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Numerical investigation of magnus wind turbine new blade section
performance
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ARTICLE INFORMATION ABSTRACT
Original Research Paper The ratio of lift to drag coefficient in wind turbine blades is one of the most important parameters
Received 06 September 2014 affecting the power coefficient of wind turbines. Due to the performance of Magnus wind turbines

Accepted 27 October 2014

Available Online 30 November 2014 in low speed air flow, such turbines are attractive for research centers. In the present work, a new

geometry for the blades of Magnus wind turbines is defined. The defined geometry is based on the

Keywords: geometry of a Treadmill with the difference being that the diameter of its leading circle is greater

Magnus Effect than that of its trailing one. In the present work, the body is assumed to have a low speed air flow

Wind Turbine while a tangential velocity is applied to the airfoil surfaces and then, its effect on the lift and drag

Moving Surfaces 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.

25 A0l Olse a0l (655 G Gl 5o el 00,8 ey 3 G doddio -1
B gladle jo il Jloy55 ol Cemal 5l e (e Cose mlio a5 ol yen syt slsz 50 5l 4 93305, 3
el a3 5 aloxil (3L sy 2 Gl cez 5o Sl Clidss Glass il eslinal gl 1) oo Sl e g ol (aors Can ) Cdloe o

Please cite this article using: “lod o3liw! Jod @yl 5l dlis cpl @ gl sl
S. A. Kazemi, M. Nili-Ahmadabadi, M. Saghafian, A. Sedaghat, Numerical investigation of magnus wind turbine new blade section performance, Modares ‘Meehanieal
Engineering, Vol. 15, No. 1, pp. 163-172, 2015 (In Persian)



Obles 9 el e

U980 (53 (195 09 .\J.\Ach.na‘,ﬁlalué’)ﬂ' S 8doc (§3E (w32

(4) Lils, b Billae (sladlyinl olSius 5o e puo slrgly 5 olad ailse

55 oo s (5)

2
,
u, =Z—‘fzuw(1—iz)cose @
r
2
10¢p r, . . r
u,=—"=-U_(1+-<)sinf——— ©)
0 roe o ,2) 2nr

oo olad S (I, ) Wlsiad g 55, 5 (5) ala L 3ilas

g walss (6) abal, b gillas e s (slaygly adlho 5 o

©)

Uy=-2U_sinf -
nr,

c
Obyz 5o bl G plyr b Sy Jsin dolee ig
28,5 oo Jol(7) ally ilgsi] mhans (9, (labais g Cawd y90
1 1
poo+—pU£=p+—pu§ (7)
2 2
(8) akat; 3ok b
_2I'sin6 r?
wrU,  Az*riu?

Ap=p-p, :%pUi 1-4sin%0

oolitl o (53, S LI 5l ey 5 T (595 arloe S
o)l (910) s, b 055

2 2
FL=7J.Apsin0dA:7J.Apsin0r0d0=PUwF ©)
0 0
2 27
Fp= 7J. ApcosOdA = —I ApcosOr.do=0 (10)
0 0

o 55 65 Job am 5o (JISl 950 (10) 57(9) Llsyie
g b S ki o axlg bl (g 90 Jelod o jladie Gl oS 95 00
2 4 1z S dlma b5 (10) abal 51 Ly (55,5 45 ol aseine
b gy (nl g Sl (ol Cusdly y3 pALRST g sSens e Ol
[Blo5 (g3l b (5,503l

B i 5 GBS 900 eSOy dallyiul s (95 b
clalesl 5 bony! glsil ooy 2013 Jlo 4o 5] oo [A] el a5
) odlgls nl alul .cls s ugiin ok sl g Ame; o oad &)
ooy 5 Ly cops @ Ty copd Cand 05 o5 ok slogms
ki a0 5 g0 algtal ) s ol el U (glalaid
9L ye5 5o [6] el S sl Jlade a5 s e 10 sse 4 Slos
g o oslitul S5 gllsi slooyy 5| Lusie

5o 59k g 3l e 1 S0

1 oslaiis 15 0995 1394 11335 58 (w30 SilSe wdiie

e b ZLM" S 1Tﬁ s 68b lagrm e 2T 0
o by cayd 2ol 5 1 capd Gl slie p Sligio 15T 5 ol
S b 9> 63b lagmysi o oo Al Geizmes il g
FoS (See 9> 5l ol A9 S 4zl &5 (xe e Sl b (39
Or Jile 4 x5 by 1 (55 wad aals Jo 4 (AMsTyass
2 63b slagm,g oKos jle 4 [Hatl o &8 > 5ok om0l
Glegerm 50 5 2ls 1y p3Y TS ol iy eyl caseis o350
SCH KR B LG PR Py FE A g P

