
 
 

University of Birmingham

Wind turbine aerofoils
Vita, Giulio; Kucukosman, Yakut Cansev; Hemida, Hassan; Schram, Christophe; Van Beeck,
Jeroen; Baniotopoulos, Charalampos

License:
None: All rights reserved

Document Version
Peer reviewed version

Citation for published version (Harvard):
Vita, G, Kucukosman, YC, Hemida, H, Schram, C, Van Beeck, J & Baniotopoulos, C 2017, Wind turbine
aerofoils: a mesh dependency study. in C Baniotopoulos, C Rebelo , L Simões da Silva , C Borri , B Blocken , H
Hemida, M Veljkovic , T Morbiato , RP Borg , S Huber & E Efthymiou (eds), Proceeding of WINERCOST'17 -
The International Conference on Wind energy Harvesting 2017. WINERCOST, Coimbra, PT, pp. 344-347,
WINERCOST’17 International Conference on Wind Energy Harvesting, Coimbra, Portugal, 20/04/17.

Link to publication on Research at Birmingham portal

Publisher Rights Statement:
Checked for eligibility: 27/03/2019

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•	Users may freely distribute the URL that is used to identify this publication.
•	Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•	User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•	Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 01. Mar. 2020

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by University of Birmingham Research Portal

https://core.ac.uk/display/267315185?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://research.birmingham.ac.uk/portal/en/publications/wind-turbine-aerofoils(9a5eeb39-21dd-4040-a3b5-7c6953dd80f5).html


 

 

 

 

LAR

 

Univer
Birmingh

Chris
Von Kárm

Br

 

A 
ae
co
(
av
Th
ac
re
(L
ne
tri
be
In
alt
th
Th
wi

 

               
1 Early 
Edgbasto
2 Early S
Kármán I
3 Senior 
Edgbasto
4 Associa
Dynamic
5 Professo
Brussels, 
6 Full pro
Engineeri
c.banioto

RGE EDDY

Giulio VITA1

rsity of Birmi
ham, United K

stophe SCHR
mán Inst. for F
russels, Belgiu

large eddy 
erofoil section
onditions (4-
=1.50×105÷

vailable result
his configura
ccuracy usin
equirements a
LES), which u
ear stall is ch
iggers transi
ecause of the 
n this study t
ternative to t

he Smagorinsk
he purpose is
ithout losing 

                     
Stage Resear

on, Birmingham
Stage Researc
Institute for Fl

Lecturer & 
on, Birmingham
ate Professor, 
s, Brussels, B
or, Environme
Belgium / jer

ofessor & Ch
ing, Univers

opoulos@bham

Y SIMULAT

1 
ngham 
Kingdom 

RAM4 
Fluid Dyn., 
um 

simulation (
ns is perform
20 deg of a
÷1.13x106). T
ts from the li

ation has bee
ng Reynold
and transitio
usually requi
haracterized 
ition or sepa
enhanced an
he alternativ
the traditiona
ky technique
s to optimize
accuracy. 

 

                       
rcher & Ph.D
m, B15 2TT, U

cher & Ph.D. 
luid Dynamic
Deputy Head
m B15 2TT, U
Environmenta

Belgium / chris
ental and App
roen.vanbeeck
hair of Sustai
sity of Bir
m.ac.uk   

 

TION OF W
A NUM

Yakut Ca
Von Kárm

Br

Jero
Von Kárm

Br

A

LES) study 
med. The DU-

angle of att
The resulting
iterature.  
en chosen, be
s Averaged 
nal behavior
res large grid
by the form

aration due 
gle of attack 

ve wall-model
al wall-resolv
 with vanDri

e the grid req

D. Candidate
United Kingd
Candidate, E

s, Brussels, B
d of Researc
United Kingdo
al and Applie
stophe.schram
plied Fluid Dy
k@vki.ac.be 
inable Energy
rmingham, E

THE
WIND ENE

 20-
Coim
  
Pape

1              

WIND TUR
MERICAL S

ansev KUCUK
mán Inst. for F
russels, Belgi

oen VAN BEE
mán Inst. for F
russels, Belgiu

ABSTRAC

of the flow 
-96-180 is inv
tack) with t
g flow patter

ecause it is a
Navier–Sto

r constitute a
ds and small 

mation of a la
to the adver
α.  
lled LES (W

ved LES (WR
iest damping 
quirements to

e, School of 
dom / g.vita@b
Environmenta

Belgium / yaku
ch, School of
om / h.hemida
ed Fluid Dyna
m@vki.ac.be 
ynamics Depa

y Systems and
Edgbaston, B

E INTERNA
ERGY HARV
21 April 2017
mbra, Portuga

er XXXXXXX

                      

