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Abstract 

This This study investigates the aerodynamic performance of wind turbines aiming to maximize the power 

extracted from the wind. The study is focusing 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 took place 

on the performance of small-scale model of 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 for dual rotor turbines. These include the spacing between the two rotors, the pitch angle of 

the rear rotor and the rotational speed of ratio rear to front rotor. Three-dimensional simulations performed 

and employed using CFD simulations with Multi Reference Frame (MRF) technique. 

The Co Rotating Wind Turbine (CWT) and Counter Rotating Wind Turbine (CRWT) found to have better 

performance compared to that of the SRWT with an increase ranging from 12 to 14% in peak power 

coefficient. Moreover, the effect of changing the pitch angle of the rear rotor on the overall performance 

found to be of a negligible effect between angles 0⁰ until 2⁰ degrees tilting toward the front rotor. On the 

other hand, the ratio of rotational speed of the rear rotor to the front rotor found to cause a further increase 

in the peak performance of the CWT and CRWT ranging from 3 to 5%. 

Keywords: Dual rotor wind turbines-Counter rotating wind turbines-Co rotating wind turbines-

Computational fluid dynamics- Power coefficient.   

Abbreviations 

Computational Fluid Dynamics CFD 

Coefficient of performance Cp 

Counter rotating wind turbine CRWT 

Co rotating wind turbine CWT 

Dual rotor wind turbine DRWT 

Multi reference frame MRF 

Single rotor wind turbine SRWT 

Shear stress theory SST 

Tip speed ratio  TSR 

Introduction 
Wind power is a clean source of renewable energy and its conversion to usable energy is vital in order to 

reduce fossil fuel dependency. Wind energy can provide an eco-friendly solution for energy production. 

Wind energy is estimated to be a source of around 10 million MW of energy that are present on earth and 

ready to be used (Council, 2015). Wind turbines focuses on converting the kinetic energy in the upcoming 
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wind and convert it to mechanical energy and then into electrical power. Recently, there has been a 

numerous attempts to get the best use of the wind energy. 

The researchers are focusing on getting use from the power in the upcoming wind. That influenced the 

researches to be directed towards the new idea of DRWT. The system simply is composed of two rotors 

installed on the same tower. The two rotors composed of upstream and downstream rotors, the downstream 

rotor can harvest the unused energy in the wake of the upwind rotor. The new idea introduced theoretically 

proven to capture more energy than the 59% proven known as Betz limit (Newman , Multiple Actuator - 

Disc Theory for wind turbines, 1986). 

The direction of the downstream rotor relative to the upstream rotor is referring to the dual rotor naming. 

The Two configurations are the CWT in which the two rotors rotates in same direction. The other 

configuration in which the rear rotor is opposing the upstream rotor rotation direction known to be the 

CRWT.   

Literature Review 

The design optimization of the wind turbine has passed through different phases and handled in different 

previous researches. (Hsiao, Bai, & Chong, 2013) done an experimental study on Horizontal Axis Wind 

Turbine (HAWT) of 0.72 m diameter. The Blade having NACA 4418 airfoil profile was studied using BEM 

theory and CFD simulation. The paper has used the MRF technique in its CFD simulation and the K-w 

Shear Stress Transport (SST) turbulence model. The study showed the variation in coefficient of 

performance at different TSR. The three designs proposed are optimal twist and tapered blade (OPT), 

untapered and optimum twist (UOT) and untapered and untwisted (UUT). The study concluded that the best 

performance resulted is in case of the OPT design especially at the range of TSR between 4.5 and 7. In 

addition, the paper showed that there is a high degree of agreement between the results from the 

experimental work and the CFD simulation results. In addition, (Abdelrahman, Abdellatif, Moawed, Eliwa, 

& Misak, 2015) has done a similar study on 0.65 m blade radius. The paper results confirm with (Hsiao, Bai, 

& Chong, 2013) showing that the best coefficient of performance was found for the OPT design. (Krogstad 

& Lund, An experimental and numerical study of the performance of a model turbine, 2012) done a study in 

national renewable energy laboratory (NREL) in Colorado on 0.9 m diameter SRWT of S826 airfoil. Also 

further analysis using BEM theory and computational study using CFD took place. The turbulence model of 

K-w SST was used. MRF technique was used in the CFD simulation agreeing with (Hsiao, Bai, & Chong, 

2013) in the advantage of the periodic planes and thus reducing the computational domain size. The results 

obtained are of high conformity with the experimental results.  