Sk (Bis slace s I (oammg odgue )3 (weiSe (3L Slacr s
Slogrnyg o (1m2msL) ol (oj5 o5 Glace w0 Ll wijls I8
ol 393 5l 293 25 Wi QLS hednl on LSle b ol
Ol ) s ool m 5l St aled 1SS 2w
Loy sl & a5 sl aly & Lo,y ool o
ol e i sy )l S8 slallgal ooy (higinl ahte e
g Sbml baailgial cnl (30,5 31 0 i s8

Ar s Slie 22 b e e azsliz eeiSe Sl 5)55 wb »
Slatse p Goles e o Gel)s (50,5 4 L 0,50 3 Jlws 0l
Loy b 05 By e 2 sz (Senlindg ol (59,05 rbans din
bghsy o (20,558l am0 o )18 5l o 1) (LS (Sl ]
e g LS5 Gal8l g Lol UK 50 s 5 e SLLI 0L
g8 or (Sealusgnl slog s 53 i Soml el SLBI s (L >
gl o Jlad 2l 5 e b gl po jlad (Rl s ojle @
Dglse Wz S50 Sbml cge e VL

4dgs oplo ahatie gly Lo g 9508 et Sz el Ly,
SYolas oSy jf 5 (2552 2 nil o515 0l Gl ol oad
oY S¥sle o 09 oo oalitl Sae s Jondly S Sz LY
= dewily by ln oo asbid il obyz Jo Oloe @
oy g S2leSe ol S Jeiln 1 oS5 OBz Al
58 epls 35 se 63y ol e o (glsid Slaites oS o i o
o Jeeily sl il Qs 655 @l 05800 oolitinl 05 o

sl (1) alaly &0 4 552wzl Jg>
2
r
p=U_r(1+-£)coso —LG 1)
rz 2

T 231355 ST by e po Uy s Jenily Sl 0 o5

5 alyial 3 ,Sele i3> pen¥sS s T il ghaiie opls gl 1
el opls 5550 5y ol I o5 Slalsiul oSss slazsa (1,0)
e Cuz (et gla e 23 sl Sl o il 55 o )18 Al

D9 g0 et (2) ) b ollas cnaS ol (IS S50

= mvrotaitionalm/ v

(3) el Ballas Jlgo Wl (gra¥sS s (sl alaly 25 ghe
g s Slye

I'=Viotational 2% e = 2’”{:Z“)cylinder €)

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

164



Obles 9 el e

U980 (53 (195 09 .\a.\;ch.n.a‘,&ab:ég)ﬂ' S 8doc (§3E (w32

sl Dyge a5 (13) ably 5l ok oy 0 8> Gl ol
T16] il dslons (105 c] oo oy
-1

2
21-8
1.32
16 *( 20 j (057)22
Cpmax =| = |2 - (13)
27 2% Cf,, 1
c,\” 28

3 el patien by Cupo 0 T pd S Soeal (13) alad) o
el oy el o o ey Sly A g ooy slaws Sl B aa, oy
w2l (14) alal; b

Ro
=— 14
: 14

o0

5 (B=3) 3 o, olawi Lol opye5 sl (13) alal, Jlogei 2 IS 40

A

or OIF et g @ T 0 o (Rl L ol asetie 2 IS
4 el (2551 Ol Cnyie T 9> 09800 SUSP o 0> Ceew 4 3L
&3k logmg ST )0 0l oy L )"4J‘ sl ool Gy SO
15 el ol 0101 5 0102 shacl ¢ Ty oy & Loy oy Con
Olpie 4 atis 005 Coably @ dbai b3 g ezl Jloges 2 IS
539 M Job Loy 5l PllSe 15-82 (g5 Jua 5ok Gyss 5 s
ol ol i3s Laulyd 45 oS s oo oslizal °634-221 15T Jysh ol ahaie

181 0015 4 o 15 T 0 Ly sy Con

$39e (g3l g, =3

A oD @,&n -1-3

el 03gr Blans algil 59,0 g Sl arne) )3 baosy p ST G5SE
Iy 5K 1 et oS o ol daseiie .ol 0 ploy] alaio mlans a5
 adsl ol ool ez ol gl (232 ol oS oy O 505
85 el GlaisTay Jooo s awsin 85 gl oo ania I lyioe
@55 Joe g alaly S (e OS85 (e eles O s

o6—m8m + —7 —————————
- /”/_’_—_

05F P ]

L g --—-=l_ Tl |

i T~ ]

04F / = ]
4 ~o ]
3' d
2 0.3} .
B C,/C._=0.04 ]
02 Co/C.=002-----~ -
Co/C =001 == === 1

01f cje=0 ———— :
0’. M T R | ]

5 10 15 20
o ksl an o ey

o Ll (0 S e o Iy Jlges 2 UK

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

165

sl Sl (g3de hg) 4 Bz wlgtal 6o,z oS jgm, sae b ol
wlsinl 59, Obyr ewin & 3% Sy & &S 3 ol ess |
&9 » oz lul 2003 Jlo o 8] LysSiw ol ol
D) ez 8398 by 4 ok (85 st )3 1) Gl algtal
slsl g laml jo (Sws amian 2 ool 15 L2010 Jls o 9] 1550
e dgage Sl 1y T (Sealisg pl 0,Slee cundlys o3 2 ailgial
. 1 .