RBINE AER
STUDY 

KOSMAN2 
Fluid Dyn., 
um 

ECK5 
Fluid Dyn., 
um 

T 

pattern arou
vestigated in 
two ranges 
n is then com

a challenging
okes (RANS
a complexity 

time-steps. T
aminar separ
rse pressure 

WM-LES) app
R-LES): the tw

at the wall. 
owards a mo

Civil Engine
bham.ac.uk 

al and Applied
ut.cansev.kucu
f Civil Engin
a@bham.ac.uk
amics Departm

artment, von K

d Director of
Birmingham 

ATIONAL C
VESTING 201
7  
al  

X 

                     

ROFOILS 

Ha
Unive

Birming

Charalamp
Unive

Birming

und a typica
attached and
for the Rey
mpared and 

g setup to be
S) technique
for Large Ed

The behaviou
ration bubble

gradient wh

roach is imp
wo approach

ore cost-effect

eering, Unive

d Fluid Dyna
ukosman@vki
neering, Univ
k 
ment, von Kár

Kármán Institu

f Resilience C
B15 2TT, 

CONFERENC
17 

       WINERC

NEAR ST

assan HEMID
ersity of Birm
gham, United 

pos BANIOT
ersity of Birm
gham, United 

al wind turb
d nearly-stal
ynolds numb

validated w

e modelled w
e. Also me
ddy Simulati

ur of an aerof
le (LSB), wh
hich is prese

plemented as 
hes will be usi

tive simulatio

ersity of Bir

amics Departm
i.ac.be 

versity of Bir

rmán Institute

ute for Fluid D

Centre, Schoo
United Ki

CE ON 

COST ‘17 

TALL: 

DA3 
mingham 

Kingdom 

TOPOULOS6

mingham 
Kingdom 

ine 
led 
ber 

with 

with 
esh 
ion 
foil 
ich 
ent 

an 
ing 

on, 

rmingham, 

ment, von 

rmingham, 

e for Fluid 

Dynamics, 

ol of Civil 
ingdom / 



 

 

c 
LE
LS
RA

SG
UR
WM
WR
α 

 

L
applicatio
other ind
shown to
accurate, 
of turbule
fulfilled s
This has 
stepping r

T
areas of 
refinemen
LES is d
improved
limitation
the accur

N
T

of the flo
This work
Birmingh
Kármán 
funded by
harvestin

a model 
implemen
introduce
turbine ae
configura
chosen is

dimension
domain in

=
ES =
SB =
ANS =

 =
GS =
RANS =

WM-LES =
WR-LES =

=

Large Eddy 
ons especially
dustrial and a
o predict accu

when specifi
ence in wake
successfully [6
a twofold reas
requirements,
The research 
concern are r
nt or further c
dependent on 
d Sub-Grid S
ns within the d
acy of the sim
Nevertheless, 
This work is a

ow pattern arou
rk is the outco
ham (United K
Institute of F
y the Marie S

ng of the wind 

In this study
wind turbine

nted for comp
ed. The aerofo
erofoil. It has
ations, namely
s based on the 

 
The comput

n is indeed di
n the accuracy

= Chord lengt
= Large Eddy
= Laminar Se
= Reynolds-A
= Reynolds n
= Sub-Grid S
= Unsteady R
= Wall-Mode
= Wall-Resolv
= Angle of at

Simulation (L
y when enhan
aeronautical ap
urate statistics
c fluctuating i
s [5]. Therefo
6], [7]. Howev
son: (i) the me
, as high-order
community h

recognized in
computational
 strict compu
cale models; 
dependency o

mulation. 
LES remains 
aimed to test 
und a wind tu

ome of a colla
Kingdom) and
Fluid Dynami
Skłodowska-C
energy” (H20

y, the ability o
 aerofoil in a

parison. The c
oil to be tested
s a thickness o
y the pre-stall
uniform inflo

tational doma
iscretized by 
y of results. M

 

NOM

th (m) 
y Simulation 
eparation Bubb
Averaged Navi
number (-) 

cale 
RANS 

lled LES 
ved LES 
tack (deg) 

INT

LES) is acco
nced accuracy
pplications, th
s for the calc
inlets are inve
ore, a large nu
ver, using LE
esh requireme
r schemes are 
has been wor
n: (i) the use 
l techniques [
utational setu
on the other

f SGS models

the best techn
the effectiven

urbine aerofoil
aboration betw
d the Departm
ics (Belgium)
Curie Innovati
020-MSCA-IT

MET

of LES to prod
a uniform sm
comparison w
d is the DU96
of 18% and a
led configurat
ow velocity 

ain is 2D for b
5-10-20 cells

Moreover, a bri

THE
WIND ENE

 20-
Coim
  
Pape

2              

 

