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ABSTRACT

Experimental and theoretical investigations were
performed on a gpecially designed horizontal axis wind
turbine. The experiwental work was carried but near the
exit of a wind tunnel. This tunnel was designed for

testing wind turbines.

Tests were.run to study the effect of the following
deslgn paraumeters On the performance of the wind turbine.
These parameters are: the blaae chord length, the blade
1ength, blade setting angle and blade profile. Moreover,

the effect of the nuwiber of turbine blades was also studied.

As for the effect of the blade chord length, three
values were tested which are 50mu, 100mm and 150mm. The
blade having a cnord length of 150mm was found to be the
best onme. Concerning the effect of blade length,six ratios
of rotor diameter to hub diameter ranging from 4 1O 7 were
jnvestigated. The best ratics were found to be in the range

from 5.5 to 6.5 .

phe study of the effect of the blade setting angle
covered a range from zero to thirty degrees. The best per-
formance was obtained when the setting angle ranged from

five to twénty degrees,

In regard to the effect of blade profile, three
types were tested. These are: NACA 0012, NACA 4418 and
FX 60-126. The worst performance was obtained with NACA 00123

while the other two profiles showed a better performance.

of on
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As a conclusion of the experimental work, two and
four-bladed turbine rotors were tested including all pre-
vious parameters. It was found that the four-bladed wind

turbine is the most efficient one,

For the theoretical work, the blade element theory
was applied using a power coefficient formula which was
obtained from the application of both angular momentum
equation and blade aerodynamics. The obtained analysis
showed that the maximum power coefficient was in the
neighbourhood of 0.43. However, the corresponding obtained

experimental value was about 0.35.

Finally, it may be concluded that within the tested
range the four-bladed rotor having blade profile of NACA 4418
or PX 60-126, chord length of 150mm gives the best performance
when the blade setting angle ranges from five to twenty degrees
and the rotor to hub diameter ratios are in the range between

5.5 and 6.5 .
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NOMENCLATURES

A : Cross-section area. me
C : Aerodynamic coefflLcent.

c1: Lift coefficient.

ca: Drag coefficient,

Cp: Power coefficient.

Cpm: Maximum Ppower coefficient.

D : Diameter of the rotor.

dp: Diameter of the pbrake pulley.

D : Drag force.

ds: Elemental area. m»e2

F : Force. N

g : Acceleration. m/She
1 : Blade length. m

i : Incidence angle. Degree
1 : Angle of inclination. Degree

K: Velocity coefficent.

L : Lift force. N

N : Rotational speed. RPM
P : Power developed, w

T : Tension 1n the wire. Kgt
J : Tangential velocity. m/s
V . wind velocity. m/3
Vvi: Upstream wind velocity. m/s
v2: Downstream wind velocity. m/3
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t 3

q,avz)f\in%E

The air veloclity at element 1.

: Relative veloclity.

: Angular veloclty.

: Air density.

: Blade settling angle.

. Torque,

Tip speed ratio.
Maximum tip sSpeed ratio.

The bklade solidity.

Vil

m/s

m/s
rad/s
Kg/m*3
degree

N.m
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INTRODUCTION

Nowadays, new sources of energy are searched {for, because
of the deficlency 1in the +traditional energy sources as
petreoleum, natural gas and cokKe.

Renewable energy is the term used to cover those
continuous energy flows that occur naturally and repeatedly
in the environment. Energy from the sun, wind and tidal waves
are some sources of such energy. The heat from within the
earth 1itself {geothermal energy) 1is also usually regarded as
a renewable energy source since in total it is a source on a
vast scale; although lecally 1t cannet always sustain
continous extraction.

As for wind energy, power can extracted by using wind
turbines or aerogenerators. As air flows over the turbine
blades, 1t creates a turning force on the rotor assembly
which can then be used either to drive water pumps or more
conveniently to generate electricity.

The fundamental gquestions +to be answered concerning
windmill location are:-

i- Optimum geographical prlacement.

2- Variation of wind speed with height.

3- wind speed variation with time; and Knowledge of

maximum winds to avolid excessive siresses,

For gecgrarhical placement, long-term data are requried
over large regions to determine which areas of a ccuntry are

most appropriate for wind power generation.
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The height of a windmill must be decided on essentially
economic terms since the simplest noneccnomic arguments
indicate that the heigher tower 1s the better. Thecretically
the wind bplows from hlgh-pressure zones to low-pressure ones.
However, at medium & high altitudes, 113 direction 1s
modified by the earth’s rotation.

Variations of the mean wind speed with time must Dbe
considered for daily, monthly, yearly, and long term periods.
The annual duration of calm spells is important Dbecause 1t
indicates the period which must be covered Dby storage when
small or medium-sized wind-driven plants are useq.

As for the wind turbine itself, there two main types
depending on the axis of rotation. The first type is the
horizontal axis in which the rotor shaft is in a horizontal
position. The rotor may be single, double or multtbladed. The
second type is the vertical axis wind turbines in wich the
rotating shaft 1s in an axial vertical position. This type
contains many turbine configurations and Kinds, as Darrieus,
Savonious, and Lafond wind turbines.

in the present work a horizontal axis wind turbine was
designed and tested to 1nvestigate the effect of some design
parameters on the turpine performance. The parameters
investigated are the untwisted Dblade chord length, the ratio
between rotor and hub diameters, the blade setting angle and

the Dblade profile. Moreover, the effect of the number of
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turbine rlades was also studied. The tests were carried out
using a specially designed wind tunnel

The theoretical turbine performance was aiso studied Dby
applying the Dblade element theory and using a Ppower
coefficint formula which was obtained from the applicaticen of
poth angular momentum egquation and blade aerodynamics. A
comparison was made between experimental anad theoretical

results 1ndicating the same trend.
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