By sz @ s09e gy 4 2012 Jlos o 11T (oS 88 ()
dilies slacie o ,o 5 (500000 ) obj j0dsi, slacl jo G5, ailgzul
el Slosi glagly ce o b ol 2 ailgral (o

Sl )3 efe ool slagss (Ahbln gouste Sla
10 eSe b ey 2005 Jl o [13] ci 5 plel 1924-1936

e (= 2 . .. .

[LA] 28,5 )8 o)z S50 ol (il SIS (50,15 5 (5515 e
or ol S plgie Jod BB epSe 3L (g5 0 Shes @l
3 c X B oo 1
635 Sl 793 e @3b g JSE slallil (slaoyy oS 09 ]
O Bldel sxis olKudls o 2013 Jlo ;o 15] (ool s axsls
@l pedle Gails Sl (SasS lde 0 g e3le ugiRe 3L
Jyolsploslontazlo @3k ()95 9, 2 50 3% Silwand (225
S8 bl ks s 014 51 oy sy bulid cnie 5o
@S (53b Gy 595 2 ot planl slaJulow oaled )5 Cunl
ol 0ad 4185 I 53 giSe 53k ea)5 Sln onls whate L

T ol s y30 (o2l ahaie) S8 slailsinl (slaoyy Lol JSt
asle AR Ve LgLQJS..i..o ob) 90 O‘i‘ | r:p/ 6Tﬁ 69}:‘.‘3 .;L?c._{l o
L L L P T Wy KO Pt B P gy

Sl @ S ook g op ghille Slp wux Glawais (S
Al 451)] lJ G .)9...:‘56 ol )wl> )lg L ol w)i., )1)5 R e
@b Gloses 2L« onls ghis glr 4 cole BB 5w glais
S Gl 6 S wia job 4l e

oL gy oSl (I Ly, -2
Ol cupd el Guysi Olg ol Sell pete oL myss o
oS ol Jlae oL bz 5l cpayes Jawgs (65,50 b, lhee oaimslis
93,5 oo cin a5 (11) alal, & 500,

P
Cp =

1 (11)

= HAV3
2PV

Sty Vi ol g 2o 08 Pty iy Sl Cp &8

Gk el 3l ey oy Sl SSily A ol cessyge Gl
ol (12) ala,

A=1nR? (12)

1-Riblet
2-SB RAS
3-RPM

1 osledis A5 095 1394 1335 58 o e pSslSd Shodis



Obles 9 el e

U980 (53 (195 09 .\a.\;é‘dn.uu&al.uég)ﬂ S 8doc (§3E (w32

T9> 99959 500

wC

(5999 a8 wC ' “C T9> 99959 3%

59,9 =y

Jo g 4 analo 5 S

ol (53luded dwaia sl 1 Jguer

(mm) Jaie dwdid dasin

60 o> glhad glad
20 e glhd gled
250 o pls 3810 o alold
290 59 L Job

S
2
2
R
R
22
2
2

2
R
%
2
22
2
R
R
X
X

%
7

&
%
%

2

2

55
5555%

R
R
R
R
R

00y2%,

00gstetes

s
55

X
2
S
35

K

%
5

R

Z
12
%

%
255

2y
$55555
075,
5
toseotd
55
5555
5555
P
R
I
R
&5
3%

53
R

%

%
52
2%

R

<
%
&
o
R
2
S

s
<5
o358

o
o

4
%
v
orrteeetsg
s
egteetsss
&

2,
275

%
25

R
S
S8

75

R

2
cooterrtes
0e2%
G
s
2
2
5

7
3%
3

s
3

,..
it
st
3%
3
2
B
SRS
B0
5!
S

=

SRRARS

%

SRR
e
oS
S
T,

&

7
cre

%
2%

W
222
%
%
Sooes
S5

%

N
N
R
A
wa
5
s
vy
o2os

SR
N
WY
Sty
R
2
2

R

R

R

R

N
"

X
N
SRS
S92
258
%
re2s

=
R
W

R
=

35
%
%
2%
2
o2

N
st
IR
SRR
5
2
5
%
%

=
35525
2

R

5%
%
05

R
KR8

R
R
R

Ny
N
N
R
Q\“‘“
SR
S
o

%

o
N
3

3
R
R
S
5
2
2
225

2
XX

o

R
R
N
R
B
R
A
R
=

3
X
™
N
N
3
=

55

XX

%3

S8

lgn Slasin 2 Jguo

Slaas Ay dastin

5 (m/s) i o
1/55x107° (m2/s) Seloims a2y35Ss

118 (kg/m3) S
0/015 -
93548 -

tlosue

gy ue

e Al Cg> Gaed A o pdy Gl GuSOIAN cw el 15800 5
Dot g gl o 4 5 abaid S s mhe ez 14 JSE L Gllae
cJl> w“ L ol 00l ools C.Iam » wLo.A ‘6;&)...; SHye Joj..w dulfl»

