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ABSTRACT 
 

This study investigates the aerodynamic performance of a special modification on the 

horizontal axis wind turbines aiming to maximize the power extracted from the wind. The 

study focuses on the effect of introducing a second rotor to the main rotor of the wind 

turbine in what is called a dual-rotor wind-turbine (DRWT).  The numerical study was 

investigated on the performance of small-scale model of a wind turbine of 0.9 m diameter 

using S826 airfoil. 

Both the Co-rotating and Counter-rotating configurations were investigated at different tip 

speed-ratios (TSR) and compared with the performance of the single rotor wind turbine 

(SRWT). Many parameters were studied in the dual-rotor turbines. These include the 

spacing between the two rotors, the pitch angle of the rear rotor, changing the rotation 

speed ratio between the rear and front rotor and the effect of the diameter ratio (𝐷𝑟𝑎𝑡𝑖𝑜) 

between the front and rear rotor. Three-dimensional simulations were performed using 

Multi-Reference Frame (MRF) technique.  

The Co-Rotating Wind Turbine (CWT) and Counter-Rotating Wind Turbine (CRWT) were 

found to have better performance compared to that of the SRWT with an increase of 12 to 

14% in peak power coefficients. Moreover, the effect of changing the pitch angle of the 

rear rotor on the overall performance was found to be of a negligible effect between angles 

0⁰ and 2⁰ tilting toward the front rotor. On the other hand, the ratio of rotational speed of 

the rear rotor to the front rotor was found to cause a further increase to the peak 

performance of the CWT and CRWT of about 3 to 5%. The study ends up with 

investigating the effect of changing the diameter ratio between the two rotors, separating 

distance, and the rotation speed ratio as well as study the effect on the overall performance 

compared to the SRWT.  
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NOMENCLATURE 

 
 

Roman Symbols 

 

A Wind Turbine Rotor Swept Area [m2] 

Cd Drag Coefficient [-] 

CL Lift Coefficient [-] 

Cp Power Coefficient Cp 

CT Moment Coefficient [-] 

𝐷 Single Rotor wind turbine Diameter [m] 

𝐷𝐹  Front Rotor Diameter [m] 

Dr Rear Rotor Diameter [m] 

  𝐷𝑟𝑎𝑡𝑖𝑜  Diameter Ratio between rear and front rotor [-] 

Fx Axial Force [N] 

K Turbulent Kinetic Energy [J] 

N Rotational Speed for  Single rotor wind turbine [rpm] 

Nf Front Rotor Rotational Speed [rpm] 

Nr Rear Rotor Rotational Speed [rpm] 

Nratio Rotational Speed Ratio rear to front rotor [-] 

P Power extracted from wind stream      [Watt] 

R Wind Turbine Rotor Radius      [m] 

 𝑅𝑓 Front Rotor Radius      [m] 

       𝑅𝑟  Rear Rotor Radius      [m] 
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T Torque     [N . m] 

u Velocity in X-direction [m/s] 

 𝑢̅ Mean velocity in X-direction [m/s] 

𝑢′ Fluctuating velocity in X-direction [m/s] 

   𝑉𝑒 Velocity at exit of wind turbine [m/s] 

   𝑉𝑖 Velocity at inlet of wind turbine [m/s] 

   𝑉𝑟 Wind velocity at reference height [m/s] 

   𝑉𝑤𝑖𝑛𝑑  Velocity of the Upcoming wind stream [m/s] 

 

 

 

Greek Symbols 

 

 

 𝜌𝑎𝑖𝑟 Air density [kg/m3] 

μ Dynamic viscosity [Pa.s] 

𝑈 ∗ Friction Velocity [m/s] 

𝛼 Hellmann exponent [-] 

ν Kinematic viscosity [m2/s] 

Ѳ Pitch angle rear to front rotor [Degree] 

λ Tip speed ratio [-] 

ω Turbine angular speed [rad/s] 

