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The ratio of lift to drag coefficient in wind turbine blades is one of the most important parameters
affecting the power coefficient of wind turbines. Due to the performance of Magnus wind turbines
in low speed air flow, such turbines are attractive for research centers. In the present work, new
geometry for the blades of Magnus wind turbines is defined. The defined geometry is based on the
geometry of Treadmill with the difference being that the diameter of its leading circle is greater
than that of its trailing one. In the present work, the body is assumed to have low speed air flow
while tangential velocity is applied to the airfoil surfaces and then, its effect on the lift and drag
coefficient is studied by numerical method. The effect of generated tangential velocity on the
surfaces is investigated for different air flow speed and attack angles, and its results are compared
with those for stationary surfaces. The results show that generating tangential velocity along the
surfaces causes the lift and drag coefficients and their ratio to be varied considerably. By the
tangential movement of the surfaces, the maximum ratio of lift to drag coefficient occurs in zero
attack angle which is equal to 109. Moreover, maximum magnitude of lift to drag coefficient for
attack angles 5, 10, and 15 degrees are 81, 64, and 57, respectively. It should be mentioned that
the results of this study can be used for determining the proper tangential velocity according to
attack angle and air flow velocity to reach the maximum ratio of lift to drag coefficient.

Keywords:
Magnus Effect
Wind Turbine
Moving Surfaces

  

1-    .  
 .

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

1.
24

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

27
 ]

 

                             1 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.1.24.0
https://mme.modares.ac.ir/article-15-6552-fa.html


    

                

  

164   139415 1  

1 2 

 .
 .

ms-1 4( 
]1[ .  

 
  

 
)  ms-1 2 -1 (

 
 ]2[ .1 
  .3 

 .
  

 . 
 

  .
  

  .  
 

 .
  .

  .

 
   .

  ) 1 (  

)1(  
2

2
(1 )cos

2
cr

U r
r

  

 U 

cr  

r ,  

  .   
      

 ) 2 (   

)2(  rotaitionalV dl  

         )3 (
 :  

)3(  2
rotational cylinder2 2c cV r r  

1- Lift Coefficient
2- Drag Coefficient
3- Magnus Effect

   ) 4 (
) 5 (   

)4(  
2

2
(1 )cosc

r
r

u U
r r

  

)5(  
2

2
1 (1 )sin

2
cr

u U
r rr

  

) 5 (cr r= 

  ) 6 (  

)6(  2 sin
2 c

u U
r

  

 
  ) 7(   

)7(  2 21 1
2 2

p U p u  

 )8(:  

)8(  
2

2 2
2 2 2

1 2 sin1 4sin
2 4c c

p p p U
r U r U

  

 
  .  )109 (:  

)9(  
2 2

0 0

sin sinL cF p dA p r d U  

)10(  
2 2

0 0

cos cos 0D cF p dA p r d  

) 9)   (10 (
    .

) 10 (  
 

  ]3[.  
  

]4[ .]5[2013   
   .

 
  . 

10 ]6[ .
     

  

  
1   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

1.
24

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

27
 ]

 

                             2 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.1.24.0
https://mme.modares.ac.ir/article-15-6552-fa.html


    

                

 139415 1  165  

 .]7[1983
 .

 .]8[2003
 .

]9[20102 
  .

]10[20001 
 .]11[2012

) 500000 (
 .]12[1996 

 .  
  

1936 -1924 ]13[ .2005 
 2]14[ .

  .
  3 

 . ]15[2013
 .

  
14/0   .

  
 .  

   ( ) 
 . 
 ...   .  

  

 

   

2- 
   .

     
  )11 (   

)11(  31
2

p
PC
AV

  

pC P V 

A  .
) 12 (  

)12(  2A R  

1- Riblet 
2- SB RAS
3- RPM

R   
) 13 (

   ]16[:  

)13(  

12

2

,max 2
3

81.32 0.572016
27 1

2

p
L

D

C
C

B
C B

  

) 13 ( .
B   .
) 14 (  

)14(  R
V

  

2 ) 13 (3 )3B= (
 ]17[ .  

2  
 .

4    . 
02/0 01/0  

2    .  
82-5/1 5  m 39 

221-6346   
  015/0 ]18[.  

3-  
3-1 -   

 .
. 

7  .
  

  

  
  

2  

4- Isentropic 
5- V82-1.5 MW
6- NACA 634-221
7- Treadmill 

 
  0.04=D LC C

0.02=D LC C

0.01=D LC C

0=D LC C

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

1.
24

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

27
 ]

 

                             3 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.1.24.0
https://mme.modares.ac.ir/article-15-6552-fa.html


    

                

  

166   139415 1  

 .
  

 .3  .
2 2  .

4  .

