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Investigation of blade rotation direction.in two in line turbines using large eddy
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study Large Eddy Simulation method has been employed in order to investigate the effects of
Received 13 September 2016 blade rotation direction of the downstream turbine in two co-rotating and counter-rotating
Accepted 02 November 2016 configurations. The acquired results are in good agreement with presenting experimental data in

Available Online 18 December 2019 literatures. Counter-rotating configuration is used in order to investigate the effect of blade rotation on

the efficiency of downstream wind turbine. The results show that the efficiency of downstream wind

\f\?mot[ﬁzme turbine has increased about 4 percent without any change in wind farm layout and type of wind turbines.
large eddy simulation The upstream wind turbine absorbed a portion of wind energy. Hence the streamwise velocity is
turbulence flow decreased and lateral velocities are increased in downstream direction. The flow behind the upstream
Smagorinsky subgrid-scale model turbine is rotated in the same direction with downstream turbine in a counter-rotating configuration.
This is why the efficiency of downstream turbine is increased in a counter-rotating configuration. The
results of the present study show that streamwise velocity profile is almost identical in both
configurations, while lateral velocities are changed considerably. In other words, the better efficiency of
wind farm could be due to the lateral velocities. Hence, the efficiency of wind farm could be increased
by decreasing the distance between two consecutive wind turbines in a counter-rotating configuration.
5les nl sl o935 (glofag ol 5ol (6551 pdyasazs slass docnio -1

&5 Ol ol 53 03,58 j5b 4y 5 05 (e Cons (ST sipl eals il 1) 5550 s 3 sl o @5l ws) a s, Lol
3 e (ke Lo sl oo 55 o0lisal B ol (550 o b [L] el ond o ) anile @il e gl s glocssw ol
2 &5 Ll Gl e 4 g0l 2] e Gz Bran 5 g 08 il )S (ol ke 5 8 ST 65 S e 555
Lis uls )3 50l g)l5 3 3L slocnnyst s dnmyy 3l sladle ighise pleS (535, 5 G500 sgame alie e slacS s 0l e
Ot oo Blee hed Sl g sl Rl piynass slags

L wind farms

Please cite this article using: S lod o3liw! Jo3 @yl 1 s cwl 4 gl sl
A. A. Veisi, M. H. Shafiei Mayam, Investigation of blade rotation direction in two in line turbines using large eddy simulation, Modares Mechanical Engineering, V0l."16,'No: 12, 'pp-
467-478, 2016 (in Persian)


www.sid.ir

(b Rl (pam SaXo 9 g Wl (yrel

S50 RIS HT S lwdgus Ghg) &y pu ndiy S RI95 93 Sl ORI LIS 3 Ix JET a

Jsb 5 laslyen I3 S5 Gloals 5 (giluand Jbg, 5l eoliul b
4 obows slp oS wisls las 5 ools 18 aslllas 5y90 1) (s3b ac)je
Elre o sl g Sy 5l eoliiul 4y 5ls Legy) gudgs ojad piSTas
b 8l 5920 ol crnyg S Jo> by [2] oS 5 (I asibies g3k
Gl 3 RANS 5,555, 90 L (s055 ol oy sl glace
1545 wase olti bl cllllas s adllas 1, %00 lar slaals 5
oiales 3 el lax slaals 5 iluand b Gl YL slacee
) 65 RANS & cons ol e slooy 5l oads lax slaals 3
S5 dlss slbaarie okl adlllae ST 5o [10] ol 5en 5 o9,
Ao Gz ok s Ko g JAbSe (B 8 0l G end ool e
o3l Joa il Lt o] i, aslllas calises (Kool o o Ll o
i sepd 43k s Sl po |y allss SRl (5 2 d enls
e lp ikl andllas G [11] ol Kes 5 Sb 0S5 o (i
s ey 3l ead b (male aaIS,T s 5 55 USE 1005
51 oolitnl b1, (8l j9me ol urye G [6] o)) e g Sl sols plovl
o3 dlis 4l aisls Gl lagl .ais S adllas PIV alKiylesl o,
oy slroy el e 2ma b slaal 3 Glisgas L g0l u e
gbien axtlit aasl by ladasie wab Seal 5 S, é
sz ok B 4 5995 0k oz (Suadl ot [12] )Sen 5 lasle
5o a8 Wals las g ools 1,8 daslllas 800 |y oL o ye8 Cewd s jo allse
Debise b e allis asb Y Sasl o

Wlis 4ol e 0o jokte 4 Slgl8 Sllllas 0l S5 a5 joblen
Sial3dl b el st alonil 65l gl5e (ial)T 5 ol slamst o alold
Sledez b lie GBI oL asy5e 205k Sk (i 50 G alols
6ok @bl ;o &SI o o)l i glad 4 gl ol 4g)5e
b 5o @l Comal ISt (nl U g)0nl 5l0ls S92 Lad Cyagazs
Gy S S JSae gl U sle i) S o)l ssl gl
B ok s Sty Gl gl piege Sl elol ool e
m o Camdiml 3 s gy onl 5 [1L6) 05 e 0 A3 2 cum
eVl 0l (g8 S IS ST 0iS o ol 3l oy (o350 Wlgs
RESP

