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Abstract—The energy problem currently causes sharp concerns However, all improvements considered later on, concerning
on many aspects, in particular the reheating climatic, the the aerodynamic characteristics of the Darrieus wind turbine,

problem of the environment and the exhaustion of fossil energies. have a direct impact on the generated current intensity.
In this fact much of attention and investment are devoted to

renewable energies, among those there is the wind energy. In this, yic \york we studies numerically and experimentally the
context, our work is interested here in the type of Darrieus wind

turbine. aerodynamic characteristics evolution of the flow developing
More precisely, the present work is devoted to study the form around the Darrieus wind turbine through the variation of the
influence of the blades profile of Darrieus wind turbine on its form of the_ profile of blades NACA0015_ initially, then
aerodynamic performances. For this purpose, we carried out two NACAO0O012 in one second stage, for a variety of angles of
rotor of Darrieus wind turbine. The first one has a NACA0015 attack and a fixed flow velocity. The results obtained from the
profile and the second one has a NACAO0012 profile. We numerical simulations, with theCFD code Fluent, are
measured the aerodynamic coefficients -Cp, £and G, of compared to the experimental values; we can thus visualize
depression, drag and lift respectively, and thereafter, we deduced the interaction between the blades. the transverse and
the power coefficient CP. We also carried out a numerical |, iy dinal evolutions of the pressure at right sections, the

simulation using the CFD codeFluent which allows us to loci d the fluid icl . hich
undertake a comparative study and especially to follow the flow velocity vectors and the fluld particles trajectory which are

evolution around the rotors model. hardly revealed by the experimental work.
The comparison of the ¢ and G, evolutions as well the power
coefficient CP show that the rotor with profile NACA0012 has Il. EXPERIMENTAL SET UP

better advantages since it presents the strongest depression aghe turbulent flow through the two various configurations of
well as the_strongest lift value anc_:l the strongest drag relatively to Darrieus rotor at moderate and high angles of attack varying
the rotor with the NACAQ01S5 profile. up to 360 degrees were studied at various Reynolds numbers
The numerical simulation gave us an acceptable approach in a subsonic wind tunnel which have a test veig®Emx28
between the numerical and experimental results for the two " .
cmand length oft00 cm the velocities are measured with a

studied rotors. This simulation also enabled us to follow well the ~. . . . .
evolution of the flow around the Darrieus rotor. Pitot tube and the pressure with a multi-manometer with oil

We finally can say that it is henceforth preferable to use blades columns. _
with less thickness such as NACA0012 profile with which we The pressure evolution was measured at the extrados of an

obtains better aerodynamic coefficients C, Cp and Ce. insulated blade at various angles of attack for a model
NACA0015 and for NACA0012, as outlined in figure.3, we
Keywords—Aerodynamics, Darrieus wind turbine, power Show the effects of the studied profile form experimentally

coefficient, NACA profile, renewable energy. and numerically, we measure also the blade lift and drag.
During the experiments, the flow velocity in the test vein was
I. INTRODUCTION fixed at Vo =20.3m/s

A new alternative of the Darrieus type wind turbine makes
currently much speak about it, announcing an ener lll. DARRIEUS ROTOR MODELS DESIGN

y . . .
production higher of 35% than any other wind turbine placgdvo generic models of Darrieus rotor were designed, to study
at the same place and with similar climatic conditions [1]. the thickness effects of the blade NACA profile on the wind
This new turbine would be also able to produce mot@bine aerodynamic characteristics, the first model is
electrical current with less wind than those of its competitofd)aracterized by blades with profile NACA0015 the second
and this, without having to expose it in height, making ff@s a profile NACA0012. The two current models have
possible to bring closer place of production and consumptiofSPective median chords lendth = 5 cm, and spans of
The performance evaluation of the Darrieus wind turbine typkades b= 15 cm the same wing surface S = 75%amd an
requires the knowledge of the aerodynamic coefficients of iggPect ration = 3.07 (figure.2). The blades were designed
blade for various conditions of operations. The blades caH§ing a tool of DAO then sent to the workshop as numerical
out a rotation of 360 degrees when the wind turbine functioffdfee-dimensional models.

During this rotation, the evolution of the flow around the ) ) )
blades varies considerably. All the blades, subjected to tests in the wind tunnel, were

machined from a sheet plate of thickness g On each
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blade, intended for measurements of presswe have eight
pressure taps of diameter d = OrBllimetel located on the
suction face (extrados)f the blade (see figus 1 and 2) at
remarkable longitudinal positions</lo = 0.25, 0.35, 0.45,
0.55, 0.65, 0.75, 0.85 and 0.95).

(a) Darrieus rotor (for measurement ¢ and G)

(b) Blade with NACA0015 profilefor pressurameasurement)

Fig. 1 Geometry of the studied Darrieus ratwdel withvertical blades

e
Fig. 2Distribution of pressure taps along the blade cludnofile
NACA0015

IV. RESULTS AND DISCUSSION

The comparison between results obtaiwith the two models
through the evolution oflepression coefficier-Cp along the
blade chord, lift coefficient Cand drag coefficientCp at

various angles of attack, forflow velocity fixed at Vo=20.3
m/s.