  

3-2 -   
 
  1  . 2  

  .5
2

.
  

 1 
 .   

20 .  %
 00203  .6 

0020   .
5 

 .
 .

 4   .
 

  .7 
. 

 .2   
           
       .
5 

5  .   
  

  
 3   

  
4    

1- ANSYS CFX 
2- Chord
3- NACA 0020
4- Gambit 
5- Opening

  

5

1    

)mm(

60
20
250
290

  

  
6 0020  

  
7   

2     

(m/s)5
(m2/s)

5-10×55/1

  (kg/m3)18/1

-015/0
-93548

    .
4    

 6  .
4 

6- Wall Velocity

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

1.
24

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

27
 ]

 

                             4 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.1.24.0
https://mme.modares.ac.ir/article-15-6552-fa.html


    

                

 139415 1  167  

 
  .    

1 

  .2 3

 . 
  .

     .
  

 .  ]17[ 
4    

 .
 7 -10  .

5  
  

3-3 -   

  .
  

 .
  

00126  
 .

 .
]19[  .

  7 
  .8 9 

y 2  .8 9 
8  .

 

 .
 

 . 
3  .  3 

 1  %.  

4- 
4 -1-   

  
  

1- Moving Mesh
2- Turbulent
3- SST(Shear Stress Transport)
4- Riso
5- wake
6- NACA 0012
7- LCL Model
8- Stall

  
  

8 0012  

  
  

9 0012  

3      

1162540
216540

2243540

  .10 
 .  

  
 .0510 15   

 .
9

10  .11 5 %

9- Cartesian  
10- Rotating Wall 
11- Turbulence

 

) 

  ( ) 

 

 

  
3000000= 

 

  
3000000= 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

1.
24

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

27
 ]

 

                             5 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.1.24.0
https://mme.modares.ac.ir/article-15-6552-fa.html


    

                

  

168   139415 1  

    
.

)  15)   (16 (  .
 .

   
1 

  

)15(  20.5
L

L
F

C
AV

  

)16(  20.5
D

D
F

C
AV

  

11 
 .  11 0 5 

001/0 0005/0 
 . 2  

   .  11 
  23 

  
 .

13 
  .

 ]20[.  

  
10 

  
  

11   

1- Symmetry
2- Vortex shedding

12 
 .12    

 
 .

 . 
0012 - 1- 183 2 

  10 
23  .

  
 

.
1314 150 1015

 . 14 15
10 15

 .1ms- 5  .
13 0 

)  ( )  (
  .   

  
14 10 

   . 
 001/0   .

 ( ) 
25  .25 

  . 
1ms- 39/6 .  

15 15 
  10 

  .
11  . 

15 10  .
 .

   .15 
1ms- 39/7 .  

 16 17 
 . 

) 17 (
  

)17(  S
W

VU
V

  

 16 17
10  

18 
 .19 20 

3- Riso-B1-18

y

 
  

 

) 

 

 

93548=

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

1.
24

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

27
 ]

 

                             6 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.1.24.0
https://mme.modares.ac.ir/article-15-6552-fa.html


    

                

 139415 1  169  

0 15  .
19 20  

 . 
21 22 0 15 

3    .

21 22   

  

12  

  
13 

  

  
 14 

15 

  

16  

  

17  

4 -2 - 
  

 

  .  
  

 
  

  

 

 
  

 
 

 
 

 

)   
  

93548= 

93548= 

93548= 

0a =
5a =
10a =
15a =

0a =
5a =
10a =
15a =

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

1.
24

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

27
 ]

 

                             7 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.1.24.0
https://mme.modares.ac.ir/article-15-6552-fa.html


    

                

  

170   139415 1  

  
  

18    

19   

20   

21 
  

  
 22 

  

 
  

 .
 .

4
 )  .18)  (19 ( 

   
)18(  ave( )S SV A  

) 18(
    

)19(  ave( )C S SR A   
) 19(

 )  .18)   (19 (

 .
) 20 (  

)20(  Surface

Surface

Power

Area
  

 )  20 (
 .23  

 .24 
  
24 

  . 
   

5-  

 .   
 . 

 .
2 

 .  

0012   

   .
   

 .   
    

 

 
 

 
 

 
  

93548= 

0a =
5a =
10a =
15a =

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

1.
24

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

27
 ]

 

                             8 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.1.24.0
https://mme.modares.ac.ir/article-15-6552-fa.html


    

                

 139415 1  171  

  
23   

            

  
24   

  

  ) 

 .  (

  .

 

 .    

       

    

 

  .

8 

109  

  5 81 

10 64 15 57 .

  

10 

 .  

5 10  .  

 2 3 )  

109 .   (3 

   

10     .