MENCLAT

ble 
ier-Stokes 

TRODUCT

ounted as a f
y for the fluct
this also appl
culation of th
estigated [4], 
umber of app
S for actual in
ents because o
 often unstabl

rking on the o
of wall-funct

11]. The prob
ups, which th
r new compu
s to grid and t

nique to repro
ness of LES to
l, in order to b
ween the Dep

ment of Enviro
), under the E
ive Training N
TN-2014: Gra

 

THODOLO

duce accurate
mooth flow. B
will be based o
6w180 of the U
a smooth stall
tion and the s
and the chord

both computa
s in order to u
ief evaluation

E INTERNA
ERGY HARV
21 April 2017
mbra, Portuga

er XXXXXXX

                      

TURE 

TION 

fast-growing 
tuating statisti
lies to wind t
he radiated no
in particular r

plication with 
ndustrial flow
of the complex
le and need fo
optimization 
tions [10]; (ii

blem is then tw
he research is
tational setup
time-stepping,

oduce fluctuati
o simulate the
be used on the

partment of Ci
onmental and 
European Com
Networks (IT

ant agreement 

OGY 

e fluctuating fl
Both the URA
on the fluctua
University of 
l behavior [Re
stalled one. Th
d length  and 

ational techniq
understand the
n of the discret

ATIONAL C
VESTING 201
7  
al  

X 

                     

tool to be u
ics of flows a
turbine aerody
oise from aero
regarding the 
complex geo
s, still remain
xity of bounda
r a short time 
of LES requi
i) the use of 
wofold: on on
s trying to lo
ps are investig
, however this

ing statistics [
e fluctuating a
e response und
ivil Engineerin
Applied Fluid

mmission Fra
TN) “AEOLUS

no. 643167). 

low statistics 
ANS and the L
ating statistics 
Delft, designe
ef.]. The aero
he Reynolds n
is =1.5×1

ques, whereas
e effect of a q
tization schem

CONFERENC
17 

       WINERC

used also for 
are needed [1

dynamics [2]. 
ofoils [3]. LE
prediction of 

ometries have 
ns an expensiv
ary layers; (ii)
step to be con

irements [9]. 
a dynamic m

ne hand the ac
oosen up by 
gated to over
s has a major 

[9]. 
and peak char
der turbulent 
ing of the Uni
d Dynamics o
amework Hor
S4FUTURE -

will be invest
LES techniqu

s of the flow p
ed specifically

ofoil is modell
number range
05÷106. 

s in LES the 
quasi 2D com
mes is propose

CE ON 

COST ‘17 

industrial 
1]. Among 

LES was 
ES is also 
f the decay 

also been 
ve task [8]. 
) the time-
nsidered. 
The main 

mesh local 
ccuracy of 
proposing 
rcome the 
impact on 

racteristics 
structures. 
iversity of 
of the Von 
rizon2020, 
- Efficient 

tigated for 
ue will be 
pattern, as 
y for wind 
led in two 
e which is 

span-wise 
mputational 
ed in order 



 

 
to unders
bounded 

A series 
computat

 

hybrid to
importanc
separation
number in
 

 

ACKNO

Th
"Horizon
"AEOLU
643167). 
 

stand the pos
schemes. The

 

of LES SGS
tional models 

1 RA
2   UR
3 WR
4 WM

As the aim 
o structured gr
ce for the ass
n bubble. Fig
n the regions o

Figure 2. St

OWLEDG

he authors gr
n 2020", t
US4FUTURE 

ssibility of ha
e computation

Figur

S models is 
to be setup. 

CFD tech

ANS  k-ω SS
RANS k-ω S
RLES Smago
MLES Smag

is to setup a C
rid, will be im
essment of th
g. 2 shows th
of accelerated

tructured hexa

GEMENTS 

ratefully ackn
through the 
- Efficient har

 

 

aving an even
al Domain is s

re 1. The main

tested, comp

Table 1

Com

nique 

T 
ST 
orinsky y+=

gorinsky y+=

CFD framewo
mplemented a
he separation p
he structured 
d flow on the s

a block C-Grid

nowledge the 
Marie Sk

rvesting of the

THE
WIND ENE

 20-
Coim
  
Pape

3              

n more cost-e
sketched in Fi

n domain conf

paring them w

1. List of comp

mputational m
2

Pre-s

1 
=5 

ork to yield a
and tested wit
point and its i
mesh, with t

suction and pr

d for the pre-s

support of th
kłodowska-Cu
e wind energy

E INTERNA
ERGY HARV
21 April 2017
mbra, Portuga

er XXXXXXX

                      

effective com
ig. 1.  

figuration (Ca

with RANS t

putations 

models 
2D models –
stall 4deg 

 
 