A. Pressure Distribution ahe suction face of the blad

Figure.3shows the distribution of tkdepression coefficient at
the bladesuction face of the rotor, for an angle of atta€li
=5 degreesfor two profiles NACA0015 and NACAQ01 we
can note on the graphs that tpressure distribution on the
suction face changes significantly with coordin/lo; it
decreases quickly starting from its maximum negatpeak
located just athe vicinity of the leading edge of the blade
an approxinate longitudinal position ox/lo = 0.25 after
which it decreases because of the development eoflow
boundary layer at theuction face of the blac Thereafter
more we approaches the trailing edge of blade, i.e. with
x/lo > 0.6, the values of - Cjtend towards a common val
which is - Cp=0.1.

The profile formeffect is very clear since the maximi
values of - Cpare obtained with the blades with proi
NACA0012, asshowed for the positionvery close to the
apex; the values come thereaftcorresponding to profile
NACAO0015.
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Fig. 3 Depression coefficier- Cp evolution at the suction
face of the studied bladatincidence = 5 degrees and
V0=20.3 m/:

B. Drag and lift @olution of thetwo studied rotors:

For the two studied models,e chose to follow the evolutic
of lift and dragand the power coefficient CP on the vari
graphs according to (figures5 and 6)

The curves of figures 4, 5 and 6 confirm that therri2us
rotor evolved in a cyclic way each 180 dess.
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Fig. 4Drag coefficient evolution at various incidences
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Fig. 6 Power coefficient evolution at various irendes

The figures 4 and 5 present the drag and lift ¢oiefit

evolutions according to the angle of attack fortbéh studied
models at Vo =20.3 m/s The evolution of the € curves
indicates that it has a minimal drag ia0°, 180° and 360
degrees during a complete rotation of the rotor ehattheses
indications are supported by other work [2;5,718]e curves
of the figure 5 prove that,G.x = 0.3 is reached at incidence
= 30° and 140° for the two beaches of incidencesitipe and

negative.

The maximum angle of attack of test is 360 degreeshis
range of angles of attack, the power coefficiertl@ion was

deduced for the two studied rotors, the greatedtievas
obtained at= 70° andlL10°.

It is noted that the values of the most signific&® are
obtained with the blade NACA0012 rotor as well & t
strongest lift value and the strongest drag. Acicgrdo the
results obtained by numerical simulation (figures &nd 9.b)
we notes the existence of a swirling structure bgpieg
between the two blades of the rotor what gives gereeral
idea on the interaction of the two blades at theetiof the
movement of the rotor at different angle of attabls is why
we suggests to use the visualization techniquéeflow by
smoke in order to determine exactly the evolutidrthese
new swirling structures.

V. NUMERICAL SIMULATION

A. Boundary conditions

The best manner of modeling the test conditionh@wind
tunnel was to create a square area around the -three
dimensional rotor [2, 3]. For the left rectangutatle of the
square field, the flow admission has a velocityeito=20.3

m/s and the condition of exit are adopted sinaeproduces

the conditions in the section of the wind tunnel.

B. Model of turbulence

The model of turbulenc8&palart-Allmaraswith an equation
was employed during the simulations.

C. The field meshing

The types of grid elements employed, schematizedhen
figure 7, are triangular. Moreover, the not struetugrid was
applied. The majority of the flow significant pragpies to be
reproduced are at the vicinity of the airfoil swda.

Consequently, the calculation field was refinedseldo the
suction face (extrados) and the under-surfaceao) of the
airfoils and maintained gross in the areas far ftbmblades
in order to decrease the volume of calculations.

Fig. 7 Mesh of various surfaces of the Darrieusrot
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e of the aerodynamic coefficients, for the completarizus
rotor
: =: D. Validation of obtained results

(b) Rotor with NACA0015 blades According to the figure 8 we notice that the londinal

Fig. 8 Contours of - Cp obtainediat 5° and Vo =20.3m/s evolution of the numerical depression accordinght® xio
direction, is identical to that obtained in expezints, the

figure 9 shows that we particularly have a goodeagrent
between the numerical and the experimental resaitshe
different evolutions of Cand G.

VI. CONCLUSION

The aerodynamic behavior of the two studied modttstor,
placed at various angles of attack, enable us denstand that
the model with NACA0012 profile allows obtaining tter
aerodynamic performances in particular concerniregpower
coefficient CP.

The rotors model are examined in the same rangmgle of
attack up to 360 degrees with a step of 10 degfees, flow



velocity Vo =20.3m/s. The aerodynamic coefficients of lift
C., drag G and power CP evolve with the angle of attémk
a full rotation of the rotor what enables us toidate and to
envisage the movement of the pair of blades redeale
visualizations of various contours obtained witl thumerical
simulation carried out with Fluent CFD coded we note that
the aerodynamic performances of the blade NACAQ@t@r
are always better.

The experimental and numerical results obtained iare
qualitative concordance but with a significant eliince in

term of sizes. The quantitative differences camtbgbuted to

the simplifications made during the numerical rasoh.

This work provides, by direct obviousness, the fcat and
the theoretical forecasts (numerical) concerningmé of
blade profiles to be avoided which can be at thgiroof the
reduction in the output of the Darrieus wind mill.

Besides the development of green energy produdiiam
allows wind turbines, the next step for the indafdris to
perform their output and then the cost of the eperg
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