 

 18 

 

 

6 - 
 

  

7-   
 )2Nm - (  p

  PC

  
LC

  DC

  LF

  DF

) 1ms -(  V¥  
  SV

  WU

  SA

  CR  

  
    

) 3kgm- (  
) °(  a

 ) 2N.m- (  ave

  ) 1rad.s- (  S  

  
8 -   

[1 T. Pau Chang, S. Ping Cheng, .Jiao Liu, L. Chung Sun, Y. Pin Chang, Site
matching study of pitch-controlled wind turbine generator, Energy
conversion and Management Vol 85, pp. 664-669, 2014.  

[2] N.M. Bychkov, Magnus wind turbine results of model testing
Thermophysics and aeromechanics Vol 11, pp. 567-580, 2004.

[3] BR. Munson, AP. Rothmayer ,Th. Okiishi, W.W. Huebsch Fundamentals
of fluid mechanics 7th ed. Asia:John Wiley&Sons,Ltd;2012.

[4] N. Komatinovic, Investigation of the savonius-type magnus wind turbine
Master thesis, MEK Technical University of Denmark, October 2006.

[5] A. Sedaghat, Magnus type wind turbines: Prospectus and challenges in
design and modelling, Renewable Energy , Vol. 62, pp. 619-628,February
2014.

[6] R.W. Fox, Alan.T. McDonald, P.J. Pritchard Introduction to fluid
mechanics 6th ed. C2004.

[7] D.B.Ingham, Steady flow past rotating cylinder, Computers Fluids, Vol.
11, No 4, pp. 351-366,1983.

[8] T.K.Sengupta, A.Kasliwal, S.De, M.Nair Temporal flow instability for
magnus-robins effect at high rotation rates, Journal of Fluids and
Structures, Vol 17, pp. 941-953, 2003.

 
) 

 
 

(
 

 

)   

93548= 

5 =  

  1=    
2=   
3=  

4=   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

1.
24

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

27
 ]

 

                             9 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.1.24.0
https://mme.modares.ac.ir/article-15-6552-fa.html


    

                

  

172   139415 1  

[9] N. Thouault, C. Breistsamter, J. Seifert, C. Badalamenti, S.A. Prince, N.A.
Adams, Numerical analysis of rotating cylinder with spanwise discs, in
The 27TH International Congress of the Aeronautical Sciences ICAS 2010.

[10] T. Hall, D. Joseph, Rotating cylinder drag balance with application to
riblets, Experiments in Fluids,Vol 29, pp. 215-227, 2000

[11] S.J. Karabelas, B.C. Koumroglou, C.D. Argyropoulos, N.C. Markatos, High
reynolds number turbulent flow past rotating cylinder, Applied
Mathematical Modelling, Vol36, pp. 379-398 2012

[12] D. Shiels, A. Leonard, A. Stagg, Computational investigation of drag
reduction on rotationally oscillating cylinder, Esaim:Proceedings Vol 1,
pp. 307-323, 1996.

[13] N.M. Bychkov, A.V. Dovgal, V.V. Kozlov, Magnus wind turbine as an
alternative to the blade ones journal of physics: conference series Vol 75
pp. 1-7, 012004, 2004

[14] N.M. Bychkov, Magnus wind turbine characteristics of rotating cylinder,
Thermophysics and aeromechanics Vol 12, pp. 151-166, 2005. 

[15] H.R. Kheirandish, Design and manufacturing of modified magnus wind

turbine Master thesis,Department of Mechanical Engineering, Isfahan
University of Technology, Isfahan, 2013.(In Persian)

[16] A. Sedaghat, M. Mirhosseini, Aerodynamic design of 300 Kw horizontal
axis wind turbine for province of semnan, Energy Conversion and
Management Vol 63, pp. 87-94, 2012.

[17 M. Sayed, .Kandil, A. Shaltot, Aerodynamic analysis of different wind-
turbine-blade profiles using finite-volume method, Energy conversion
and Management Vol 64, pp. 541-550, 2012.

[18 N. Tenguria, N.D. Mittal, S. Ahmed, Modal analysis for blade of horizontal
axis wind turbine Asian journal of scientific research Vol 4, pp. 326-340,
2011.

[19 M.J. Vafaee Rostami, Numericalinvestigation of turbulent over
stationary and oscillatory NACA0012 airfoil using overest grids
method ,Master thesis, Department of Mechanical Engineering, Isfahan
University of Technology, Isfahan, 2007.(In Persian)

[20] J.F. Manwell, J.G. McGowan, Wind energy explained Theory, Design and
Application, 2th ed. USA John Wiley Sons, Ltd; 2009.

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

1.
24

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

27
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.1.24.0
https://mme.modares.ac.ir/article-15-6552-fa.html
http://www.tcpdf.org