  𝑌+ Y Plus [-] 
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Abbreviations 

 

 
BEM Blade Element Momentum Theory 

CFD Computational Fluid Dynamics 

CRWT Counter-Rotating Wind Turbine 

CWT Co-Rotating Wind Turbine 

DRWT Dual-Rotor Wind Turbine 

HAWT Horizontal-Axis Wind Turbine 

MRF Multi-Reference Frame 

OPT Optimal Twist and Tapered 

SRWT Single-Rotor Wind Turbine 

SST Shear Stress Transport Turbulence Theory 

TSR Tip Speed-Ratio 

TUT Tapered and Un-Twisted 

UOT Untapered and Optimum Twist 

UUT Untapered and Untwisted 

VAWT Vertical-Axis Wind Turbine 

 



 
 

Contents 
1 Chapter (1) Introduction and Background .............................................................................. 1 

1.1 Introduction ..................................................................................................................... 1 

1.2 Background ...................................................................................................................... 4 

1.2.1 History of Wind Power ............................................................................................ 4 

1.2.2 Principals of Wind Power ........................................................................................ 4 

1.3 Thesis Structure ............................................................................................................... 7 

2 Chapter (2) Literature Review ................................................................................................. 9 

2.1 Brief overview of previous work ..................................................................................... 9 

2.2 Objective of the present study ...................................................................................... 26 

3 Chapter (3) Computational Methods .................................................................................... 28 

3.1 Introduction ................................................................................................................... 28 

3.2 Governing equations ..................................................................................................... 28 

3.2.1 Continuity and Momentum equations .................................................................. 29 

3.2.2 𝑺𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒌 − 𝜺 Model ....................................................................................... 31 

3.2.3 𝑲 − 𝝎 𝑆𝑆𝑇 Model ................................................................................................. 32 

3.2.4 Comparison between 𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝒌 − 𝜺  model and 𝒌 − 𝝎 𝑺𝑺𝑻 model ............. 32 

4 Chapter (4) Model Validation ................................................................................................ 34 

4.1 Solution Specification ................................................................................................... 34 

4.2 Building the Model ........................................................................................................ 35 

4.3 Domain-Independent Test ............................................................................................ 39 

4.3.1 Main Domain-independent test ............................................................................. 40 

4.3.2 Rotating domain-independent test ......................................................................... 41 

4.4 Mesh-Independent Test ................................................................................................. 43 

4.5 Turbulence Model-Performance Test .......................................................................... 45 

4.6 Summary of the Model Validation ................................................................................ 47 

5 Chapter (5) Results and Discussion ....................................................................................... 54 

5.1 Introduction ................................................................................................................... 54 

5.2 DRWT at Diameter Ratio equals one ............................................................................ 56 

5.2.1 Domain-indecency test .......................................................................................... 56 



 
 

5.2.2 Mesh-independency test ....................................................................................... 57 

5.2.3 Summary of the DRWT model ............................................................................... 57 

5.3 Spacing between the Rotors .......................................................................................... 65 

5.4 Pitch Angle of the Rear Rotor ....................................................................................... 69 

5.5 Rotational Speed Ratio between the Front and Rear Rotor ......................................... 78 

5.6 Diameter Ratio between the Front and Rear Rotors .................................................... 83 

5.6.1 Model Validation ................................................................................................... 84 

5.6.2 Co-rotating wind turbine with different diameter ratios ...................................... 86 

5.6.3 Counter-rotating wind turbine with different diameter ratios ............................. 93 

5.6.4 Summary for DRWT performance at different diameter ratios ............................ 98 

6 Chapter (6) Conclusion and recommendations for future work ......................................... 100 

6.1 Introduction ................................................................................................................. 100 

6.2 Conclusions .................................................................................................................. 100 

6.3 Recommendation for Future Work ............................................................................. 102 

7 Bibliography ......................................................................................................................... 103 

 

 

 

 

 

 

 

 

 

 

 

 

 


