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Summary

A rectangular flat plate rotor was tested insideiad tunnel. The plate was half shielded by serylindrical
cover so that the wind strikes one half of the glakhe power coefficient and output torque werenébu
experimentally for value of the tip speed ratiogiag from zero, when the output is sufficient togstthe
turbine, to the maximum free running value whendhtput torque is zero.

1.Introduction
Various methods are used to assess the perfornadinaatical axis wind turbines [1,2,3.5.9]. Onetbé best
methods of assessing wind turbine performancestga model in a wind tunnel, [1,2,4,6,7,9]. M@asnents
are made of the output torque applied at the retaft and the speed of rotation at known air spéed
important parameter which must be accounted ftingsratio of blockage area ( i.e the ratio of timdbine rotor
swept area to the cross section of the wind tuniedgording to Pop and Harper [8] , the tunnel kbuge
correction factor (e) is given by the following edjon:

g =1\4 (Model frontal area’, Test section area) oo 1)
The model chosen for this investigation had an aati@a of about (1\8) and hence (e=3%) the measaned
velocity upstream of the model ( which was obtaifredn measurement of working section reference qunes
and the wind tunnel calibration curve prepared wihenmodel was present in the sectfdn was corrected by
multiplying by a factor equal to (1.03).
The performance of a wind turbine is usually repnédy a relation between the power coefficienti¢iwhis a
measure of it's efficiency ) (fand tip speed ratio () where:

Cp=T+w \05=p=vi=4 . (2)
Where : T: output torquey: angular velocity, A: projected (or swept) area.
A=ws=R\v 3)

where R: rotor radius .Another important charastariis the output torque v&€. Experience shows that the
output turbine power (p) and torque (T) depend iorvelocity, air density and viscosity, size of givturbine
and it's angular velocity. Performing the dimensiamalysis the out put power is given by

p= pviR? f(Re) (4)

T=pvE fRO (5)

For the range of Reynolds number encounterecbrmal operation it is usually accepted that itledt are
negligible. Thus the output torque and power armipéunctions of tip speed ratio. Dynamic similgrbetween
model and prototype can be achieved if they botlelthe same tip speed ratio. The torque coeffioiznis
defined by the equation:

Cr=T\05=p=vi«R® (6)

2. Experimental set-up

The details of the model are shown in Fig (1). Beeni-cylindrical shield was fixed to the wind tuhmeall
while the flat plate rotated about a steel shafictviprotruded through the tunnel wall and was fhgfiked to a
small pulley which was used for torque measuremEm. torque was also measured by a torque transéhuce
order to check the accuracy of the small pulleyasigameter which proved to be quite accurate. A ssobpe
was used to measure the rotational speed. A magpetk-up method was also used (an electrical signa
created once every time the pick-up is approachgdiooth of a rotating tooth wheel attached to the
dynamometer pulley. The succession of signal isvedad electronically into rotational speed). Frone
measurements of torque and angular velocity, foersé air velocities, relations were obtained bemvéhe
power and output torque with the tip speed rat@. dach air velocity the output torque appliechatiotor shaft
was varied from zero to a value close to the breatorque where the angular velocity was closesto.z

3. Resultsand discussion

The power coefficient relation witk) is shown in Fig (2) for three values of Re. NlR4000, 152000, 173000)
based on undisturbed air velocity and rotor diamétean be observed that the effects of Reynaldsber are
negligible range. A similar comment can be madeauaiie torque coefficient in Fig (3)
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The measurement of out put torque using threaddraysulley proved to be quite simple and accurate.

The power coefficient of this rotor is low ( lesgh 0.16) however it has advantage of being venplsi and
cheap in construction. A wind turbine is normallyed in open air where air velocity varies and fiates.
However it's performance may be found easily whested inside a wind tunnel where the air velocgty i
controlled at a desired constant value.

4. Conclusions
1-Wind tunnel test of wind turbine models are easgay out. They give the power and torque coedfiti
2- The flat plate rotor is very efficient but is silago make.
3- The required measurement are few, namely air itgloator rotational speed and output torque.
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Figure 1. Wind rotor in side wind tunnel

55



Innovative Systems Design and Engineering www.iiste.org
ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online) J LA L]
Vol4, No.13, 2013 ISTE

0.16 =
% Re=129000

0.14 4 ® ® Re=152000

0.12 + Re=173000
0.1 4
0.08 -

0.06 +

Power Coeffcient (Cp)

0 P& ' ' ' ' ' T ]

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Tip speed ratio
Figure 2. Power Coefficient vs. Tip Speed Ratio
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Figur 3. Torque Coefficient vs. Tip Speed Ratio
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