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Aerodynamic optimization of a megawatt class horizontal axis wind turbine
blade with particle swarm optimization algorithm
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ARTICLE INFORMATION ABSTRACT

Original Research Paper This paper presents a fast and efficient aerodynamic optimization method for megawatt class wind
Received 12 July 2016 turbines. For this purpose WP_Baseline 1.5 MW wind turbine is used as a test case. Modified particle
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swarm optimization (PSO) algorithm is used in this study. PSO parameteric studies are conducted, to
increase both efficiency and speed of optimization cycle. Since in aerodynamic optimization, it is very
desirable to limit the number of the variables, in this study geometric class/shape function
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O:){;"r’;rzaiion transformation technique (CST) is used for blade geometry parameterization and the appropriate order
Aerodynamic of shape function polynomial is proposed for S818, S825 and S826 airfoils. Improved Blade Element
Horizontal axis wind turbine Momentum (IBEM) theory is implemented for wind turbine power output estimation, and validated

Particle swarm algorithm with experimental and Computational Fluid Dynamic (CFD) data of AOC wind turbine. The

aerodynamic data needed for IBEM is provided by XFoil software. XFoil output data for pressure
coefficient and wall shear stress which are validated against experimental and CFD data, are applied as
the aerodynamic input data for IBEM method.

The twist, the chord and 3 types of airfoil for all sections of the turbine blade are optimized using IBEM
method. Optimization is performed with realistic constraints to produce feasible geometry. The
performance of the final optimized geometry is simulated via 3D steady incompressible Navier—Stokes
equations coupled with Transition SST Model CFD simulation to predict the performance improvement.
The results show about 6 percent power enhancement for WP_Baseline wind turbine.
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A. Nejat, H. R. Kaviyani, Aerodynamic optimization of a megawatt class horizontal axis wind turbine blade with particle swarm optimization algorithm, Modares Mechanical
Engineering, Vol. 99, No. 9, pp. 9-99, 9999 (in Persian)
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°. Blade Element Momentum (BEM)
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2Non-Uniform Rational B-Splines (NURBS)
® XFoil

“Panel Method

® Bézier

®Rfoil

"Python

SWP_Baseline



Ll L) uea 9 lxs jusl

ENPXY fb.))l r:."‘._;_),ill Ol oslaiml b Silgle 03 sl 29%0 S a9 09 u.f.mha.\,)a_T Solwding

i i JUst (KxsT Joe -3-2
Gt Goge Jae jslite & 038 b & Mol 53 slelas
IS 8 ilsle cVls Sesliys 3 (33, o¥olbe o sl s,
1 Hg) 50

e S 5 e s o5 ° oy o Jland (Sxasl Joo
50 Saasl gla oo (e lisalsl Sl 5 guiadlys 51 [20] ol ous
Sl oo 1S s oslil Mgl S s PlR0gh S iy ccsllolas
5 oS S A ol Gl il > by i Jlasd
Sl Bagh S Jaa 5l by, ool 5o [20] cenl ooy (3ge ugSne
Joe @l 65 9929 b ogd oo coliiul Jlgs S0 by gjleands
69935 Olz el Dlasin 4 Jos (nl lps Soo3 4l ;0 Kagh S
3 o 5 Jal ST pasd us, onl el b a1 i
o)) Yo Sl 0 oo g skl =S Je 4l 3l 590 4l
el 0y 451 [20] ), Ko ¢ iie Guioss 4o b, o

3 ploojl (g lwainty (b9 y~4-2
ok S o el (glaigr sy S PSS pleol (il s,
e Gl B8 S S 4 (895 A5 (el el on a3 )5 Ll
S N 429 b S e (o el 0 08 pe S e S end
13 ons ald Condge (e g o> aliils 3 ous all Cosdge
w5950 51 e 55 IS e |y 355 S5 o e 355 elazl o5l

wils

s asdllas cpl jo o)l vezg Il ol (gileaigs
[21] el (5,4) Lailg, &y a4 el o olazul

— ..old local best 1d
vheY = v+ € xy % (pa o = p9I) + €, x
global best old
X (Pm,n — Pmn (4)
new — ,old ne
Pmn =Pmn + WX vmy’ (5)

- o new . .. ' .
Slade Pm,n «©,3 &0 Ump ol cs""’)"'i‘ o9 W g, u-i‘ RS

Gy 30 BleSh mje b Jie Bolas olaelTy 77 w)d

17 = . 16 S .

