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SUMMARYSUMMARY

A CFD i l d l d (fl t) t i l t i d t l d d tA CFD numerical model was used (fluent) to simulate a wind tunnel and used to per( ) p
t bi bl d f l l f tt k f th d h f Fi tl thturbine blade for several angles of attack for smooth and rough surfaces. Firstly, the resug g y,

d l h b d ith i t l t f d t th OSU tmodel has been compared with experimental measurements performed at the OSU tunp p p
l t th ff t f th l t f t t th ti f i d tevaluate the effect of the placement of vortex generators near the tip of a wind tup g p

di iti f t t id d Th fi h tidisposition of vortex generators were considered. The figures show a comparationp g g p
calc lated al es as ell as the impro ement of the lift coefficient ith orte generatcalculated values as well as the improvement of the lift coefficient with vortex generatp g
since vortex generators were conceived to improve the lift coefficient in these conditionsince vortex generators were conceived to improve the lift coefficient in these conditiong p
results obtained with the numerical model are lightly lower than experimental values buresults obtained with the numerical model are lightly lower than experimental values bug y p
agreement In the same manner it must be noticed that this model shows that the placeagreement. In the same manner it must be noticed that this model shows that the place
the lift coefficient with roughness in the whole interval of interest even though to perforthe lift coefficient with roughness in the whole interval of interest, even though to perfor
would be desirable to corroborate this affirmationwould be desirable to corroborate this affirmation

CFDCFD

I T b l i t it d I 0 05%I = Turbulence intensity and  I = 0.05%y
L t b l l th l L 0 002L = turbulence length scale. L = 0.002 m.g

Mesh type: unstructured mesh (tetrahedron).Mesh type:  unstructured mesh (tetrahedron).
Turbulence model: k‐ε RealizableTurbulence model: k‐ε Realizable.
Solver: SegregatedSolver: Segregated.
P i t l ti th d St d dPressure interpolation method: Standard.p
Velocity interpolation method: QUICK.Velocity interpolation method: QUICK.
Pressure‐velocity coupling: SIMPLEC

Boundary conditions
Pressure‐velocity coupling: SIMPLEC.

Boundary conditions 
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f th lift ffi i t f i drform the lift coefficient of a wind
lt bt i d ith CFD i lult obtained with our CFD numerical

l L t thi d l d tnnel. Later, this model was used to,
bi bl d I thi hurbine blade. In this research one
b t th i t l dn between the experimental andp

tors and ro ghness on the s rfacetors and roughness on the surface,g ,
s It is necessary to outline that thes. It is necessary to outline that they
t they present a reasonable level oft they present a reasonable level ofy p
ement of vortex generators improveement of vortex generators improve Schematic of Co‐rotational VGs array
rming experiments in a wind tunnel

Schematic of Co rotational VGs array
rming experiments in a wind tunnel

CONCLUSIONSCONCLUSIONS

A t ti l b fit f tA potential benefit of vortexp
t (VG ) i t i thgenerators (VGs) is to improve theg ( ) p

f f f l d bl dperformance of fouled blades.p
Alth h th NREL i f ilAlthough the new NREL airfoils areg
l iti t f li th liless sensitive to fouling than earlierg
i f il f ili f li l tillairfoil families, fouling losses are still, g
present increasing the dragpresent, increasing the dragp , g g
coefficient and decreasing the liftcoefficient and decreasing the liftg
coefficient The inclusion of vortexscheme coefficient. The inclusion of vortexscheme
generators shows an improvement ofgenerators shows an improvement of
the lift coefficient under fouled bladethe lift coefficient under fouled blade
conditions The present articleconditions. The present article
demonstrates this effect by means ofdemonstrates this effect by means of
computational methods In ourcomputational methods. In our
particular case the analysis zone isparticular case, the analysis zone is
around the 75% of the blade lengtharound the 75% of the blade length,
where the fouling effect is morewhere the fouling effect is more
important due to the fact that theimportant, due to the fact that the
linear velocity of the blades is higherlinear velocity of the blades is higher
and the blade impacts with externaland the blade impacts with external
agents like insects are more frequentagents like insects are more frequent.
The VGs reduce the lift coefficientThe VGs reduce the lift coefficient
loose due to this phenomenonloose due to this phenomenon.

As far as Reynolds number isAs far as Reynolds number is
concerned it must be noted that theconcerned, it must be noted that the
increasing of the Reynolds numberincreasing of the Reynolds number
causes a lift coefficient increasing acauses a lift coefficient increasing, a
predictable behaviour in advance, butpredictable behaviour in advance, but
those increments are lower as thethose increments are lower as the

ld b h hReynolds number is higher.Reynolds number is higher.

h lif ffi i i li h lThe lift coefficient is slightlyThe lift coefficient is slightly
d d h GV h i h ddependent on the GVs height anddependent on the GVs height and

i I i l fspacing. In our particular case ofspacing. In our particular case of
d i i h h i h f hstudy, increasing the height of they, g g

VG d d i VG d it l d tVGs and decreasing VGs density led tog y
ll i i th lift ffi i ta small increase in the lift coefficient.
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