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Abstract

In this research, Blade Element Momentum theory (BEM)sed to design a HAWT blade for a 300 kW hartabaxis wind

turbine. The airfoil is Risg, produced by RIS@ Natibhaboratory, Denmark, for a class of 300KW winabines. Design
parameters considered here are wind tip speed ratiminal wind speed and diameter of rotor. BEM s&difor obtaining
maximum lift to drag ratio for each elemental cinsibn of the blade. Obtaining chord and twisttdimition at assumed tip
speed ratio of blade, the aerodynamic shape oblde in every part is specified which correspomdnaximum accessible
power coefficient. The design parameters are trosfficients, power coefficient, angle of attackgk of relative wind, drag and
lift coefficients, axial and angular induction fart. The blade design distributions are presenéegug rotor radius for BEM
results.
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1. Introduction

The potential energy of wind is estimated to beuatE00OMW in Iran [1]. Two sets of 500 kW Nordtanknd
turbines were installed in Manjil and Roodbar i®49They produced more than 1.8 million kWh perry&hese
two sites are in the north of Iran, 250 km from fieeh) the capital of Iran. The average wind speddim/s for 3700
hours per year in Roodbar, and 13 m/s for 3400shpar year in Manijil. After this successful expece, in 1996
the contract for 27 wind turbines was signed aral tivere installed by 1999 in Manijil, Roodbar andrzdail.
Harzevil is the third wind farm site near to ManManijil is about 800 meters above sea level andéial is about
500 meters higher there are 21 installed wind habin Manjil, i.e. 1x500KW, 5x550 KW and 15x300 RN

Semnan province is 95 815 knThe province with 5.6% of the whole area of lisithe sixth big province in the
country. Semnan is located between N34°40' -N37&tiude and E51°59'-E57°4' longitude [3]. Thevinoe of
Semnan is bordered from east by the province ofr&tan razavi, from north, Northern Khorasan, Maaazd and
Golestan provinces, from south, Yazd and Esfahawipces, west, Tehran and Qom provinces. The ceofter
province, Semnan is located at 228 km from Tehrahthe distance from international waters of Per§alf and
Caspian Sea in turn is 1600 and 200 km. This poavincludes 5 townships, 13 districts, 18 citied a8 villages.
According to the latest statistics in 2001, theyagion of the province is estimated to be 558 0@ 73.5 percent
were in urban area and 26.5 percent were ruralleiggld]. In general, the dominant prevailing wiimdthe area is
blowing from the northwest to the southeast anaaled Tooraneh. Also other winds in the provinedled
Shahriari, Kavir and Khorasan winds, blow from wesiuth and east to west in different seasons efytar,
respectively [5]. Detailed statistical study of wiat 10m, 30m and 40m height in Semnan provingedsented in

(6].
2. Aerodynamic of a Horizontal AxisWind Turbine (HAWT)

In the development of modern commercial wind tuebirthe size has contiguously increased to thstlatalti-MW
turbines. Generally, the two fundamental objectiwéshe design of a HAWT turbine are to maximizg annual
energy production (AEP) and to minimize the costimérgy (COE) produced [7]. In order to maximizthg power
coefficient, Cpay the blade shapes should be enhanced with ratge toot chords and taper and relatively much
blade twist. With raising size of rotor the roobcth started thicken and impels to investigate ampction methods
and transportation possibilities on land. Glau8ttifitiated the calculation of the optimum windhbly making the
power integral equation stationary. The resultimplicit relations between the velocity inductiorctiars were
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solved by an iterative procedure. The detailedgitesi a wind turbine was relevantly described taldeodels of
rotor aerodynamics and optimization techniquesdP-Ih these investigations, optimization methods described
where a single objective function considers as \aeleach time with their constraints. There areumlver of
research works dealing multiple objectives, nammbximum AEP and minimum COE, is addressed where AEP
and COE are combined by means of appropriate wepghtents. Fuglsang and Madsen [12] presented a
multidisciplinary optimization method for designimgrizontal-axis wind turbines. The objective reqdiin their
method was minimizing the cost of energy with npléticonstrains that their optimization techniques walidated

by an under test 1.5 MW stall-regulated rotor. Alsmlsang and Thomsen [13] incorporated the siteatteristics

into the design process of the 1.5-2.0 MW wind inglyotors in various characteristics of terrain.