Dual rotor wind turbines (DRWT) is studied starting from 1983, when (Newman, Actuator Disc Theory for 

Vertical Axis Wind Turbines, 1983) has proven using a actuator disc theory in One dimensional theoretical 

study, that the maximum power coefficient can exceed the 59% which is proven theoretically by Betz in 

case if a second rotor of same diameter is introduced downstream of the first one. The paper showed that the 

theoretical power coefficient has increased from 59% to 64% at high TSR, in case of neglecting the drag 

effect and the rotation in the wake.  

Placing two rotors in wind farms and analyzing the separating distance between them was studied in 2011 

by (Krogstad & Adaramola, Experimental investigation of wake effects on wind turbine performance, 2011). 

They investigated experimentally in wind tunnel the effect of the spacing between two turbines on the 

performance of the rear rotor. Stating that changing the distance separating the two rotors from 3D to 9D has 

its reflection on the power loss of 49% at spacing of 3D and goes down to 29% at spacing of 9D due to the 

recovery of power gradually with increasing the separating distance. Also they referred to an expected 

dramatic decrease in the rear rotor performance once the front rotor is operated at its peak TSR as a SRWT 

which agrees with results presented by. (Lee, Son, & Lee, Velocity ingerference in the rear rotor of a counter 

rotating wind turbine, 2013). In 2014, (YUAN, Tian, Ozbay, & Hu, 2014) conducted a study regarding the 

direction of rotation recommended for the rear rotor. It stats that better performance in wind farms was 

found when the rear rotor is rotating in counter direction from the front one. According to the study, the 

CRWT extracts 17% more power than the CWT. Increasing the distance separating the two rotors to 6.5D, 

the rotation direction of the rear rotor becomes with no effect. 
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In 2013, (Lee, Son, & Lee, Velocity ingerference in the rear rotor of a counter rotating wind turbine, 2013)  

has done a numerical study on CRWT of 4.5 m diameter using free wake vortex lattice method. The study 

referred to the decay in the upwind velocity of the upcoming stream when passing over the front rotor, 

resulting in the wind stream energy arriving at the second rotor is much less than that at the front rotor. In 

the study, the axial separating distance between the two rotors is half the rotor radius. The study revealed 

that the power coefficient increase in case of the CRWT could reach up to 12%. According to the study, the 

distance separating the two rotors has no significant effect on the performance. On the other hand, in study 

held by (Shen, Zakkam, Sorensen, & Appa, 2007), they referred to a possible decrease in the Cp at close 

orientation between front and rear rotors due to thrust coefficient fluctuations.  

(Lee, Kim, Son, & Lee, 2012)  also investigated the effect of the pitch angle and the rotating speeds on the 

performance of CRWT. The paper recommended the reduction of the rear rotor rotating speed to 0.7 of the 

front rotor speed so that to recover the relative wind. In addition, the results showed that having a pitch 

difference between the front and rear rotor of 3⁰  reflects in a higher DRWT performance. According to the 

investigation results, controlling the pitch angle side by side with optimizing the rotational speed has further 

effect in the increase of the performance of the CRWT to 4%. 

In 2007, (Shen, Zakkam, Sorensen, & Appa, 2007) done an investigation targeting the CRWTs using 

actuator line technique. The paper recommended the CRWT over the CWT. The distance separating the two 

rotors was stated to be insignificant except at very close distance where the thrust coefficient will be 

noticeably fluctuating and accordingly the power will decrease. In addition, the paper indicated that the 

power coefficient of the front rotor is higher than that of rear one, after lowering the rotational speed around 

TSR of 3, the power coefficient of the two rotors reaches to nearly being the same value.  Finally, it was 

stated that the DRWT has an expected annual increase in power extraction of 43.5% based on wind speed 

ranging from 5 to 25 m/s distributed using Weibull distribution. 