6- Wall Velocity

1 osledis 15 0993 1394 11335 58 (w30 Silfe wdiie

bl 5l 65 b awain 4y @05 OBl gl> o pls Jlad 5l 5 S>o8
ol e |y dmaie opl Wiged 3 S 10 el oo Cesd Salipag ol
Sy b 2 5 opls glbd 2wl ool JSiS s gzl dwain
Cs]a.uuﬁo)foszj S w@.wlamaoloom C}-!a*“g_ri‘4JS*")‘>
30 b bl 4 u.;o)f S9> y9a Jo> 6|aﬁlo C}Ia.w o LR 3

> ohsy-2-3
sl 580 055 5l ool s ez (53,51 192 b1 Glyz &8 o (3lanns
5 EandSed wgom 2 gilods ol 5 s bl TSI s
S5 Gl B S 15 5y e 5o e bl S iats slaels
. .. 2 . . < .

Sire Lulpt g Sl 090 avaia 59 LS Job oz o] Jolst 5 4l
Lo 550y alols g oo ol glads ggazme b

0 1 Jgoo b pllas s 0590 daoodd olul (gjlwand opl 0
Shd a8 ol Qbasl glaeSas slal ol canl S5 4 p3Y Ll sals a8 §
B Uiy .ol 20020 5L aiile guiess slolish ) o 4y Soo3
ol sas solo ylis 0020 U g8l awaie b dawaie pl awslis
42355 FaS s opls 5 sl 0l e los bslad ol (rimen
A awdin slol wlal b plply vens F) avaie zhe (g5, 4o
basein 553 n plonil el 53l a5l esliol b sandSed rimen
g e Skl o aSh sl ol cenlio iy (onaSed (nl Lol
atie 45 e 4 003 sles T JSo 10 el (50 4Y (65 ldans
50 ndl o515 5 I8 e (55, 5 o b ;2 IS 0
ol 00 03 51 ooliiwl 0,50 (Slga Slatin 2 Jaux 0.0l a3 S

59 oolainl gz s e 8 Sles v, Bon &S ‘5.,[;;37 3l
Gillao ol a8 A 1o (o5 e ()l 2 S s sl oS (90b 98
ol by o1 S0 ald 90 a4y g oo Doyl azals ) dls g0 45 S

Loal @y a 5 .

2 42k Sgo pob (oled (505 b el Tl 295 5 2959

_}ﬁﬁo;c\“m&weaﬁ

(1) s

\

) s ) (F) dans

-

(F) b

dwdia odins LSai slix14 s

1- ANSYS CFX
2-Chord

3- NACA 0020
4- Gambit

5- Opening

' 166



U980 (53 (195 09 .\J.\Ach.na‘,ﬁlalué’)ﬂ' S 8doc (§3E (w32

Ubled 9 U e S
14} # ]
[ . \ 1
i o i
1A2z ] \ 1]
i 7 ¥ i )
1F ./’ \\\‘\\’ .
9, ! ¥ [} ]
3 08f Y Se -
A B 7 1
06} 174 -
i 7 ol I8 —_—— ]
04} /-/ el e
F 7 Jmdlde 0 1
02 4 ;452 ,=3000000 1
%% 5 20
(4?)\5)41@?4.155

0012 155 58 ! s> cilisen o (bl 1o Ty gy i dylicn 8 S

04—
0.355_
r I
aaF Sl S ——— A
r 5 ol Pd V
- &S alie) —_————==-- ‘/ .
. 0.25F Jswd Jxe ! ]
;L ool 5454,=3000000 ’f :
R | ;
0.15F | ]
: ,l ]
01F 3
i | :
0.05F / -
- %3 1
..... — -,-_:.’"4 i
¥} aymypepents Sl ik AN O . W

0 5 10 15 20

(a2,9) alo> aigls

0012 155 Jisb ol Js> cilises alos sblas 5o Ly oy Sl i anylin 9 S

o gy 2 B s00aS ol slas 3 Jgur

Jobes olass A
162540 1 a5t
216540 ol S
243540 2 a5t

3%sle oyge 4 10 IS e goba olos aSST censi 05
do @l plgie 4 o pd 58 ool S g Lay 5 T calpd oy 00l 0

Bl Gbls; plye 4 42,015 510 5 0 ales gl oz ol Ll
ey Siye byt dwsin (il 9 YU Lok 4,285 18 (wyn 5 )9e
T s 1 VPR J L | I
U5 5 b T Sanl e o eols lalyd oSy o' as o

