

Optimizing of VAWT made by help of CFD simulation
served for real construction of the new vertical turbine with
better parameters. As the paper shortly presented the CFD
analysis play the important part in confirmation of concepts.
Mutual comparison of simulated and measured values is also
very significant.

At this time the monitoring of overall functionality of the
hybrid system is being prepared from the point of view of
power output flow and then the measured data will enable to
assess the overall efficiency of proposed system.
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