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ABSTRACT  

Wind turbine that used airfoil-shaped blades cannot harvest wind energy at low speed wind condition efficiently. 

A wind turbine that used Magnus effect is proposed to overcome the wind speed problem. Magnus wind turbine (MWT) 

performance can be further enhanced by using sanded surface on the rotating cylinder blades but the surface roughness 

effect on MWT are not yet fully explored. Experimental approach by wind tunnel is conducted in order to understand the 

effect of surface roughness. Blades rotation speed and wind speed are the controlled variables. Meanwhile, torque, torque 

coefficient and tip speed ratio are the measured variables. The experiment shows that sanded surface roughness can 

significantly increase the MWT performance up to four times based on torque production in comparison with the smooth 

surface. In conclusion, the results proved that surface roughness can be used to improve MWT.  
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INTRODUCTION 

Wind energy is one of the green energy resources 

that is naturally available. Commonly, wind turbines are 

used to extract the energy from the wind and then convert 

it to electricity [1], [2]. One of the methods of extracting 

wind energy is by using Magnus Wind Turbine (MWT) 

that utilizes Magnus effect from rotating cylinder as blades 

instead of airfoil-shaped blades [3–5]. Conventional Wind 

Turbine (CWT) uses smooth blades surface for the 

optimization of high lift at high wind speed, but when 

roughness is introduced to the surface of the blade, the lift 

performance drop considerably [6], [7]. Even more, CWT 

produces high noise level as it rotor rotates. Therefore, the 

usage of MWT instead of CWT is taken into consideration 

as MWT can be operated at low wind speed condition and 

produced high torque by using surface roughness on the 

rotating cylinder [8]. 

The advantages of surface roughness effect on rotating 

cylinder have been stated by many researchers [3], [9].  

Seifert [3] has clearly pointed out that surface roughness 

can further increase the performance of rotating cylinder 

based on his review papers on Magnus effect. Moreover, 

Thom & Sengupta [8] proved that single rotating sanded 

cylinder produced more lift and double torque compared 

to the rotating smooth cylinder at higher velocity ratio for 

Reynolds number range from 3.3x104 to 9.3x104 and for 

velocity ratio up to four. It was shown that the result for 

lift coefficient of sanded surface roughness is higher under 

velocity ratio of two.  

Additionally, several research [10–12] had 

published observations regarding significant increase in 

the overall aerodynamic performances by applying surface 

roughness at certain location on the airfoil-shaped blades 

surface. Likewise, with the addition of surface roughness 

on the rotating cylinder, its overall aerodynamic 

performances increased significantly [8], [13], [14] and 

produced high torque at low wind speed condition [3], [8]. 

However, there is no existing experimental study on the 

surface roughness effect on MWT [15], [9]. This is the 

primary motivation for the study presented in this paper. 

This research is conducted by using sand papers for the 

creation of rough surface on five rotating cylinder blades 

of horizontal axis MWT with range of wind speed and 

cylinder rotational speed. Thus, this paper aims to fill the 

gap of knowledge on the effect of surface roughness on 

MWT via model experimental research. Furthermore, a 

generator that produce high power often requires high 

wind speed or high torque to operate efficiently, thus the 

study will focus on torque generated from the MWT. 

 

EXPERIMENTAL SETUP 

The experiment was conducted at University 

Putra Malaysia (UPM) inside closed-loop wind tunnel 

with test section of one meters width, one meters height, 

and two and eight-tenths meters length. The wind tunnel’s 

wind speed capacity is up to 50 m/s. The model is 

positioned on the centre of test section. Figure-1 shows the 

model inside the wind tunnel with sanded surface 

roughness attachment on the rotating cylinder blades. 
 

 
 

Figure-1. MWT model inside the wind tunnel. 
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As can be seen in Figure-1, the MWT model body and 

hub are made from acrylic glass, the cylinder blades from 

commercial ABS pipes and the tower from stainless steel. 

Step-up gear used in the motor to rotating cylinder blades 

and in the rotor to generator. Table-1 shows the general 

specifications of the model. 

