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Figure 1: A) NREL S809 airfoil. B) NREL Phase VI wind turbine

! Blade Element Momentum Theory (BEM)
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3 NREL Phase VI

4 National Renewable Energy Laboratory (NREL)
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Table 1: A) NREL Phase VI wind turbine specifications
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2 Moving Refrence Frame (MRF)
3 Periodic Boundary Condition
4Velocity Inlet
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Table 2: Grid study results
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Figure 4: Left) Spanwise view of the computational grid. Right) Computational Grid over a
intensity near leading edge and trailing edge
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Figure 5: Comparision of numerical Cp results with experimental data over different sections.on wind turbine
blade.
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Table 3: Geometric specifications of designed blade tip Add-ons
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Table 4: Results of torque and output powers on geometries 1 to 8
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Figure 10: Isosurface Q-crit

el 0y gy 5l o oSS

S 09hon pateine (Ysawain) jLid mhaw sazdl 5 5 () awaie) L o oA Sasleals 5 salls anlis

> sloadl> b 5 gocx
S3b o Viganain ¢

olidl Gl g0 s A sawasn 5l YL TVT g s o S ) gawass 5l YL
Jr ol 28 6ok s S99, » V)Lid mhans (gazdly I (glaig 38l el oS Cuslins oyl Az ¢

cl zll) O (sawin 55y 5l Jgaz saalllao b (rizeen a0 050 (2 B e 2 ) O
Fsdmdid & (0,50 L )led gl azdl) ¥ (awiin (55 (e 5 ¢ (9,50 (g (S s azll) Yis4

\#



83 ol @b g 50 VM8 e b Ble (> w3y g0 45 Sge (6505 A g o (0, Kk b (5 s azll)
) V gawain Gn 5l prizen e il S e (gazdls 4 G I8 Sgute 50 e 9,Ses LA e (el
Vgandio d (R L (S gl azl) £ (gawiid (5550 5«05 s )Lid gl azdl) O (gamiin a4y (0K b ,Lid o
3 38 kes b amd e Al oy Ol SRl (e S0 SKde aygly 45 098 e cdaline ¢ (05 e (e glaw axll)
g0k 2 SRS s 4 andl o5 col gadse (nl Ll deazdl b avslie )5 (oSl 5 atdly sl S slaanae

D)8 oo ales g adly slaitel Sgi g S )L Sl e 3, 8es w0y S )0 JLad g LadeS oL LIS als

G —F

Slotadisly gl Ve Seald (ol Olg Rl 2 0l (i s Sy sawain Jl ) jshite 4 Ghagh cpl 5o
Jsl o5 50 g0 S @bl i) slie oy Slsie 40 7 56 il ok g son A 4S5 4 () ST sladigil 5 0y
SV o1 o i it o 25 5 b o ool o 5 0,8 e 5006 S S & L 02 sl ol
b dglie Lo g0y b by go0e o gl g wisd adlol Lo g0, Sgias g o>y

s Sl 031 55 0l oy 7o (Y (54mtid) odisds Sy 55 533l 45 05 sunlie cnsin Al sy
15 wsllas il Llie ;o Lol wogll @l ) Soms o5ty codigzdl o b dumplio ;5 30 (¥ ghusiit) cosiS L (inl .oyles
5 g sloenll b alifs LB slocrll il ¥ il s 55 0 sanlin 123 oo 5 25 g (sloasll ol
ol 055 5l e 0 Ses (Fodoae Ll sV gawain 5 Foawan Jlas 0 0 gawam) alie o,Kac a4l 5 glads L
@ Sy gawap sazdl Col g o Sgi o o Shee (n e ar s 6l a5 05 blaul aisSul Gl oo @l cnl 5l sl
ol g Sl i 58 31 L sl s 0y S el b 55 b b ol etV LS s e
b o slal Cadgasma b (25 2 s (e @ e Lse n Ol s 4 058 (b (A8 o Cao 4 4zl STaS 2
boazdl ool adeie D LY 5 ¥ L7 sloanasaficadlio b g gaigitl o Shoe o Kde gausly Sl (o) 53 5 o0 42150
3,19 dgas Gzl 4 S (e 3, Shos 0, Kde s,

azdl cawain (g, (oo lis ;5151 aS ol il |, aifles p a8 SKbe aygly b jLid mdaw asdl aigidl Vol gl o
sokite & )b el Ceans @ a2l 4 5 el 0 Khe Wy il s Lags 5 il (g 2 390 slodstin plo & Cons
S restle BOT (50 Sgi 4 (sl TA (saigidl (ul o 87 LAl &5 ol azg (LS Lol 98 sddsi Ol (2l B
oy S5 Shwiip azgi BB 23U gosims (lad oS ol Gl BIIANY 5l (e L@l sods Ol olsiies £ 56 Um0l ol ey
Sl O 5355 Ol 2 oy

XL
[1] M.M. Hand, D.A. Simms, L.J. Fingersh, D.W. Jager, JiR. Cotrell, Unsteady aerodynamics
experiment Phase V: Test configuration and available data campaigns, NREL Technical Report-TP-
500-29955, (2001).
[2] D. Simms, S.J. Schreck, M. Hand, L.J. Fingersh, NREL Unsteady aerodynamics experiment in
the NASA-Ames wind tunnel: A comparison of predictions to measurements, NREL Technical
Report-Tp-500-29494, (2001).
[3] N.N. Sgrensen, J.A. Michelsen, S. Schreck, Navier-Stokes predictions of the NREL phase VI
rotor in the NASA Ames 80 ft x 120 ft wind tunnel, Wind Energy, 5 (2002) 15X-169.
[4] E.P.N. Duque, M.D. Burklund, W. Johnson, Navier-Stokes and comprehensive .analysis
performance predictions of the NREL Phase VI experiment, ASME 2003 Wind “Energy
Symposium, (2003) 43-61.