A multi-objective optimization method to designtallsregulated HAWT was depicted by Benini and Badf [14]
based on the coupling of an aerodynamic model @ingpwith the blade element theory and evolutionary
algorithm. The main results obtained indicate ti&t minimization of COE requires large-sized HAWAaving
high AEPs, but low blade loads and low blade weigitmpel and Molenaar had described a cost eféetiéxible
system for wind turbines [15]. Jureczko et al. [b&ld presented optimizing using the varying charéastics the
wind turbine rotors in the blade structural pararesuch as stiffness, stability and material weighe effect of
changing the rotational rotor speed on the powefopaance of a stall-regulated, horizontal axis dvtarbine was
investigated experimentally and theoretically byakhllah and Koliub [17]. Dong et al. [18] has us@d optimized
design method based on Wilson and Schmitz anatysthods choosing principles of design parametedsnaunti-
airfoils in horizontal axis wind turbine (HAWT) gerator system. The design results show that HAWiTméped
design method based on Schmitz makes good agreevitaWilson method. Wenzhi et al. [19] designet.a MW
wind turbine blade's profile based on BEM theomotlgh improving on the Wilson algorithm and coriregtthe
airfoil from the structure and processing angleddng et al. [20] optimized wind turbine blades lthem an
aerodynamic/aero-elastic code that includes thetsiral dynamics of the blades and the Blade El¢fementum
(BEM) theory.

In this paper, Blade Element Momentum theory (BEM)sed to design a HAWT blade for a 300 kW windbire.
The airfoil is RIS, produced by RIS@ National Ledtory, Denmark, for a class of 300KW wind turbines
Desirable properties of this airfoil are relatedgtdhancement of aerodynamic and structure intersti

2.1. Rotor Design for 300 KW and Pitch Controlled Turbine

In high wind speeds, it is noteworthy to be ablecémtrol and limit the rotational mechanical pow&he power
limitation may be done either by stall control,cpitcontrol or active stall control. Pitch contrgiseem in wind
turbines have become the more applicable typestélied wind turbines in recent years. For low wapeteds, the
speed controller can continuously adjust the spédide rotor to maintain the tip speed ratio contsta produce the
maximum power coefficient, and to improve the éficy of the turbine. For higher wind speeds howepitch

angle regulation is required to keep the rotatiosaded constant. Small changes in pitch angle ednce
considerably the power output. Therefore, the psepaf the pitch angle control may be expresse@B23]:

1. Optimizing the power output of the wind turbine.

2. Regulating input mechanical power to avoid edagg the design limits. Above rated wind speedctpidngle
control provides an effective way to control theoalynamic power and loads produced by the rotor.

3. Minimizing vibrations and fatigue loads on tlebine mechanical component. Avoiding a generfxtim over

speed by controlling the input mechanical torquepitthing system has the advantage of activelyrodling the

input mechanical torque. Although the acceleratibthe generator has been limited by the pitch rednthe speed
of the generator may rise again after the contrale been removed.

Design is begun with choosing of variety parameténotor and an airfoil. The primitive blade shapaletermined
using an optimum shape blade considering wakeingtatltimate blade shape and its performance peeified

with iterative relations and including drag, tipsé®s and ease of manufacturing. It is also wortphasizing that
with more accurate aerodynamic coefficients at hagfack angles, the more accurate design and peafare
prediction can be obtained. But the aerodynamidfictents of a rotating airfoil are different frotme ones of a
linear moving airfoil. The coefficients from windrtnel testing are acceptably accurate in steady, fiut not in

stall conditions, these coefficients are alway& laicaccuracy or there is no coefficient measuteetay high attack
angles at all.