9- Cartesian
10- Rotating Wall
11- Turbulence

167

Sy byl 353 e Slatal o aile Lt gl 95 9wl (Shge
93 e ;3 5 WS ool Sy bajpe IS (Rl b el SO 0k o
3 052y TS e A a4 (53 ol W5 ol 5 S 2ot
sl b Cges by b g el oled 30,8 b ol 4
6 b i Jl (SoRST oo Sl g et 8 Pahl oz osdoe
J= sl Jas plo 4 cod Jow ol Cuje ol oolatul  Siasl g5l
ol Jae Gl Galpls cl Glyz S5 e aned cGhgtae Ol
ayleiige il 4 1) ol (s 4 &L S e it | Ol
Ol S desdnl gy 00l plwl (goue slagsiluands ST )0 (eizmen
Judow o [Tl e BT g Glgie a0 al 0y ool Jow
55 oslizl (KuasT Jae ol 31 530, sl odlsils Jom o1 bz
e Sen Lot el YU & pgo 4 je <80 3l oSl E¥olas (53l diannS
2 oSal 4 ars b 10751 28 bosladly ke s, S
gdin Slogs ol caty P Sug goas Lz s (53, ol bl i

i o 8 LLL o> ST 0 ol >

$ooe s e b 3,1-3-3

Lasoi ‘C"L"’ sy 5 OL‘.:AJG‘ oS gl goue il ans sl g, 5o
QS oo dslio £o050 Hled )8 2y50 sloialesl oael sy z b,
7ol 555055 o &8ly i 0j90 g0 ) @S Bl Sjge 50 5
Glalio iz ol laipe 028 Glles] GSge 252y poe Lloa,
Goue mld ol Gliebl (S Gl Jds een 4 L0l 352
BU - hgdn! ilo a4 pladl (sone (silo ad g, b conal ey
plonl goae g5 Lo s o slaesls b o b avylis 5 °0012
55 oy s U o plml caz T 5l ile aned ol ias S ons
Ol 9005 I8 Sliebl 050 o0 (g3l il Cuz 8l oy Ll
iz 5l ogs 5 0 oy aua S eolanwl [19] by (soae 15 5l anslhs
T Jliowd) (S22sT Jow b avglio begl ) a5 sga osli] S2asl Jas
oo 03)31 9 5 8 oS 0 o] mls a5 Lol 5 0 0gi e plxl
<9 58 Gla e @llae .o oold (lis 2 sga> 0 Y ge yielyb cen
. PR LT A (g [+

DS S92y b laged o (Joud JB 5 s Glkail” Jlisl al> e 5l LS G
D9 oo yiden guls WS ()b ,m wad Gl Jdoay Jlewl 51 e Ll
Doy 5 BB I3l a5 alaslesl Laylyd jo glas asile LYo o
&l oyl sblim.abj S5 009 o A 5 g Al o Jos >
Gilis gla sl olaw b onaSed duw oSt 3 U Sl sy
S dws ol sl sk sl & bgyye el . § 18 sl 5 50

Gilw dos i -4
Sz oy ghaie Joo ol g3be ancd mbi-1-4
gy e 50 50 LA 5yse dwais (Sealindgpl o Slee Lol |5 50

Moving Mesh

Turbulent

SST(Shear Stress Transport)
Riso

wake

NACA 0012

LCL Model

Stall

PRNP@AH @R

1 osledis A5 095 1394 1335 58 o e pSslSd Shodis



Obles 9 el e

U980 (53 (195 09 .\J.\Ach.na‘,ﬁlalué’)ﬂ' S 8doc (§3E (w32

gl (295 (38 S 0 |y e (Sl 4 T 5 s 12 IS
@ p e rd o 0500 0pd 12 IS5 50 o5 4i5Silen amo e s
S26S Sl 03 ¢ hsd pl dnaie b anslie [0 awais ol ey cuye
sllae s 4y Slej la g ol 0 Lay oo @ Ty o s atdl
» P wiloby s xSeiz b ol Gl Ce g &S Sy
S Gl @ T oo Cd laigi ol dga by oS slace
B Gladksinl cly woos @il and digad lyiear i) (g8
s bl 2 Jpaz b gillae sln olyz bulps 1718 -1 -y, 5 0012
2,5 10 alox asly 5o day o @ Ty oo o ke (2 oS
sdas JoJo rad 4 0,8 aseie 23 Ll hstnl 50 2 ln s
@ 1y o S & sy Sl 0l g (b ate) o Sliios
Srete Gens on GO A dwdin (b (g5, p i Sl e
el

15515 410 5 0 ales 5Ly 5 ooy 5515 4 14 13 (sl st
Lo iwlas 15 414 o JSo o s e i 1y mbaw (59,5 e g
ly Sels” 22,315 5 10 alas sl 53 555 Qb 525 5 o>
U o el BMST L il lsn a5 ol 555 UL
Soy S5 5 by ez sl a2 )0 0 alox 4l 4 bgye o513
(S5 0l) Joody ey Cand 10 g5 (S5 ol jlowy sloiond)
w3 o0 ol g Sl mly e Gl 9 Vb bz B xS e ©)90
el bl ol