\Y



[5] Y. He, R.K. Agarwal, Shape optimization of NREL S809 airfoil for wind turbine blades using a
multi-objective genetic algorithm, International Journal of Aerospace Engineering, 2014 (2014) 1-
13

[6] M. Kaya, M. Elfarra, Optimization of the taper/twist stacking axis location of NREL VI wind
turbine rotor blade using neural networks based on computational fluid dynamics analyses, Journal
of Solar-Energy Engineering, 141 (2019) 1-27.

[7]M.A. Elfarra, N. Sezer-Uzol, 1.S. Akmandor, NREL VI rotor blade: numerical investigation and
winglet design and optimization using CFD, Wind Energy, 17 (2014) 605-626.

[8]'N. TobinA. Hamed, L. Chamorro, An experimental study on the effects of winglets on the
wake andperformance of a model Wind turbine, Energies, 8 (2015) 11955-11972.

[9] J. Johansen, N.N. Sgrensen, Aerodynamic investigation of winglets on wind turbine blades
using CFD, Risg National Laboratory-R1543, (2006) 1-17.

[10] M. Azizig A, Jahangirian, Multi-site aerodynamic optimization of wind turbine blades for
maximum annual energy production in East Iran, Energy Science & Engineering, (2020) 2169-
2186.

[11] J.E. Bardina, P.G¢ Huang, T.J. Coakley, Turbulence modeling validation, testing, and
development, NASA'Technical'lReport-TM-110446, (1997).

[12] M.M. Yelmule, E. Anjuri \/SJ, C. Author, CFD predictions of NREL Phase VI Rotor
Experiments in NASA/AMES Wind tunnel, International Journal of Renewable Energy Research, 3
(2013) 261-269.

[13] N. Zeynali Khameneh, M. Tadjfar, Improvement of wind turbine efficiency by using synthetic
jets, ASME 3rd Symposium on the Fluid Dynamics of Wind Energy, (2016) 1-5.

[14] E. Ferrer, X. Munduate, Wind-turbine blade tip comparison using CFD, Journal of Physics:
Conference Series, 75(1) (2007) 1-10.

[15] R. Giridhar, Prediction of aerodynamic noise generated by wind turbine blades, M.Sc Thesis-
University of Kansas, (2016).

[16] K.G.V. Ramachandran, An aeroagoustic_analyses of wind turbines, M.Sc Thesis-Ohio State
University, (2011).

[17] M. Ghasemian, A. Nejat, Aerodynamicnoise prediction of a horizontal axis wind turbine using
improved delayed detached eddy simulation and acoustic analogy, Energy Conversion and
Management, 99 (2015) 210-220.

YA



A Numerical Investigation on the Effect of Blade Tip
Shapes on Power Generation of a Horizontal Axis Wind
Turbine

Amirhossein Rouhollahi?, Alireza Jahangirian®', Masoud Heidari Soreshjani®

2 Ph.D. Candidate;'Department of Aerospace Engineering, Amirkabir University of Technology (Tehran
Polytechnic)
b Professor, Department of Aerospace Engineering, Amirkabir University of Technology (Tehran
Polytechnic)
¢Ph.D. Candidate, Department of Aerospace Engineering, Amirkabir University of Technology (Tehran
Polytechnic)

ABSTRACT
A novel way to increase the generated<power of an available wind turbine blade without changing the base

shape is to add proper tip add-on to the blade. In’this paper, seven tip add-ons are added to the blade tip of
NREL Phase VI wind turbine, and their effect on generated power is studied using Computational Fluid
Dynamics (CFD). RANS equations are used with k=@ SST turbulence model to simulate flow over the blade.
Generated power comparison shows that Taperedtip add-on.does not have a notable effect, and Sharktip add-
on increases output power for 4%, which is a minerincrease comparing to other add-ons. Suction surface and
pressure surface winglets (without sweepback) increase power for respectively 5.23% and 9.6%, which shows
the superiority of pressure surface winglet over suction surfacé winglet. Afterward, sweepback was added to
winglets, showing 11.87% and 13.25% power increase for suction surface and pressure surface winglets
respectively, which shows the positive effect of sweepback angle in«generated power increase. The comparison
shows the superiority of pressure surface swept winglet add-on over other investigated add-ons, which can
increase generated power for more than 13% by adding only a 28.em@dd-on'tothe base blade with a radius of
553 cm.
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Blade Tip Geometry, Computational Fluid Dynamics, Wind Turbine, NREL Phase VI Blade
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