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 
   Abstract: With the present advancement, a wind turbine needs a 
wind rotor with high torque and power. The present study aims to 
enhance the torque and power of wind turbine by employing the 
ducted dual rotor. In this regard, CFD analysis is performed to 
analyze the torque and power produced for horizontal axis single 
rotor bare wind turbine, dual rotor wind turbine, and 
convergent-divergent ducted type dual rotor wind turbine. The 
comparative study is conducted to enhance the power and torque 
for the aforementioned rotor type. The results highlight the 
maximum value of torque for a dual ducted wind turbine is 36.9% 
more than a dual rotor at 16 m/s of wind velocity and 92.2 % more 
than a single rotor at 16 m/s of wind velocity, and the maximum 
value of the power produced for a dual ducted wind turbine is 
40.48% more than a dual rotor at 16 m/s of wind velocity and 
139.66% more than a single rotor at 16 m/s of wind velocity. 
Therefore result suggested that a dual ducted wind turbine is 
better than a single rotor wind turbine.  
    Keywords: TSR- Tip Speed Ratio, BL- Braking Load, 
BT-Braking Torque, SP-Shaft Power. 

I      INTRODUCTION 

We are living in a world where life is dependent on the 

various resources in which some are conventional and some 
are non-conventional. Out of which conventional resources 
are having some disadvantages, these resources are not very 
harmful to the human being. Researchers have been going on 
non-conventional energy resources in which wind energy is 
one of them .lots of research have been going on in various 
non-conventional energy resources wind energy is one of 
them .for single and dual rotor number of research are going 
on. The maximum amount of power that can be extracted is  
only 59% which is known as the Betz limit. For single rotor[1] 
maximum power extracted is 23 %but for dual rotor it was 
33%which was about 43 %higher when a higher segment was 
considered but besides shrouded wind turbine produces more 
power or can extract more power as compared to bare turbine 
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[6]. So taking dual rotor and shrouded or ducted dual rotor 
convergent-divergent in nature, CFD analysis is to be carried 
out. Wind turbine dimensions are considered for analysis as 
per [1].CATIA model was prepared to proceed for CFD 
analysis then graphs are plotted to obtain results. 
 

II. LITERATURE SURVEY 

In many research, it was observed that dual rotors extract 
more energy/power from the wind as compare to a single rotor 
wind turbine. Moreover, diffuser/ducted type wind turbine 
will produce more power as compared to a single one so 
because of these to effect we are going to take these two 
effects along with and the full set up performance will be 
analyzed.[1] observed that dual rotor will produce more 
power and will also produce more torque after a certain wind 
speed.[2] observed a 7 % increase in Cp for a dual rotor wind 
turbine as compared to a single one.[3] observed that the 
coaxial dual rotor will produce more power. [4] observed that 
there is an 11-13 % increase in power coefficient when a dual 
rotor is employed.[5] observed that a shrouded wind turbine 
will lead to a low cost per kW.hr energy utilization as 
compared to an unshrouded one.[6] observed that power 
efficiency of 11.2%  without diffuser of wind turbine while 
13.5% with a shrouded wind turbine.[7]observed that with a 
long diffuser (Lt = 1.47D), there is an increase in the power 
output of approximately 4 to 5-times that of without diffuser 
wind turbine is achieved.[8] investigated .that means the 
increase in power generation is about 5% due to optimum 
flange angle as compared to bare one.[9] observed that a 
shrouded wind turbine produces more power as compared to a 
bare one.[10] observed that a flanged diffuser will enhance 
the performance of wind turbines.[11] observed that diffuser 
augmented wind turbine performs better.[12] diffuser-type 
wind turbine performs better.[13]rotor design aspects for 
diffuser augmented wind turbine.[14] observed that ducted or 
funnel-based wind turbine perform better as compared to bare 
one. In this paper, CFD analysis is performed on a single 
rotor, dual rotor, and ducted dual rotor wind turbine to 
analyze the parameter of toque and power produced. 