In 2010, (Lee , Kim, & Lee, Analysis of aerodynamic characteristics on a counter-rotating wind turbine, 

2010) compared the performance of two bladed and four bladed single turbine to two bladed CRWT. The 

numerical study was done using free wake vortex lattice method on 10 m diameter rotors operating at 72 

rpm. The effect of rotors solidity was taken into consideration, resulting in 5% decrease in CRWT Cp when 

it is compared to four bladed single rotors that is of equal solidity due to the interaction between front and 

rear rotors. While in case the comparison is held with a two bladed turbine of half solidity, the performance 

was found to increase about 30%.  

(Herzog, Schaffarczyk, Wacinski, & Zurcher, 2010), studied the performance of 0.8 diameter CRWT using 

experimental analysis in wind tunnel and CFD simulations. The study showed a power extracted from front 

rotor is 74% while for the rear rotor of only 26%. The study resulted in a 9% increase in Cp compared to 

SRWT. Further numerical analysis was conducted by (Hoang & Yang, 2014) on constant wind speed of 10 

m/s and variable TSR. The configuration studied having diameter of 7.16 m for front and rear rotors and 

spacing of 1 D. The peak of SRWT indicated was 37% at TSR of 6, while that of CRWT was 39% at TSR of 

5. In addition, the paper recommended the operation of the DRWT at low TSR where it showed a noticeable 

advantage in the performance compared to SRWT. 

In 2015, (Ozbay, Tian, & Hu, 2015) has done the study experimentally in wind tunnel to investigate the 

characteristics of DRWTs. The rotational speed of the rotor turbines was adjusted using DC electricity 

generator to apply various electric loads to adapt the rpm that is equivalent to changing of TSR from 0 to 

6.5. The power output of the SRWT, CWT and CRWTs were recorded and comparisons were conducted 

among them. The SRWT model has 140 mm radius and tower height of 225 mm. Spacing between the two 

rotors are 0.25 rotor diameter and the wind speed 5 m/s. The experiment resulted in an increase of 48% in 

case of CWT and 60% in case of CRWT compared to SRWT. 

From the literature review, it was observed the capability of the MRF technique in the CFD simulations to 

provide accurate results with less computational domain size. In addition, the previous work done whether it 

is using experimental or numerical methods, has showed the effect of varying each of the design parameters 

on the dual rotor wind turbines performance. Throughout the current study, MRF technique will be 

employed in optimizing the DRWT configuration and performance. The optimization will be conducted in 
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respect to the change of three vital parameters, which are the axial spacing between the front and rear rotor, 

the pitch angle of the rear rotor and rotation speed ratio between the two rotors. 

Current study performed using CFD software, which has governing equations linked to fluid dynamics (Tu, 

Yeoh, & Liu, 2008). The equations of the fluid dynamics are the backbone for the CFD software. The 

current case study is having 3D Steady turbulent flow. For such flow, the main equations used in solving are 

the continuity equation, momentum equations in three Cartesian coordinates and the turbulent flow model 

equations (Sayma, 2009). 

Model Validation 
Referring to the experimental work done by (Krogstad & Lund, An experimental and numerical study of the 

performance of a model turbine, 2012) on 0.9 m SRWT. The Wind turbine was experimentally investigated 

in National Renewable energy laboratory in Colorado. The Blade is having S826 airfoil. The model 

performance was investigated at upwind velocity of 10 m/s and then further study was held with a numerical 

methodology using BEM theory and CFD. The study included the change of TSR with same upcoming wind 

speed shown in fig. (1). CFD model was done using MRF technique, K-w SST turbulence model, also 

stating that this model is best to detect the drag and lift coefficient Cd and Cl of wind turbines and that was 

also recommended in previous studies as that held by (Hansen, Sorensen, Voutsinas, Sorensen, & Madsen, 

2006) and by (Hsiao, Bai, & Chong, 2013). Taking into consideration that the Y+ value to be lower than 5. 