 

Table-1. MWT model specifications. 
 

 
 

The type of generator used for the model is 12 

Volt permanent magnet alternator [16]. Figure-2 shows the 

MWT parameters used in equation to determine the 

performance between two surface roughness on the 

rotating cylinder blades. 
 

 
 

Figure-2. MWT front side drawing and parameters. 

 

From Figure-2, Tip Speed Ratio, TSR (λ1) is the 

speed ratio on the tip of cylinder blades from product of 

rotor rotational speed (Ω1) and rotor radius (R1) over the 

wind speed (U), Equation. (1) is according to [17]–[19]. 
 

        (1) 

 

Velocity ratio (α), which is the linear speed of 

cylinder rotating blades, is a product of blade rotation 

speed (Ω2) and cylinder blade radius (R2) over the wind 

velocity as shown in Equation. (2) [13]. 
 

        (2) 

 

The wind energy extracted from the MWT, 

observed from the multimeter, can be calculated by basic 

electricity power (P) as in Equation. (3) where the value of 

current (I) is based on manufacturer technical data for the 

generator [16] by using voltage (V) reading from the 

multimeter. 
 

        (3) 

 

Power coefficient (C_P) can be represented by 

Equation. (4) [1], [17], [18], where the density of the fluid 

(ρ), and area of rotor (A) is defined in Equation. (5). 
 

        (4) 
 

        (5) 

 

The torque coefficient (𝐶𝑇) is expressed as in Equation. 

(6). 
 

       (6) 

 

Furthermore, torque can be calculated from 

power generated over rotor rotational speed as shown in 

Equation. (7) [4]. 
 

        (7) 

 

Reynolds number (Re) is defined as the ratio of 

inertia forces over vicious forces as represented in 

Equation. (8) [5], where kinematic viscosity (𝑣) is the 

fluid ratio of dynamic viscosity (µ) over density (𝜌). 
 

        (8) 

 

The model used front-gear system arrangement 

where the rotor rotates in the same direction of the motor 

that drive the rotating cylinder blades. The surface of 

cylinder blades are changeable between smooth and rough. 

The smooth surface used clear plastic and the rough 

surface used commercial sanded paper category microgrits 

with FEPA standard grit designation is P800 that had 

average particle diameter of 21.8 µm [20]. Sanded paper 
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number P800 is chosen for this experiment due to its 

availability, accessibility and affordability. Both surface 

roughness are measured from the peak-to-valley height of 

the surface using surface profile gauge with accuracy of 

±5% or ±5 µm, whichever is the greater. The ratio of 

sanded paper over smooth plastic surface roughness is 7.8. 

The voltage output is observed from multimeter with 

accuracy of  ±0.5% of reading ± 1 digit and the rotational 

speed is observed with tachometer with accuracy of  

±0.1% of reading + 1 digit.  

A procedure of five steps is used in the 

experiment and the observation is repeated for three times. 

First, the blades are installed with selected surface 

roughness. Then, the model is subjected to wind speed up 

to 42 m/s for alignment test. The alignment test is only to 

observe the rotor in static condition when cylinder blades 

is not rotating. After that, the blades rotational speed is set. 

The experiment is run with wind speed increment of five 

up to 40 m/s. Finally, the voltage output and the rotor 

rotational speed at every wind speed increment are 

recorded.  

The wind speed for experiment data is only 

collected up to 40 m/s and blades rotation speed up to 

1030 RPM due to model structure constraints. 

 

ERROR ANALYSIS 

Table-2 shows the estimate errors in 

measurement between three samples using population 

standard deviation. 

 

Table-2. Error analysis. 
 

 

From the Table-2, all experimental value percentage 

errors are less than 10%, thus it is taken to be acceptable.  

 

RESULTS AND DISCUSSIONS 

The data collected from the experiments are 

plotted for trends and comparison analysis. There is no 

blockage correction as the TSR is below 1.5 [21]. Figure-3 

shows torque versus wind speed for 54.4 x 103 ≤ Re ≤ 

108.3 x 103 and three sets of blades rotation speed.  