III . METHODOLOGY 

      It has been observed experimentally in [1] that a dual rotor 
produces more torque and more rotational speed as compared 
to a single rotor wind turbine. Taking the same design 
consideration of wind turbine as given in[1],  
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CATIA  model was prepared for single rotor and dual rotor 
and dual ducted wind turbine rotor, then the analysis on 
ANSYS software is to conduct for a single, dual and dual 
ducted wind turbine as per given figure. 
                                                                                                       

 
Figure 1(a) 

 
 
 
 
 
 
 
 
 
 
 

Figure 1 (b) 
 
 
 
 
 
 
 
 
 
Figure 1 (c) 

 
Figure 1 (c) 

Figure 1 (a) Dual rotor 6+6 bladed ducted wind turbine. 
CATIA model. 
 (b) Dual rotor 6+6 bladed wind turbine CATIA model.  
(c) Single rotor 6 bladed CATIA model. 
The designed model was prepared on CATIA software as per 
the given configuration in [1] wind turbine blade design was 
taken from [1]. Fig 1 represents the prepared CATIA model 
single, dual and ducted dual rotor model. 
The fundamental equation used for wind turbine 
 =    (0.5) * ρ *A* 3 where is power coefficient, ρ=1.25 

kg/m3  is air density, (A=1.813m2) wind turbine frontal area, 
  is wind velocity,  Diameter of dual rotor= 152 cm.[1].the 
material of the blade is taken as aluminum with 6+6 number of 
blades placed symmetrically.[1].based on above given 
reference no[1].model was prepared on CATIA for - 
1. Single rotor 6 bladed wind turbine as per fig 1(c) 
2. Dual rotor 6+6 bladed wind turbine as per fig 1(b) 
3. Dual ducted rotor 6+6 bladed wind turbine as per fig 1(a). 

IV . RESULT AND ANALYSIS 

     The analysis was conducted on ANSYS  software for the 
above three segments of the wind turbine at different wind 

velocities and then results in terms of torque and power were 
observed as per the given table. It was already observed 
experimentally in [1] that a dual rotor 6+6 bladed wind 
turbine produces more torque and power as compared to a 
single one. So here we are going to analyze the performance 
of single rotor, dual rotor, and dual ducted rotor on 
mechanical software ANSYS, and results are observed. 

 
Figure 2(a) 

 
 

Figure 2 (b) 
Figure 2 (a) Meshing CATIA model of the turbine blade. (b) 
Single rotor 6 bladed wind turbine torque analysis on 
ANSYS. 
The above-given figure represents the meshing on ANSYS 
for single, dual, and ducted dual rotor wind turbine in 2 (a). 
And that of (b) represents the plane selecting of analysis on 
ANSYS for a single-rotor wind turbine. 

 
Figure 3(a) 

                                                            

 
Figure 3 (b) 
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Figure 3(a) CATIA model of 6+6 bladed dual rotor wind 
turbine. (b) CATIA model analysis on ANSYS. 

 
Figure 4 (a) 

 
Figure 4 (b) 

Figure 4 (a) represents the meshing of a dual ducted wind 
turbine on ANSYS and Figure 4(b) represents the analysis of 
dual ducted wind turbine on ANSYS. Results and 
analysis-analysis are carried out on ANSYS for the above 
given three segments on given velocities of wind which varies 
from 2 to 16 m/s etc. 
1.1 Analysis was carried out on ANSYS for a single rotor 
wind turbine as per the given designed parameters. The result 
was observed which shows the variation of rpm and tip speed 
ratio (TSR) concerning the given wind velocity. 

 

Graph 1.1 

Explanation of graph 1.1- Graph 1.1 shows the variation of 
TSR for the single rotor, Dual rotor, and ducted dual rotor 
over common wind speed. the graph shows that at lower wind 
speed ducted dual rotor is having low TSR due to low rotor 
rpm but its TSR increases slightly after 5.8 m/s of wind 
velocity as compared to the single rotor and dual 
rotor(without duct). 
1.2 Analysis was carried out on ANSYS with different wind 
velocities; the braking load is calculated after the analysis of 
braking torque.  