The Domain of the study was 4.5 D (rotor diameter) upstream, 7.8 D downstream and domain radius of 6.7 

D. The mesh used was of 3.5x10
6
 cells. Momentum equations are of first order upwind scheme and first 

order pressure interpolation.   

 

Figure 1: Cp  vs TSR (Krogstad & Lund, An experimental and numerical study of the performance of 

a model turbine, 2012) 

In the present study, the model will be validated with the previous work by (Krogstad & Lund, An 

experimental and numerical study of the performance of a model turbine, 2012). The study takes place 

computationally using CFD, MRF technique with K-w SST turbulence model as suggested earlier (Hsiao, 

Bai, & Chong, 2013), (Krogstad & Lund, An experimental and numerical study of the performance of a 

model turbine, 2012). Momentum equations of second order upwind scheme used. In order to validate the 

work, certain phases was done. Starting with the domain independent test, mesh independent test and ending 

up with the variation of the coefficient of performance versus with TSR. 

Domain Independent Test 

The MRF technique includes two domains, the stationary domain, which is the main domain, and the 

rotating one, which has the same rotational speed of the blade. Domain independent test is carried out on 

both domains. 

Main Domain independent test 
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The coefficient of performance of the blade investigated with the change of the main domain size. Table (2) 

list down the different domains taken into consideration ending up with the domain size #6 at which the Cp 

start to be not affected by the main domain size increase as shown in fig. (2). 

Table 1: Main Domain sizes studied in the Main Domain independent Test 

# Up stream (R) Down Stream (R) Domain Redius (R) 

1 1 8 5 

2 2 8 6 

3 3 9 6 

4 3 9.5 5 

5 3.5 9.5 5 

6 3.5 9.5 6 

7 4 10 6 

8 5 11 7 

9 6 12 7 

 

 

Figure 2: Change of Cp vs Main domain Configurations 

Rotating domain independent test 

A domain independent test for the rotating domain is carried out. The rotating domain size increase has no 

effect on the rotor performance beginning from rotating domain of 0.44 R as an extrusion and 1.33 R as a 

rotating domain radius 

Mesh Independent Test 

Mesh density has a major effect on the CFD simulation results. The Mesh variation effect on the blade is 

tested to ensure the independency of the simulation results. Y plus value is ensured to be below the value of 

5 as recommended (Krogstad & Lund, An experimental and numerical study of the performance of a model 

turbine, 2012). Ending up with mesh density with elements number of 3,007,342 and nodes number of 

634,286 as shown in fig. (3). Fig.(4) shows a preview for the mesh focus on the rotating domain indicating 

the presence of the sphere of influence surrounding the blade. 
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Figure 3: Change of Cp vs Mesh densit 

 

Figure 4: Mesh for the rotating domain with sphere of influence surrouding the blade 

Validation Results 

Finally, validating the CFD simulation results with previous work done (Krogstad & Lund, An experimental 

and numerical study of the performance of a model turbine, 2012). Fig. (5) illustrates the variation of Cp 

with the TSR done in the present study and comparing it with the recorded work previously done 

experimentally and using CFD simulation. From the results presented, it is clear that the CFD simulation has 

the same trend same as the experimental and CFD work previously done, showing a small value of deviation 

that may be referred to the change in Y plus value within the range limit. The deviation is smallest at the 

peak Cp at TSR of 6, which confirms with the experimental and CFD work. 

