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Abstract

The aerodynamic performance of three blades Savanivertical axis wind
turbine designed with an improved plastic gear ®&mt was investigated. The
bladeseach 40cm long and 19 cm in diameter weressfiexed on the frame rods at
an angle of 128to each other. The model was positioned at antatte of 542m above
sea level, and wind tunnel simulations were usednteasure the power coefficients
ofthese blades. The results indicate that the wispeed of about 19.6 riswas
sufficient to harness the energy, generating almdst2watts and 270 watts for the
upstream and downstream respectively.This low spaetches appreciablywith the
use of cowling which requires a speed of 27.7mend generating 520 Watts and
255.3 Watts for the upstream and downstream resipeby.
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1.0 Introduction

The production and provision of electricity, is r@m@quisite for technological development, econognawth, and prosperity
of any nation. Nigeria is endowed with abundant aorand natural resources, but there is very lowigian of electricity
particularly for businesses and the industrial@edtie to the severe power crisis despite the emasmesources. This low or
lack of access to energy for most services hasoéte collapse of many industries and has ledotar participation of the
private sector in the productive sector of the ecoyn Much of the global energy supply comes froralcoil, natural gas,
and or nuclear. Coal, oil, and gas are non-reneavéiblfact, the world’s natural gas, crude oil @odl deposits took millions
of years to form and their intensive use is fastarg the deposits. Uranium, which is used for eaclenergy, has limited
supply as well though the nuclear energy processoisewhat considered as renewable. Once they are, gloe non-
renewable energy supplies cannot be replaced withiman time scales. Renewable energy on the otied kuickly
replaces itself and is usually replenishable. Rexmevenergy comes from the natural flow of sunligtind, and or water
around the Earth. With the help of special collestthis energy can be captured and put to usarilm@mes and businesses.
As long as sunlight, water and wind continue tavfland trees and other plants continue to grow, axe laccess to a ready
supply of energy. These Renewable energy resoufqasperly harnessed have the potential of meetire world’s energy
demand and here in Nigeria, it can turn the econaraynd to address our socioeconomic problems.

Renewables are an almost unlimited source of enémye considers the huge amount of energy weivedeom the sun.
Gradually renewable energy and its different enexgyversion technologies have become economicélyle; capable of
competing with fossil-fuelled technologies in thaemgy market. The size and economic potential @f thnewable
energyresources such as solar energy, wind povenalss and hydro are enormous in Nigeria. Howemar capacity and
determination to harness the renewable energy reseis presently very low. Although investmenttsad renewables are
generally higher compared to fossil fuel alternedivthis option becomes economically viable wherexernalities (e.qg.
environmental cost, health hazards etc.) and l@perating cost are taken into consideration.

Among the renewable energy sources, wind energydl a promising option due to its simple technpldyind is a natural
phenomenon related to the movement of air massesedgorimarily by the differential solar heatingtbé earth's surface
[1]. Wind is a typical example of a stochastic ahfe; due to this stochastic nature. Wind energyeotbe controlled, but
can be managed. This is because wind power isa@ibnly when the wind speed is above a certagstiold[2]. The main
advantages of electricity generation from renewablergy sources, such as wind, are the absen@gmofli emissions, very
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clean and almost infinite availability of wind thiatconverted into electricity [3]. Wind generatibas been described to be
one of the mature and cost effective resources grdiferent renewable energy technologies [4].

Various models of wind turbines for generation afidvenergy are gaining prominence due to the adggst of wind energy
such as low cost, easy installation and maintenarioe principle of the wind-energy conversion sgstean be classified on
the basis whether they depend on aerodynamic dragrodynamic lift. The drag principle was usedtlhy early Persian
VAWT wheels that have a very low power coeffici¢@p) with a G, maximum of around 0.16 only. However, the modern
wind turbines are predominantly based on the aevaahyc lift [5].