, lobal best
T R .Y

sl 0 0310 g 5 (g jldinge 0956 2SS jo el I3 S

| R local best
<lg> (2% Pmyn

9 o).S ASJ alsél> )0 9990

S ilwding 30 ooliul 3350 313! S slael 9 (&3l 03LT -3
Sorlew by oz jlael -1-3
2 g0 5 igdnl Sl oy @ly IS8 &b (Foeliew g, 50
gl 5o ol 5ok ools Gllall il ax o ove g S50 &b 3 S
ool 03l s =l Jog8 ! (o) HLad prdans g (VL) L5

ot (3 US) S b blis s oads ebate glalaz iz a4z Ll
IS5 50 .05 13 aslllas 5590 w3k oo odgib awais o] 8G ol
Galiseo sloaz o b JS gy Lawgs 825- ol oo ol sla bigd ! 4

7 Reynolds-averaged Navier-Stokes (RANS)
8 Computational Fluid Dynamic (CFD)
9 Shear Stress Transport (SST)
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' particle Swarm Optimization (PSO)
¥ Local best

 Global best

' Continuous

¢ Cognitive constant

*7 Social factor

bl sloygis, sl Ghey ool At 3 S sbml o Jsb cwx o
el (5 yeS B gl)ls oy Job yo ol Lad pLalS g YL (g IS
Se 2l T 350,58 Jaw Jols Lol 4y ks Ko slacgsgass 51 Sy
S 0 gl Sl sl 10 Slgl 5 LWl Glace s Ola 3550 b
osladl by b o oals S sbecusguse of, 4 Cawl (699,59 (slen
slp slezel JB Joo o plyie @ 008 b ay op ol S >
Sy n o3l (3b Gy 0 59 (Sl oy g (M o e Al

S 0,5 o Syge Dol 3l gloly e, ol 5l sl 5 S
b Caond o el S i, 5l e5b 2l ol il oo 35 ol Jolis
04 5 25,5 LWl ot cln 35l ol [15] oy Sy s
[18] * St LSy 1 3Ll 5 [17] 20 51 230l [16]

Jovz 5L higdl 1o lpop Ll &8 > ojluil oad ags
Giloaings Jsb 0 o5 o)ls Gl alox blsy yo (Sesludgnl culys
D9ds s b Sl liSle 5 b

059 dwdid (ydged (5 kol )by —2-2
wolbe Jla e olaws 0,5 dgame o Seoludgpnl (5luaigy &y
wsin 0300 sl slp [19] TSl hey Gt ol ol
L kol o sln (Soliow () slaiie 1SS 1098 o0 03litul 0y
Qo oo lad

e (B dwsrin oni lp G B o (Sl Sh9y 50
ools Lialed IS8 oo 51 eslitl b 15 ad olgiil 4l 5 dlas ad glass

gl a3 D ygar (Sl Ghg,y 09 o0

§=CW) xS@) +yAS 1)
cW) =P -y) @
< n!
S@) = Z 4; =) @-y)m Ty 3
=0

sz o Ap s Jisial 55 C Y= XIC 5 E=7IC 55 L, o
UKt 5 o @b i @S (1) 5 C (1) el Ponlisley (slalox

ol 00 g 25 [19] 15 Jawgs 535 & jge0 40 (Sl Ly, aiiun

[.eading Maximum Boanail Closure
Edge Radius  Thickness and Angle Thicknes
its Ux:auon/ \
-0.15 T " T T
0 0.2 0.4 0.6 0.8 1

W xXc
Fig. 1 CST variables for a typical airfoil

Jigo ! S sln Glow gy sl peiie 1 UK

! Tip-loss correction and hub-loss correction
? Glauert correction

® Tower influence correction

* Dynamic stall model

® Class/Shape function Transformation (CST)
® Bernstein
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mesh (left)
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! Camber line

2 Shear Stress Transport (SST) Transition

3 CFX

* Semi-Implicit Method for Pressure Linked Equations-Consistent (SIMPLEC)
® Intel® Core ™ i7-4702MQ
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Fig. 10 AOC 15/50 one blade domain mesh for CFD calculation (left),
the blade sub-domain mesh (right)
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Fig. 11 AOC wind turbine power output (kW) vs. Number of elements
(NOE) in 12 (m/s) wind velocity
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Table 2 Errors of implementing CST method for geometrical airfoil
modeling and using XFoil in WP_Baseline turbine power estimation
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Fig. 9 Pressure coefficient comparison between experiment, CFD and
XFoil data for S826

olio b i3Sl 5 lbone ¥l Saliys 5l ol s alie 9 S

826- ol Jushpl JLid o o1

29905 Glhgs ce b 5,060 Joo slp 4l p e 11.3 (639, 0L
Sledbl Laib oo DlgglS 50 oy oz e a0 g o dsly g aids
el oy 48l)] [24] Ko 5 ussSr G2i 50 Gty (] 59,5k

syl gos &S g odd 5,8 L o > asels I ule 10 UK
b 1y ey LI s aligl sl Gl S50 oy 51 eslial b on
bl S 5 0l (795 5 53959 S 5l o 4D sl e oe
a8 S y5 0y gk ply g pln 03iles cpln ez ojll 4 i 4
RO AW