 

 

Graph 1.2 

 Explanation of graph 1.2-Graph 1.2 shows the variation of 
braking load for the single rotor, dual rotor and ducted dual 
rotor wind turbine over common wind speed .the graph shows 
that the value of braking load is less for a single rotor wind 
turbine as compared to dual and ducted dual rotor wind 
turbine from beginning to the end of wind velocity. In which 
ducted dual rotor produces more braking load as compared to 
dual and single rotor wind turbine from the beginning 2m/s till 
the end of analysis means 16m/s. The maximum value of 
braking load for a dual ducted wind turbine is 36.9 % more 
than a dual rotor at 16m/s of wind velocity and 92.2% more 
than a single rotor at 16 m/s of wind velocity. 
1.3 Analysis was carried out on ANSYS for the single rotor, 

dual rotor, and ducted dual-rotor, and torque was 
observed with different wind velocities. 

 

Graph 1.3 

Explanation of graph 1.3- Graph 1.3 shows that the torque 
produced by the single rotor is less as compared to dual and 
ducted dual rotor wind turbine moreover ducted dual rotor 
produces more torque as compared to both single and dual 
rotor wind turbine over common wind velocity analysis. The 
maximum value of torque for a dual ducted wind turbine is 
36.9% more than a dual rotor at 16 m/s of wind velocity and 
92.2 % more than a single rotor at 16 m/s of wind velocity. 
1.4 Analysis was carried out on ANSYS for the single rotor, 
dual rotor, and ducted dual-rotor, and power was observed 
with different wind velocities. 
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Graph 1.4 

 Explanation of graph 1.4- Graph 1.4 shows that the initial 
condition of wind velocity analysis single rotor produces 
more power but after 3m/s of wind velocity dual rotor 
produces more power but as the wind velocity increases 
beyond 3m/s ducted dual rotor produces more power as 
compared to both single and dual rotor wind turbine. The 
maximum value of the power produced for a dual ducted wind 
turbine is 40.48 % more than a dual rotor at 16 m/s of wind 
velocity and 139.66% more than a single rotor at 16 m/s of 
wind velocity. At this velocity, the max power produced for a 
ducted dual rotor wind turbine is 17.76 % of wind power 
produced at this velocity. 
1.5 Analysis was carried out on ANSYS for the single rotor, 
dual rotor, and ducted dual-rotor, and power coefficient was 
observed with different wind velocities. 

 

Graph 1.5 

 Explanation of graph 1.5-Graph represents the variation of 
coefficient of power for single, dual, and ducted dual rotor 
wind turbine over common wind velocity. The graph shows 
that at 2m/s initially ducted dual rotor wind turbine is having a 
larger value of coefficient it decreases afterward for an instant 
but it is having a larger value of power coefficient afterward 
thorough the analysis as compared to single rotor and dual 
rotor wind turbine. The maximum value of the power 
coefficient for a dual ducted wind turbine is 14.06 % more 
than a dual rotor and 61.63 % more than a single rotor. 

V.     CONCLUSION 

 An analysis was performed on software ANSYS for which 
results are compared for various wind speeds for the single 
rotor, dual rotor, and dual ducted rotor. It is concluded that the 
torque produced by the single rotor is less as compared to dual 
and ducted dual rotor wind turbine moreover ducted dual 
rotor produces more torque as compared to both single and 

dual rotor wind turbine over common wind velocity analysis. 
The maximum value of torque for a dual ducted wind turbine 
is 36.9% more than a dual rotor at 16 m/s of wind velocity and 
92.2 % more than a single rotor at 16 m/s of wind velocity. 
If we conclude in terms of power production then I will 
conclude that the maximum value of the power produced for a 
dual ducted wind turbine is 40.48% more than a dual rotor at 
16 m/s of wind velocity and 139.66% more than a single rotor 
at 16 m/s of wind velocity. At this velocity, the max power 
produced for a ducted dual rotor wind turbine is 17.76 % of 
wind power produced at this velocity. So I can say finally that 
dual ducted rotor performs well as compared to bare dual and 
single rotor wind turbine in terms of torque and power 
produced. 
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