With respect to Figure-3, three sets of blades 

rotation speed are used for comparison between smooth 

surface and rough surface using sand paper number P800. 

The torque versus wind speed plot explains the 

improvement of MWT performance in rotating high power 

generator at certain wind speed since a high power 

generator requires high torque and high wind speed. The 

figure shows that there has been a steady rise in the value 

of torque in the smooth and rough surface roughness as the 

wind speed is increased. This can be related to the 

previous experiment in [22] that produced similar growth 

in torque for 25 x 103 < Re ≤ 62.9 x 103. At a rotation 

speed of 430 RPM, the torque produced by rough surface 

is four times larger by comparison to that with a smooth 

surface. From Figure-3, the smooth surface blades starts to 

produce torque at wind speed of 35 m/s, which takes 

longer time than the rough surface roughness that started 

producing torque at 30 m/s. 
 

 
 

Figure-3. Comparison of torque provided by surfaces 

roughness. 

 

In addition, at blades rotation speed of 730 RPM 

and 1030 RPM shows that the torque for blades with the 

rough surface increases nearly two times in comparison to 

that produced by blades with the smooth surface. Thus, 
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based on torque production, it is evident that rough surface 

has produced better result than smooth surface roughness.  

Note that rough surface rotor produced low cut-in speed 

compared to smooth surface in every blade rotation 

speeds. Cut-in speed is the minimum wind speed required 

to rotate the rotor. In short, the findings of this study 

suggest that cylinder blades with rough surface roughness 

has significantly increased torque and further reduced the 

cut-in speed in contrast to smooth surface.     

Figure-4 shows the torque coefficient versus tip 

speed ratio for 54.4 x 103 ≤ Re ≤ 108.3 x 103 for three sets 

of blades rotational speed of 430, 730, and 1030 RPM. It 

shows that there has been an exponential growth as the 

value of CT increases rapidly as the value of TSR 

increases. The smooth surface can only produce TSR up to 

0.06. At between TSR 0.05 and 0.06, the smooth and 

rough surface nearly identical, with CT range 0.011 to 

0.016. Therefore, the rough surface had increased the CT 

and TSR values in comparison with smooth surface. 

The experimental evidence on Figure-5 shows the 

torque coefficient versus velocity ratio for smooth and 

rough surface roughness. In Figure-5, the torque 

coefficient is the effect from five rotating cylinder and the 

velocity ratio is from a single rotating cylinder blade. 

Nevertheless, this Figure shows gradual increase in torque 

coefficient and slight increase in velocity ratio when rough 

surface roughness is used. Furthermore, under velocity 

ratio range of 0.02 to 0.08, the figure clearly shows the 

significant improvement of rough surface roughness on 

MWT performance. An experimental demonstration of 

this effect was first carried out by Thom and Sengupta [8] 

on a single rotating cylinder. It can be highlighted that 

both current and past experiments showed similarity in the 

advantage of using rough surface roughness. 
 

 
 

Figure-4. Comparison of torque coefficient with tip speed 

ratio provided by surfaces roughness. 

 

 
 

Figure-5. Comparison torque coefficient with velocity 

ratio provided by surfaces roughness. 

 

CONCLUSIONS 

In summary, the rough surface roughness using 

sanded paper will improve the MWT torque up to four 

times in comparison with smooth surface roughness. The 

finding also showed that the effect of surface roughness is 

more beneficial towards rotating cylinder as it increases 

the overall aerodynamic performance in comparison with 

the airfoil-shaped blades. Based on the experiment results 

for torque generated from the surface roughness, it gives 

an idea for future research. Nevertheless, the finding in 

this experiment gave the insight in understanding the 

effect of surface roughness on the wind turbines blades.  

The recommendation for future research in the 

effect of surface roughness on the MWT is to explore the 

effect in different range of sanded surface roughness 

coefficient. Based on current improvement shown from 

the effect of surface roughness, the MWT performance can 

be further improved using a higher or lower sand paper 

roughness coefficient to be more efficient and sustainable 

in future. 
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