The previous work (Krogstad & Lund, An experimental and numerical study of the performance of a model 

turbine, 2012) on S826 air foil stated that a stall effect will occur at TSR of 3 and 4, which is also indicated 

by the results presented in fig.(6) and (7). 
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Figure 5: Comparison of Cp Vs TSR between previous work done experimentally and with CFD Vs 

present Study 

 

  

 

 

 

 

 

 

 

 

             Figure 6: Streamlines representation f                                Figure 6: Streamlines representation  

                     or SRWT at TSR 3                                                                         for SRWT at TSR 4                                                  

Results and Discussions 
CWT and CRWTs has the same idea in introducing a second rotor to the main rotor, rotating in the same 

direction or in opposing directions, this is previously studied in literature reviews indicating an expected 

increase in the overall rotor performance. The DRWT is far from having double the Cp of SRWT due to the 

effect of the interaction between the front and rear rotor.  Second rotor has its effect in lowering down the 

performance of the front rotor due to the axial velocity decay after the front rotor (Jung, No, & Ryu, 2005). 

In addition to that, turbulence occurrence cause a dramatic decrease in the performance of the rear rotor. The 

effect of axial distance separating the two rotors, the pitch angle of the rear rotor effect and the variation of 

rotational speed ratio between the two rotors are studied for both CWTs and CRWTs. 

The DRWTs performance with different tip speed ratios are presented in fig. (8) and (9) at separating 

distance of 0.5 R as recommended by early conducted study (Ozbay, Tian, & Hu, 2015), pitch angle of 0⁰  

for front and rear rotors and of rotational speed ratio of 1:1. While the diameter ratio is also kept to a ratio 

1:1. Fig. (8) illustrates the performance of the CWT showing separately the performance of the front, rear 

and DRWT. Moreover, it compares these performances with the SRWT revealing certain conclusions to be 

taken into consideration. At low TSR, the front and rear performance are nearly equal and that agrees with 

previous study (Ozbay, Tian, & Hu, 2015). At high TSR, the effect of the front rotor become dominant and 

the rear rotor effect is minimized until a TSR of 8 where the Cp of rear rotor is nearly ineffective.  The peak 

performance of the CWT is at TSR of 5 with an increase of 12.8 % from the peak of SRWT occurs at TSR 

of 6. The most significant remark regarding the performance of CWT is that it has a superior advantage over 

the SRWT at all TSR. 

On the other hand, using the same configuration setup done in the CWT study, CRWT study was conducted. 

Fig. (9) shows the performance of the CRWT side by side with the SRWT. It shows also the effect of 
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installing two counter rotating turbines on the front and rear rotors separately. The study reveals the 

following conclusions most significantly the increase of the peak performance of value 14% over the 

SRWT. The peak performance of the CRWT occurs at TSR of 4. In addition, same behavior of the CWT 

occurs for CRWT at low TSR, as the performance of the front and rear rotors became nearly the same and 

that of CRWT is nearly double Cp of that of the SRWT. The performance of the CRWT shows a high 

agreement to that stated in earlier study (Lee, Son, & Lee, Velocity ingerference in the rear rotor of a 

counter rotating wind turbine, 2013). The overall conclusion is that the peak of the CRWT is higher 

compared to that of CWT. Moreover, the performance of CRWT at high TSR becomes lower to that of 

SRWT. 

 
Figure 7: Comparisons for performances of the CWT, front, rear versus SRWT performance 

 
Figure 8:Comparisons for performances of the CRWT, front, rear versus SRWT performance 

Spacing between Rotors 

The axial spacing between the two rotors is a common factor to be studied to optimize the configuration and 

ensure better power coefficient output. As shown in fig. (10) and (11), the effect of changing the axial 

distance on the Co and counter rotating wind turbine at their peak TSR. Fig. (10) shows that the effect of the 

CWT at TSR of 5 which happens to be ineffective on the performance. That also agrees with previous study 

(Lee, Son, & Lee, Velocity ingerference in the rear rotor of a counter rotating wind turbine, 2013). The 

performance of the front rotor increases with increasing the axial distance and vice versa, the performance of 

the rear rotor decreases, causing an overall no effect on the performance. That is due to decreasing the 
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interaction between the two rotors resulting in higher performance for the front and lower performance for 

the rear rotor. 