Although the vertical axis wind turbine (VAWT) walke first ever wind turbine to be used for harmegsivind energy,
researchers of the modern era lost interest iru@ @ the initial perception that VAWT cannot beedidor large scale
electricity generation. But, a closer look on tlenaeptsleads towards the fact that VAWTSs are skitédr electricity
generation in the conditions where traditional hontal axis wind turbine(HAWT) are unable to gieasonable efficiencies
such as high wind velocities and turbulent windwBo Another major advantage is that VAWTs areoniredlional,
accepting wind from any direction without any yagiimechanism [5].

Therefore, this work was conducted to design audysthe aerodynamic performance of three bladesrsas vertical axis
wind turbine (VAWT)using plastics gear to improwaar blades speedas part of the current drive tsvire production and
utilization of wind energy technology in Nigeria.

2.0  Theoretical Background
The theoretical energy possessed by the wind flgwaira certain velocity can be expressed matheatigtis;

Energy Pt = %p5v3 (1)
The performance of the Savonius wind turbine isaeined by the coefficient of performancé,). It is theoretically

defined as the ratio of the aerodynamic power gaadrby the wind turbine to the power possessetidowind incoming on
the surface of the rotor.

Co=1y @)

w
2.1 Design of the Blades
The determination of the number of blades involdesign considerations of aerodynamic efficiencyngonent costs,
system reliability and esthetics. In the 1980s eady 1990s, attempts are made to commercializeaodetwo bladed wind
turbine design; however, most of the modern winbines have three blades. The single bladed ddsighe most
structurally efficient forthe rotor blade as it tag greatest blade section dimensions with alinktlled blade surface area
in a single beam [7, 3].
The experiments conducted by Gorelov and Krivokpif8]show that the assembly exhibits self-start at dfitsantly
number of blades’ which is given by the equation,
N== 3)
Where ‘B’ is the blade thickness, ‘D’ is the rothameter andd”’ is a constant whose value is 0.28 for maximunueaf G
(0.4 approx.).
However, with a counter weight to balance the ratatically, efficiency is reduced and complex dwies is required for a
blade hinge to relieve loads. With Aerodynamic aifincy increases the increase of the number ofeblddit diminishes
return. Increasing the number of blades from onéwvio yields a 6% increase in aerodynamic efficiengkiile increasing
from two to three yields only an additional 3% eiffincy [9, 8]. The decisive factor in eliminatingeoand two bladed wind
turbine from the commercial market has been thealisnpact. Like many design considerations, thealmer of blades on a
wind turbine is a compromise. Three blades give@adgcompromise, not too much air disturbance ferftilowing blade,
and a reasonable amount of energy gathered fromirthew and delivered to the electrical generattup the mast [9].
The wind speed passing through the turbine rotatoissidered uniform and can be either upstreamoamdtream at a
distance from the rotor. Extraction of mechanig#rgy by the rotor occurs by reducing the kinetiergy of the air stream
from upwind to downwind. Consequently the air stneeross sectional area increases from upstreameofurbine to the
downstream location.
Using Euler’s theorem, the force exerted by thedwimthe rotor is given by Eqn.4 as;
F = pSv(vy —v,) 4)
where;
p = The density of air (1.26kgm),
S =The cross section of the rotor blade,
v =The average velocity of the wind
The cross section area, S, of the rotor bladeviesngby:
S =mnrh (5)
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The torque induced in the blade is given by:

= ZKL:JU (6)
where; T = the stress induced (torque) in the rotor blades

k = the kinematics viscosig2.5 x 10%),
p = the density of air,

B = the thickness of the blade,

U = the velocity on boundary layer.

Power extract by the blade is given by
P= §p5v3(1 —b?)(1+b) @)
where; S = cross sectional ateathe free stream speed; the density of the air,

b = interference factor.
The kinetic power content of the undisturbed ugstrevind is also expressed as:

1
The rotor Tip Speed Ratio, TSR depends on the daétEl profile used, the number of blades, ang type of wind turbine.

The tip speed ratio, TSR, is dimensionless faatdria defined by
TSR = Speed of rotor tip _ wr (9)

Where:

w = angular frequency, = radius of the rotor,= the velocity of the wind.