03lo e 0 592 baulyd ) bg po SledbL (ol (i el sl
Cols glis)l slp 19a a oSy 5 (JBz 0,5 518 oolinal 0,90 (5l
eVl sz oyt 51 ([25] Lo law 5l sy 1850 glis) by
Sty 0 30 o D 3Lzl el oad oulas [26] 0 el suxie
ol plae (Kuas] wledbl as g S, 5l solinul b g coul oglate
Sire by o 9y p ool 0y50 (530 Lulpd lise Cesay [25]
Siro byd ey eVl 0Ly 50 adl (oo B33 pas Lo Lg o)l
bdastes )8 Vb g Sty Cend S Lo (25,5 )0 5 (63959 S
S 95 59y p eizen Sl sad 03y 1B ho s L2865
o bys K0 0y 50 392 Jdo 4 wilas 3 18 a0 120 a4l; L
sl o0 Jlasl S35

oS Fl b p3L 0515 5 Lhm el gam aw SYslas Sl > (6l
Jo 9y el oads oolinl 1,35 (o5 iy JUal (Soasl oo b ol o0

', Ansys ICEM CFD v14.0



Sl Ld) Suea 9 lmi ol

ENPXY fl.;.))l r:i'._;_),ill Ol oslaiml b Silgle 03 sl 29%0 S a9 09 uﬁol,u.\,)a_T Solwding

coyo g bl cob lads gaemme iy [32] O Sen 3 SIS b yo
shole gyl (g el oals slpring 4 g iSTas lade sloixl (6,50l
JERVIRR RCH - SCHSUORCH - SO Ve TIPSO LJNCHS P SO
Ol s
adoe Gl ) (e ggrtnr o (o pml 09 @
el 03 gdste JS)Q G u.u|)5| ceb YU G.»;u‘ 059 o
59 3 Tl o b el o olgring [33] o an g o8 udos o
ol ol syl g sl il alS g yas 4 g 0l oolaiwl YU o
ol ol ooges olgain 1, 0.8 5 1.2 i S bl azpe
wilre Gln et walye 3 Jaar o 00 sileange eisSl
ol 0ol &)l AliBes g lie jo gyl 35 9 6 S0k
Jolss @3 ploosl (gilwaigs (hgy cul o il adlas (gdsw ol jo
(ol sl 59 2 Rer e i aaly (S0 S (B slaws
A bl @ln Ll an ogdoo ploxl (F0,23000 Sy g (S5LS Sb
Gl el ool plosil 0y iomo arsly (gilwdigy o HBW, slaws
(Gilwdings 4w 52 0 el odl SIS 00 USG5l Baiy slass gl
Sheg @)l op iz 4l
gl Gl Loy (i gl el pae -1
op S 40 ax090 Loy agly iSlas -2
Sy90 gy 50 JKE b colps slas b oediy o Olasie slaws
. C -3 . &
32 0.9 51 syl e sl oad Ol 107 gileaigs (s, o Ken
el oo Sl 2y s el g asdly pals LL 0 0.4 4 L]
AL s el ooy abmpoks e 295 Ol Sue &b
15 JSs o a8 jablen sl oo ools lis Bus &l By slass
4 g 009 LS 090 diale (semins (glp odiy g0 JElas gl o cualin
|) L.S"‘)i"“n u'.a)).’ ulf».\;).l slaws )Jl 16 Js.mw..u G)L_' 0Ly 7 )| )
oiel38 bzl oals ools las 16 S o a5 jeblen s o LS
30 Gxizs b e Glolidl al 4 ol Kes e o 1 i B8 slass
Sygo 0kip 1 oolass b Ol pleojl g5luaigs by, b yielb ple 5,50
L @lXen glos » Qb ol 09 5 SIS ol STIT IS8 288
21 (0lg Gl SlgelS 23) et o020 07 ols (gl 039 1
20 oo ey JElas
el JBlas 3 ls cul 4 conle 0.4 Sl ooyl 0y 5,0 2
b oo
L @lSen gloy » (Fortdpe o pm 5 (Sl ol 118 S
app 5l e S5 4 (Fopidne S Gl ans e plis
s daly (S0 bl ly asl aee ol Kes Sliwlxe
3,90 +/40 5+ /5 5l g 4l L6 ax o up cla e ol
ol ool @l 19 USs o gleaige bl sl 48,8 13 )y
wsly Gl bl a4 olhed jeme (005 5 o agly Jlade po alisl

Yplus
0.30

0.27
0.24
0.21

0.18

t 0.15
0.12

" 0.09

"} 0.08
0.03
0.00

Fig. 12 AOC 15/50 y+ contour on suction side (left) and pressure side
(right)
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Fig. 13 AOC 15/50 iso-vortex surfaces with Q-Criteria = 56 (s"-2)
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Fig. 14 IBEM and CFD method power output data in
comparison with experimental data AOC 15/50
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proposed in different references
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comparison with IBEM and CFD
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