As for fig. (11) illustrating the spacing effect on the CRWT, showing same behavior to that of CWT except 

at very close spacing where there is fluctuation occurrence in the thrust coefficient referred to in previous 

study (Shen, Zakkam, Sorensen, & Appa, 2007), which cause a decrease in the coefficient of performance at 

close spacing of 0.25 R. Fig. (12) and (13) shows the streamlines representation in case of having a close 

interaction between the CRWT rotors. 

 
Figure 9: Coefficient of Performance change with axial distance at TSR 5 for front, rear and CWT versus 

SRWT at TSR 6 

 

Figure 10:Coefficient of Performance change with axial distance at TSR 4 for front, rear and CRWT 

versus SRWT at TSR 6 
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Figure 11:Streamlines representation for front 

rotor of  CRWT at 0.25 R spacing 

                  

Figure 12: Streamlines representation for Rear 

rotor of  CRWT at 0.25 R spacing 

                                                                                                   
Pitch Angle of Rear Rotor 

The effect of the pitch angle has been investigated in different studies as in (Lee, Kim, Son, & Lee, 2012), 

(Krogstad & Adaramola, Experimental investigation of wake effects on wind turbine performance, 2011), 

(Hansen, Sorensen, Voutsinas, Sorensen, & Madsen, 2006) and (Priyono & Saepudin, 2011) showing its 

effect on the DRWT performance. During this study, the pitch angle of the font rotor is fixed at 0⁰  and axial 

spacing of 0.5 R, while the effect of changing the pitch angle of the rear rotor is studied. The effect on the 

performance was presented in fig. (14) for the CWT and fig. (15) for the CRWT. In fig. (14), the change of 

the rear rotor pitch angle gives peak Cp at 0⁰ . While at negative values, the overall Cp decreases. On the 

other hand, the pitch angle of positive values of 1⁰  and 2⁰  shows nearly no change compared to that at 0⁰ . 

After wards, the performance is affected dramatically with further increase in the pitch angle. 

On the Other hand, fig. (15)  shows the effect of the rear rotor pitch angle variation on CRWTs performance. 

The effect of the pitch angle in CRWT happens to be same to that of the CWT. As the performance found to 

be also in effective when the blade is tilted up to 2⁰  towards the front rotor.  

 
Figure 13: Performance of CWT with changing the rear rotor pitch angle at TSR 5 

 

Figure 14: Performance of CRWT with changing the rear rotor pitch angle at TSR 4 

In conclusion, both the Co and Counter rotating wind turbine are unaffected to the increase the interaction 

between front and rear rotors to a certain limit of 2°. Fig. (16),(17) and (18),(19) shows the streamline 
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representation for CWT and CRWT in case of having rear rotor in both cases having pitch angle of 6⁰  at 

which the DRWT experienced a noticeable decrease in performance. 

  

 

Figure 15:Streamlines for front rotor of CWT 

when rear rotor having pitch angle of 6 

  

 Figure 16: Streamlines for rear rotor of CWT 

when rear rotor having pitch angle of 6 

 

  

 

Figure 17: Streamlines for front rotor of CRWT 

when rear rotor having pitch angle of 6 

 

Figure 18:Streamlines for Rear rotor of CRWT 

when rear rotor having pitch angle of 6 

Rotational Speed Ratio Rear to Front Rotor 

The rotational speed ratio effect investigated in previously (Lee, Kim, Son, & Lee, 2012), in which 

recommended to have the rotational speed of the rear rotor to be less than of the front rotor. In case of the 

rotational speed ratio of 1:1, the relative wind angle on the rear rotor is minimized. So that, decreasing the 

rotational speed of the rear rotor will recover the relative wind angle on the rear rotor. In other words, it will 

increase its performance. The study of the rotational speed ratio effect was conducted at axial spacing of 0.5 

R and pitch angle of 0⁰  for front and rear rotors. The effect of the rotational speed ratio was investigated at 

TSR of 4, 5 and 6 for both Co-rotating and CRWTs. 