5 by Uil (ol ax 50 10 ales aygly a0 bgyye a5 14 IS0 o
Sl Gl sileaned 05 (o0 e Gy 4L 0 Suy JSis
Sblulgs wilS 3 .l oas plomil il 0001 Slos o5 L g 1,35 &gy
ke loj i Ly 5 T2 oo Jloges 4 a2 b (w105 ) ob>
o gl 515 bl Sy 25 Al ey ile 4008 acule 25
Lol wblige GUST e S5l Coond )0 aS Cag s atilo ol 0 I
22l 6/39 ms*

5 ol il el 42,5 15 ales gl 4 by e a5 15 S 0
Oyge 420 10 ales gl 4 Cond S pmg 42l 0 S0y oSS
oy Ly 5 T pd Jloged 4 argd b by SlLg GuilS 80,8 0
Sl alo,S 50 o ol alald 5 )le 00,5 anlne 11 i (s
iz el 4z )0 10 dle> aggly ity 20 15 ales agly 0
O el Bl al3l alez agly AIBI L 5 w559 0L sl
a0 15 alom ayly g ilien Ghal3A) alem ausly (Rl L 5 Laals,S
e 7139 MS™ L s e pos i

iz alo> 6blg5 50 1) Ly 5 Tp colpd Jlogei 17 516 (sla JSCs
dng Sy W80 O e gl B0 dmig Cepe cep
dslome bz Sy i (585 S s b (17) ) llee
P9 50
U = (17)

olie 50k Sl Sl gl (30,5 AT 5 16 sla s Gillas
b ol 10 00e b Ty oo o5 Glaigay oo Luy 5 Tyl o
A S ey by capo @ T oy ol Jloges 18 S
oz Joz oz bshas 20 519 sle IS amo e i | e (50,5

3- Riso-B1-18

1 oslaiis 15 0995 1394 11335 58 (w30 SilSe wdiie

S92 y+ e o A o by 0 &)l Jlal g ad s 5L
ol SG 5l S gl il

2siee plosl (16) 5 (15) Laly, b @llas Ly 9 T oy arlne
Sl il pous any 0 0o g b3 Jsb bl eer alakie gl
oS pyw dm 0 (pleSds Jsb ay puz Sl (gam 90 Jolos ol &5
5l dmio 50 )85 (5550 by 5l o> (30 bl 8 Iy ol oo
D g0 o3kl Lyl

F
=t (15)
05pAV2
)
-—B 16
" 05pAV2 16

1y s 50,5 g0 Sl 0 gl 5 Tl Jlogei 11 S0
o plsl 4t 0/0005 4 0/001 Sloj slapls L g 1,05 & g0 0 a0
do el LLL glosyay a5 2 oSigs bl LS5 sy oy .o
sanlie 11 JSo joras sb len 858 0 plil )35 & jp0ds (s00e
onl a5 aiil el tal33l Jle a0 23 sl b Ly 5 1 ol o 390
Jsinl So 4 ol 550 dssin Salnogplin o8 cle 4 oy
Gz YL & sho slElls; peled o A o )ge awaie o (ol
13 5555 15 o5 alox (sbly; ;5 Jgdnl o Sl o widl e il oL >
2 ey Gl alie ams ei 7y ol sk (85, (ciulir AgSns 40
[20]ams oo ¢, 256 axmio S 5, 51 5)9ee b~

ako> aglj

—p
9o <Sy> o
Jsl 53l 4ty o sl (555 cg 10 Ui
1F i
e T
08F i
[ L oyl e _e—— :
E (Jyss 793548 ]
3ooep RS ]
N P
ki - v i
04F ,./ -
- «” ]
/ 4
I p |
02F g i
I Sl g - |
o
o] A L ‘
0 5 10 15 20 25
(A?)Q)dlo?qjl)‘

ilises alox (sbls; (slilar mur Jo> by 5 12y Sl 11 Y0

1- Symmetry
2- Vortex shedding

168



UlSed 9 B e Sau

V99550 5L Or9s 03 293 alalte SKaelizd9 1T 3 Shes G338 )

35 o aly )5 o 53,5 (3% e Js ol S p5lS 15U

a0

1y o

g dng 35 L

L 4

g (905 im0 C o p T o s S

by oy

gl dng 35 L

s G535 Sae S g e by 5 Sl i 17 Y0

IS5 o s ee ol 1y e (3935 g 5 425 15 5 0 alom gl 5o
Sedy o slal,S ol JeSis s ol gz 20 JS8 (egase 519
RSO [P SNA . S W N VS
15 90 aloz aygly o 1) b > bglas a5 22 9 21 sl S o )b >
oM phate el atrie waes e olis 3 Ao (50,5 G g ax
e g 33,5 51 slals S slaglyz (28, e 5l g Gl Lok

B9l g0 0N Fodg & 22 321 o JSs yo

2.5

S

15 |

e L L)