 
 

ccurate fluctu
th respect of 
intermittent b
the adjustmen
ressure side of

stalled (a) and

he European 
urie Innova
y" (H2020-MS

ATIONAL C
VESTING 201
7  
al  

X 

                     

mputational str

 

ase #1) 

technique. Ta

– DU96w180
Stall 20

 
 
 
 

uating statistic
their refinem
ehavior as we
nts undertaken
f the aerofoil. 

stalled (b) co

Commission'
tive Trainin
SCA-ITN-201

CONFERENC
17 

       WINERC

rategy using 

able 1 summ

0 
0deg 

cs, different m
ment. This is o

ell as the exis
en to limit th

onfigurations. 

's Framework
ng Network
14: Grant agre

CE ON 

COST ‘17 

hybrid or 

marises the 

mesh, from 
of extreme 
stence of a 
e Courant 

 

k Program 
ks (ITN) 
eement no. 



 

 

REFER

[1] T
1

[2] D
fa

[3] E
A

[4] G
F

[5] Y
E

[6] H
cr

[7] H
st

[8] H
P

[9] B
b
B

[10] U
4

[11] I.
n

 

RENCES 

T. Tamura, “To
0, pp. 1451–1

D. Mehta, A. H
arm aerodynam

E. Manoha, B.
Acoustic Analo
G. R. Tabor an
Fluids, vol. 39
Y.-T. Wu and F
Energies, vol. 
H. Hemida an
rosswind,” Co

H. Hemida an
tructures arou

H. Hemida, C
Proc. Inst. Mec
B. Blocken, T
buildings: Rev
Build. Environ
U. Piomelli, “W
446, 2008. 
. Mary and P. 

no. 6, pp. 1139

owards practic
1471, 2008. 
H. van Zuijlen
mics: A review
. Troff, and P.
ogy,” AIAA J.
nd M. H. Bab
, no. 4, pp. 55
F. Porté-Agel,
5, no. 12, pp. 

nd C. Baker, “
omput. Fluids
d S. Krajnovi

und trains,” J. 
. Baker, and G
ch. Eng. Part 
T. Stathopoulo
view of wind-t
., vol. 100, pp
Wall-layer mo

Sagaut, “Larg
9–1145, Jun. 2

 

cal use of LES

n, B. Koren, J
w,” J. Wind En
 Sagaut, “Tra
, vol. 38, no. 4
ba-Ahmadi, “I
53–567, Apr. 2
 “Atmospheri
5340–5362, D
“Large-eddy s
, vol. 39, no. 
ić, “LES stud
Wind Eng. Ind
G. Gao, “The
F J. Rail Rap
os, and J. P. 
tunnel and CF
p. 50–81, 2016
odels for large

ge Eddy Simu
2002. 

THE
WIND ENE

 20-
Coim
  
Pape

4              

 

S in wind eng

J. G. Holierho
ng. Ind. Aerod

ailing-Edge N
4, pp. 575–58
Inlet condition
2010. 
ic Turbulence
Dec. 2012. 
simulation of
10, pp. 1944–
dy of the influ
d. Aerodyn., v
e calculation o
id Transit, vo
A. J. van B

FD techniques
6. 
e-eddy simula

ulation of Flow

E INTERNA
ERGY HARV
21 April 2017
mbra, Portuga

er XXXXXXX

                      

gineering,” J. W

oek, and H. B
dyn., vol. 133,
oise Predictio
3, Apr. 2000.
ns for large e

Effects on W

f the flow aro
–1956, 2010. 
uence of the n
vol. 98, no. 1, 
of train slipst
l. 228, no. 1, p

Beeck, “Pedes
s and their acc

tions,” Prog. A

w Around an 

ATIONAL C
VESTING 201
7  
al  

X 

                     

Wind Eng. Ind

ijl, “Large Ed
, pp. 1–17, 20

on Using Larg

eddy simulatio

Wind-Turbine W

ound a freight

nose shape an
pp. 34–46, 20
reams using l
pp. 25–36, Jan
strian-level w
uracy for win

Aerosp. Sci., v

Airfoil Near S

CONFERENC
17 

       WINERC

d. Aerodyn., v

ddy Simulatio
014. 
ge-Eddy Simu

on: A review,”

Wakes: An LE

t wagon subj

nd yaw angle
010. 
large-eddy sim
n. 2014. 

wind condition
nd comfort ass

vol. 44, no. 6

Stall,” AIAA J

CE ON 

COST ‘17 

ol. 96, no. 

on of wind 

ulation and 

” Comput. 

ES Study,” 

ected to a 

es on flow 

mulation,” 

ns around 
sessment,” 

, pp. 437–

J., vol. 40, 