Fig. (20) And (21) discuss the effect of the rotational speed ratio change on the performance of the Co and 

CRWTs. As shown in fig. (20), the rotational speed ratio effect at TSR 4 shows a better performance at 

ratios of 0.9 and 1. As for TSR of 5, the speed ratio tends to have its peak value at speed ratio of 0.8. Finally, 

for TSR of 6, the peak Cp was found to be at speed ratio of 0.5. In summary, it is noticed that the 

performance at TSR 4 tends to be improved at high rotation speed ratios near to 1. While at TSR 6, the 

performance tends to increase to its peak at low speed ratios. As for TSR 5, it peak occurs at rotation speed 

ratio rear to front rotor between that of TSR 4 and 6. In addition, the peak of the performance for the CWT 

found to be when the blade is operating at TSR of 5 with rotational speed ratio rear to front rotor is 0.8. 

In fig. (21), the behavior in Counter rotating configuration tends to be the same as that found for the Co-

rotating. For TSR of 4, the performance tends to be the better at high speed ratios. For TSR of 6, the 

performance peak is at low speed ratios. While for TSR of 5, the performance peak is at rotation speed ratio 
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of 0.8. It is noticeable to remark on the effect of changing the rotational speed has shifted the peak 

performance of CRWT from being at TSR of 4 to be peaked at TSR of 5 on operating at rotational speed 

ratio of 0.8 rear to front rotor. Also, noticed that the peak of each TSR for Counter and CWT occurs at the 

same rotation speed. In conclusion, the performance for CWTs improved by 2.7% compared to case of 

having speed ratio of 1:1. In case of CRWT, the improvement has reached to 5.5%. In summary, the 

rotational speed effect on both Co and CRWTs need to taken into consideration in the design, taking into 

account that the parameter change shows a higher effect in case of the CRWTs.  

 

 

Figure 19: Cp vs rotation speed ratio rear to front rotor at TSR 4, 5 and 6 for CWT 

 

Figure 20:Cp vs rotation speed ratio rear to front rotor at TSR 4, 5 and 6 for CRWT 

Conclusion 
It is worth saying that the Co and Counter rotating configurations have both their strong and weak points.  It 

is always based on the application and the available parameters to control in the design stage. Throughout 

the study, the effect of axial spacing, pitch angle of the rear rotor and the rotation speed ratio rear to front 

rotor studied on both the Co and Counter rotating wind turbine configurations.  

For the CWT, the following is concluded 

¶ Effect of axial distance separating the turbines on the performance is negligible. 

¶ The Performance is always exceeding the SRWT performance at different TSR. 

¶ The Performance increase is remarkable compared to SRWT at low TSR. 

¶ Best orientation for the rear rotor to be at pitch angles 0⁰ , 1⁰  and 2⁰ . In case that the front rotor pitch 

angle is fixed to 0⁰ . 
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¶ Rotation speed ratio of rear to front rotor gives best reflection on the performance at ratio of 0.8 when 

TSR is 5, with an increase of 2.7% compared to CWT at rotation speed ratio of 1:1 and an increase of 

15.8% when compared to the SRWT peak performance. 

As for the CRWT, the following is also concluded 

¶ Effect of the axial distance was found to be negligible except at very close orientation where the 

performance is slightly affected by a decrease 

¶ The Performance is exceeding the SRWT performance till TSR of 6, afterwards the SRWT Cp take the 

lead. 

¶ The performance is also noticed to be promising at low TSR. 

¶ Best orientation for the rear rotor when its pitch angle is 0⁰ , -1⁰  and -2⁰ . In case that the front rotor 

pitch angle is fixed to 0⁰ . 

¶ Rotation speed ratio of rear to front rotor gives peak performance for the CRWT at TSR 5 when 

operating at rotation speed ratio of 0.8. That will cause a further increase to the peak performance of 

the CRWT by 5.5% and of 20% compared to SRWT peak performance. 
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