25
(A?).)) alem a5

55 T3l e J5 Lo 2 0 2 o Sl 12 Y5

sho alomaysly 0 mlaw (535 g ez Js oz S 5l 13 JSS

a0

At s (B35 S (B pae ol -2-4
S5l 8L y0 531 5 ez i 030510 B0 S g eaiidpae oy
Ol bl oS e pain o5 Cul Coanl 3l Cuz o] 5l ool s 50
ool & el it iz b lae () $5 Ly ol 6 41 (50 S
b g olal g g DLl (b osh ed S Cunbis L

169

03 alox aygl; 13 gl (9,5 g ez Jg Oz Sy 5l 14 SO

a0

b 35 B RIS



Obles 9 el e

P90 (63b (310095 03 3332 glasio (Saolia 39 T 3 Slos 338 )

O 9 Sl 0925 cghaie (nl b Geys o e (305 5l (b
5 S o g olal QLS oy S e ghaw 59, 2 S adsl L
Sl b0 sanl cavsay (g3 g (Bras lei Al (0 K00 )lse Ly
o a3 Calin g 039 allie wix b S alog> Sl g5 Lasets oS
Seib Brae Gl pole 5 50 00h sas ol uys cSle elsyn
ol 3 s dnale e 5 gl 9y 98 (GBS Jeess
S el ol 5 as gl (Less ol A S b Gillas dpnlxe
w5 |y Srae olys (19) 5 (18) Ly, 035 avaloxe I32xe & j90e
e g0 oLt JSb llad 5 (s pglaw (ol
s =(Tave Vs )As (18)
gl Ceyo 0 mhe 65) 2 0o by i85 (18) abl,
Do ghw Colas ;3 0o G 5 358 0 JF 55
oly :I:(Tave ><I:Q(:)[k')sjl'o‘s (19
gladr o lanl gllsd mhaw (59) 52 Sl (op G5 (19) ala, 5o
I 0rd e Shgs S p 5 Jolo s 0id (2B 05 gllad
(19) 5 (18) Laly, ;o 2gbise wpd o Colus ;5 Culip ;3 5 00
Oz SS sl & St cdle 5 (Bran Gl sline 4 s Zdle
Ol dmnlos ad 00ys Ceadle 5y Sliwls j5 oS Coul mhaw i3 > 4
b ool (20) ala L illas oz gl 921y o 2 g0

Powe Isurface
e i ATt @
zAreaSurface

Srae Yo ly Sl (20) aaly b sllhas ool cavsar g
O ygody 23 JS.M; 99 u’_?)l} C.Iaw el S C.Iaw ..\.>l9 G o
[EPIWE Gé)a.a u|9; )low 24 JS.M; el 00 00lo QL.M.: 00,95 )wLb
) 55 0de e b 0oly o (B pae g5 24 JSEL sollao

G54 =5
6ok Genys o ahaiie ;5 oolitul Cg gnaz awaie gl e cal o
Gl ialojl g oyadanslo oSl dmaze ol dasuie b Byae wyiKe
JSEL GV [y PO S URR SY-NV{ P U ST | DRIV SRS T L ¥y S ¥} ls/..a 3
0, los yuizmon S o glad o] gLl 5 lal )5 e pls slads a5 Cuglis
(3 2 Dyg0 & g 33 (Sile dnd hg) 4 cduarin onl (Salinag
Caz 27 alie digel gSgen o5 bl j1cES E ey 0y
b)) ez Bl ey (Bl 5 soae (gile 4t Laosls 4yl
U ugbl Seoliognl o,Slas o003l dnrd 3l ooliil b b
305 dglio goae g 225 @l pleo b 285 I8 ) 0,50 0012
E5 0 L 050 dwain  Sealnsg T o, Slee 5l odel Cowsds gl
by ey a8 el Sl aadllae ol Coonl sl az 5 BB Ly 355
Yl s3e b GBS 5SS Ly 5 T el 83 5 o o5l
23,5 (SNl Al Wiz )3 Bli oo 1) @l cnl 0yl Gl e
danie dfEd mper S Olpea 5 QLT 4 Jeeo awsie e
@ p s S ad le & jslilen 5 o)l sllas (Salinog

