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The main parameters from CFD analysis for checking are 
static torque (Ts) at braked rotor and value of torque (TW) at 
nominal rpm speed of generator (350 min-1). 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. TW= 1.2Nm 
at nominal rpm nN= 350 min-1.  

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. vW= 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. 
 

 
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 TW= 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. 
 

 
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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