2 s a1l 5 1 s al My ol Lol s ol 5 ol aalllas
a2 S b ok g o e ok bl [14,13] ail.
Sloce 0 (058 oS g 4wVl 51 SN a5 2 e o Sielusly
e adllas Syp leal S gleand g, 4 oglite g0
T 53 i 05 2o 3,8k Sz 50 45 S 0l st S e
0055 4l kol ey il Gloogy 0sdise (smyp Bl i e
O 99 Jo> Gl e iload Slml 5 Sielusly ok s sloon
PEr Sz g Blae i3z Cez oS 90 b e oy b
O abold rals ST el ogdle (1 JSC8) wigd oo (gjldnd il
Sl Zhb )3 mae sloyeSL 5l (S 0sd e asdllas 5 ok (e 90
oz S 0 Mlse b Sla )98 e sl 5l 3550 (sLAS (3L
b g)lye (2ojl all 4 e alax alols palS Bilge 252
e ol ol Al i3 Ca S 0 Sl wsdi e
Oz 5 el 3 wlgioe fol> I @l Sedioe o35k (ll 4

*DES
® Helical tip vortices

12 o plads 16 055 1395 il yorde ilSe uudige

el 0das Alwd 90 4 Ol slam s ul w85 E axgl o)
b s WSz B peme o Jom oS (B jome lam e gt
25595 45 $390e 978 slam o5 [3] 2ilbige 0k sboim,ss €95
S b 4 3l boms (l WNshioe el S390s D50 4 Lo
7 Sk ey seony Jo> 0l il ok Bl 4 Cens 252
JPTUERE N PESCTIC VL YN S DT SRR P R U N FEL g+
5 S o obml ol st jsmme J5> 655185 5l il oy 59y 2 1
5 oy’ S0 Wi Caond 55 4 allis axliogs o o] Lis > cely
ol o Spo dlis amb [8] ol ond e 2oy 51 90 Al
5 oy dwain Sl 4l ol 5o el by 6 585, 5lad 2130 1
Sl )s e SRy SN R Db oy 5l oad b laals S
ol S o e ails oy ad 5l oad lir slaads S 8l e ol
slaals )3 .l ool sbml 0,y (i gmraling 4 5 Cul o b laals )5
S5 bl [B] wrtl e o Gilasyl 5 g adgs sl oy 3l eas o
sohaie 4 Candiml o g ol 8 5 bals S s, 0jse o
L olsiie 1 ol golie i S5z50 BOT 32 3l o)l s eeS
obyr Sl S8 olea 58 sileangy (Suasl gla)lisle o)
Ol jshite 4 (ST o)l Gk 5l ool sleimys Sl
4>l iond ol Cundppmly 40 090 adlllas ilgi oo o0k £5l50 (2051
awain bl a0 alss 4l [0 0ed 0 iy pxi (0L Guyed 3l o0 allds
oty Alis il o sl b ag I 65T Coedl 5
akete Ll canoml ol e cids o il e eVl ol
b Grays lawgs ol (6551 5 (glde w0l ST ok (i Sy o
Sk 55l Prme 30 ewdimly Sl rays gycn! Sl eostee i cewsVL
O O T BT RN SR e PR SPYA ERVAPEI
08 @ @A el el Ce iy S b el Ok Gy
asdllas 00 ;53 Vs 4y amgi by ol CessVU Cyan g8 5y syl
OiSer yy Sl malS jslate 4 ol (el Cawo gl jo Allds b pilS
6] 515 (o5l el (0L & )150 0 Shae (Bo5L iul53l g Alss
Ol Ol S o sshite 4 ()l (2L LT 5 o0 Slalllas
ke el 485 S50 (B jeme Sl (s Su ewdimly o
ey Glowe ol a4 Wleo,S ooliiul RANS g, 5l cliiss
S wd sk 4 gl Ce Gl Sl Gloj 0ad (6 lamgte
by 'S 5 Slaalo S (silotent s 5080 3l el S ol e
e 5 gorgl ol 0ol Slering S ool Jo sl 6ol Gl
Sl oslisl L llis (2,28 5 5l 2 0l S s Sy gusy 2 42 [7]
gl sy o) e Jae 5 Sip gleals S (siluans (s,
nble sbals I ol e Soop alis a0 a5 Wo,S cvalise
2 Soasl glalisle ol a5 05 o slml () slooy Lawg sk
Sl S 4 s 5l a0 Alis 4l )5 5 Wed oo bl Alds 4l
Obsy 5l ool L [B] oSen 5 J5T isy sigh o SSE (5 SzsS
L) ol ae,50 5l 0ni)dS (6 phenil (550 aY S loals 5 (s5luars
53k oo 2k mlBl lp Wl bl @bt W ,S s
[9] ()l5on g cygnl 10,25 51,58 oslinl 3,90 (53L Sloym 95 yoe il

! Near wake

2 Far wake

3 Turbulence intensity
“LES

468


www.sid.ir

(o Rl (pan Saxo 9 g Wl yrel

S50 RIS HT il o) &y ad pu aidiy S r95 93 B aI9S OIS )P i Il 0

Universal equilibrium range
Energy-containing
range

|

|

|

|

Dissipation range Inertial subrange :
|

L

|
|
|
|
T

T T T
n {)Dl [EI [0 L
Fig. 2 Eddy sizes at very high Reynolds number, with various
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Fig 5 Wind tunnel placement of two in line turbines.
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Fig 6 (a)computational mesh for a single wind turbine (b) typical mesh
around the blade surface.
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Fig. 14 Comparison of time averaged turbulence intensity profile (a)
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rotating configuration by separation distance of 1D
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