Slogo (Bb G a0 0 ol Gl

1 osledis A5 095 1394 11335 58 (w30 Silfe wdiie

100} ]
[ 5;]5;1):93548 i
: 80: -7 Sel J
j' B / . N
; L /
% 3 7 e, XN 1
3' 60' 7 4 - ez \~\ X T
= I e >~ ™~ ]
& L / r/ \’\ h SO\
BT S ! \ N
3 r 7 7 la=0 o \ 3
B [ 7 7 /a=5__.__ \ i
2077/ a=10 o N J

az o 003l alox ayly 1o s (505 gy e S Ol boslas 20 S

Ao dlas dygl o dw dm g (105 Sy b p S ol bsks 21 S0

a0

=

== - - e et — . T
3l alaor sl 5 s s 305 S b oy oz ke 22 S
s

1770



Obles 9 el e

U980 (53 (195 09 .\J.\Ach.na‘,ﬁlalué’)ﬂ' S 8doc (§3E (w32

3 sae )l Lles algiul 40 Ty copo ke Cpiored . 0yl (109 sus
oy mhw (30,5 S0 Loy awaie a5 Jlo o sed el iy

sse ol gl w2y dsin gl (59,5 Sz (Bras Vb Ol @

oy lg 18 51 e oy 48 s0e opl 5 amo el lad |y (S5
oy ahaie awain ol golaidl dd ol las a5 WS el jelod muye

B2 o0 60k 98

oo BT ylSem 5 Slaxj 1ol go p3¥ 055 (E s GLb 5

i ysl Joe 4y S5 g o ol udbl ol

ke Cows b =7
(Nm2),Las p
b s Ol ol Cp
[paene o
by oy CD
1y 9 Fr
by S92 Fp
() o 9 o s 1,
rhw e Ve
gl dn g P05 S Uy
elhadeless Re
g odhe
S o Jomily ¢
OgreYsS o r
(kgm?®) J&= P
(7 dzp0) alex ayl; a

(Nm#) - Silee o RS Tave

(rads') abaw slugl; (30,5 e puo g

&l0-8

[1] T.Pau Chang, S. Ping Cheng, F 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] RW. Fox, Alan.T. McDonald, P.J. Pritchard , Introduction to fluid
mechanics, 6th ed. C2004.

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

[8] T.K.Sengupta, AKasliwal, 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.

171

o )5 e 23 S
18 — S —
A S e 555793548
i \.\"v- ..... e E
_% 14: cla»ux—\x@wé)fw;MZS— e e— b 4
J T T T e . ]
3'5 | B _ \\\\ =
i 10f e smg b cepetl —m—— 3
Ty [ e e b S e, - -0 - ]
’5_37\ 8; @G-w\—\—u,g;!uf-‘é)fc")*“zs_"'_' E
% - i
‘1 6‘;_ ........... R - o o s e e o ]
Y R |
3} 4: g Sand 1
2¢ - - — == e — m e mm— e — - .
N 5 10 15

(A?)Q) alo> ay4l;

oz ayl) o (B Ol Sl 24 Y5

ol é.:.oL;.:o”J O, es ;o Gal 4 feoy dwdis mxha G5 e
S ) il aiz B s g0 1) Ty b Wlsiioe g ol 135,50
b e Sl o 2005 izran s G381 ((asetis alo> aygl;
sl 4z BB T Gl s 5 Ol o 535

Ot ez by @ 1y o pd S e 335 pKete il
@ Ty oo Cans axg BB Lilidl cwl adllas opl Bas g 4
Ol Cldse oS Sl stz g BB ames wa (395 5150 Ly ap
Ol og&e 3k )i op Wz ghaie he Glyie 4 ] dwaia
.J.Q;)sn

G355 5150 by @ T oy o 5 Ty Gil33) o 0 i
0gl) 3 e g (5050830 & 4y e dle> al; 0 il
B 1) by @ Tl o 58 U o 51, Ty a2 0y alo
ool az g BB Lo a5 amo e Lial381 109 sae

gy 50 B plp x5 5 alex aygly 10 Lag & Ty o Sl atey
el BT ol a0 15 ale> augly 10 964 il a0 10 ales
oslitul opls ghatie b glwoy 5l LS wgSe o3k Gmyg 0 09 b
1,10 las @ Ty oo s 8,Shes basl ol oy i 50 a5 Cal 0
sae 399z ;3 0l ahaite b (gl wngr (30,5 Sy rizman 15l
s 3 00 B yme Jrod )i dusdid a5 el J> jo oplcaal 10 55

B) VL s slow 4 Ty coyd Cand 35 2 o dmo o5

1 osledis A5 095 1394 1335 58 o e pSslSd Shodis



Obles 9 B e

U090 (53 (195 0 9 .\a.\;ch.n.a‘,&ab:ég)ﬂ' S 8doc (§33E (w32

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

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

[17] M. Sayed, H .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] MJ. Vafaee Rostami, Numericalinvestigation of turbulent over a
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.

1 ooleis A5 093 1394 11335 58 (w30 Sl uwiie

[9]1 N. Thouault, C. Breistsamter, J. Seifert, C. Badalamenti, S.A. Prince, N.A.
Adams, Numerical analysis of rotating cylinder with spanwise discs, in
The 27T 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] SJ. Karabelas, B.C. Koumroglou, C.D. Argyropoulos, N.C. Markatos, High
reynolds number turbulent flow past a rotating cylinder, Applied
Mathematical Modelling, Vol36, pp. 379-398 , 2012.

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

[13] N.M. Bychkov, AV. 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 a modified magnus wind

172