In this project, the RIS@ type airfoils is used][24 this class of airfoils, the different famiieof modern airfoils
applied in wind turbines, are verified that witlyaeding verification of criteria relate to desigiwvand turbines, the
airfoils RIS@-A1-24 FFA-W3-30kFFA-W3-241DU93-W-210, were proper choices from which RIS@-244s
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selected in this work. The experimental resultR8J-A1-24 are related to open test part of VELUKadvtunnel
measurements with 1% turbulence. Details of thests tand measurement instruments are given in f2§. the
tests were carried out in the Reynolds number etpdal.6x106. The numerical results show a relageed
agreement with experimental results. In the limegion of lift coefficient, the simulation with tnaition model is
nearer to experimental data, while computationalults of quite turbulent flow are nearer to stadgion.
Simulations with transition model predicted stalla higher angle attack than the tests. In ouryshamvever, the
results of the transition model simulation is a@dapfor better accuracy in linear region.

3. Results and Discussion

Figurela shows that chord length distribution friine BEM analysis to a maximum value of 2.5 meténeearly 10
percent from the blade root to the value of ne@rB6 meteres at tip. Figure 1b shows the twisteuigtribution
across the blade length varying from 40 degrea®sadn to nearly -5 degrees near tip of blade. Thgatiee twist
angle causes the elements of blade tip had a padf@ek angle in slow startup wind speeds. Althounghigh wind
speeds, stall probably occur in blade edge sectibherefore modification in twist distribution sHdulead to
finding the real attack angle until optimal attaaigle can be estimated correctly.
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Figure 1. a) Chord length distribution; b) Twist angle distition.
In Figure2a, the angle of relative wind is varyingm 52 degrees in root to 0 degrees at tip produtiie much
desirable angle of attack value of 10 degress asnshin Figure 3b. The angle of attack,is constant for the full
length of the blade except from 90 percent nediptthat rapidly decreases to values of 6 degreegal tip losses.
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Figure 2. a) Angle of relative wind; b) Angle of attack.

Figure 3a demonstrates that for any angle of att@tls almost constant to the value of 1.43 exaphe tip which
it drops to the value of 1.0. Drag coefficient dmtision is shown in Figure 3b which exhibit a dams$ value of
0.01 everywhere. This provides a lift to drag ratid 43 nearly for 90 percent of the length of leladvery desirable
value for wind turbine blades.
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Figure 3. a) Lift coefficient; b) Drag coefficient.

Figure 4a shows that the axial induction factoalimut 1/3 on most of the blade length (0.125<r/B%B) which
increases to a value about one near tip of theimemn blade. However, the angular induction faetttain high
values near the root (1.3) which reduces to zeatatit 10 percent away from the root of blade.

|

1.2
2
11f —
1.75 —
1k |
ool | 150 g
= <}
% 0.8 i g 1.25 il
= o7t g s 1 g
S 5
0.6 —
g 3 o B
B osk g £
£ — o5l 4
B 8
S 04 1 S
B D 2 o025 1
e+ o o+ o o o —
03p " T , <
0.21 | 0 — —e
0.1r E -0.25- 1
0 . . . . . . . . . 05 . . . . . . . . .
0 01 02 03 04 05 06 07 08 09 1 o 01 02 03 04 05 06 07 08 09 1
Position (r/R) Position (r/R)

Figure 4. a) Axial induction factor; b) Angular inductiondiar.

Figure 5a shows the local thrust coefficient, Chich is almost equals to the constant value oféx&pt at the
blade tip that decreases to 0.6. Figure 6b shogvpdlwer coefficient for the rotor blade which passigs maximum
near tip at 90 percent of the blade length.
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Figureb. a) Trust coefficient; b) Local power coefficient

Referring to Figure®, it is observed that Cp insesawithi up to its optimum value, then it decreases witjuigkly
rate.
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4, Conclusion

In this research, Blade Element Momentum theory MBEvas used to design a HAWT blade for a 300 kW
horizontal axis wind turbine. The airfoil was Rig@opduced by RIS@ National Laboratory, Denmark,darass of
300KW wind turbines. Design parameters considere lwere wind tip speed ratio, nominal wind speed a
diameter of rotor. BEM was used for obtaining maximlift to drag ratio for each elemental constitatiof the
blade. Obtaining chord and twist distribution aguased tip speed ratio of blade, the aerodynamipesbéthe blade

in every part is specified which correspond to maxin accessible power coefficient. The design patensavere
trust coefficients, power coefficient, angle ofaatt, angle of relative wind, drag and lift coeffiots, axial and
angular induction factors. The blade design distidns were presented versus rotor radius for BESlts.
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