The optimal TSR for maximum power extraction iseiméd by relating the time taken for the disturksédd to reestablish
itself t,to the time required for the next blade to move thie location of the preceding blaget

If ts> t,, some wind is unaffected. If* t;, some wind is not allowed to flow through the rotdhe maximum power
extraction occurs when the two times are approxéijaqual.

Wind speed v

3.0 Methodology
The simple model construction of the blades is shiwFig. 1.

Rotor blade _

Shaft

Savonius Rotor

Fig. 1: Three blades VAWT schematic

The blade is 40cm long and 19cm in diameter. Sitieeplades were cross flexed on the frame; theyaaangle of 1200
each other. The thickness of the blades was foaBd=a0.012mm Also the cross section area, S, of the rotor biadgven
asS = 0.1194m? Approx.

Theconstructed rotor blades, the shaft of the rimtahe magnetic field region and plastic gear usethove the rotor faster
are shown in Fig. 2.
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Plastic gear of the rotor shaft Rotor shaft in the magnetic field

Fig. 2: Constructed Plastic gear and Rotor ¢
Furthermore, after assembling the above materiatsder to make the generator workable, the commenstruction of th
rotor blade is shown in the Fig. 3.

Fig. 3: The constructed rotor blade

In orderto generate electricity the shaft of the turbinesthe connected to an electrical generator. Thraggitboxes, th
generator converts the mechanical energy of thenspg turbine shaft into electricity. Generators amall and light enoth
that they an be housed under an aerodynamically designed edvbe top of the pole or tower. Wires runningvdathe
tower carry electricity to the grid, batteries ¢her appliances, where it is stored, and/or

The complete construct8dvonius three bladesertical axis wind turbine was placed at an altiteles42m above the st
level. The mechanical power for the constructedoBaus three blades vertical axis wind turbine wasedmined by
measuring thewind speed at the upstream and thesdmam of the lades usingpropeller type digital anemometer.
speed and temperature of the wind around the blades measured using digital thermometer dailyviar months

4.0 Results and Discussion
The mean free stream velocity was plotted agahestTiSR asshown in Fig. 4 Small TSR is shown to favour higfree
stream velocity for both the upstream and downsirsettings

wind speed Against TSR

Mean Free-stream velocity

T T T T
800 850 00 50
TSR2

Fig. 4: Plot of wind speed against TSR

The mechanical power extracted for the upstreamdmwehstream was plotted against wind spes shown in Fig. 5The
largest mechanical power were found to occur withdvepeeds between 18 m/s and 20 m/s, while thedbwere found t
occur at wind speed less than 15 m/s. The powsrsean to relate linearly with the wind speed ijeak of atut 512 W
for the upstream and 270 W for the downstre
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Fig. 5 (a) and (b): Relationship between the Mechanical Power and tied\8peed (Upstream and downstream) of three
blades vertical axis wind turbines.

The free stream velocities were plotted againsispiped ratios in Figures 4. It can be observed thmatcoefficient of
performance of the upstream and the downstreanedses as the tip-speed ratio increases until iaatriip-speed ratio is
reached; performance decreases for higher tip-sgagied. The largest coefficients of performanceesMeund to occur with
tip-speed ratios between 0.8 and 1.1, dependinth@istream. It was also observed that for subatitip-speed ratios, the
variation of the coefficients of performance acrdg&erent turbines was smaller; the fluctuationswebserved in the data
above the critical ratio and it increased with @aging ratios. These data further suggest thaty wirbines operate at their
highest rotational speeds, the scatter in bothstheritical and supercritical regions is reducedstaerably. However, the
range of tip-speed ratios that yield very good geenfance is wider in this case, suggesting thatdhability of performance
is less sensitive to small changes in wind speeds.

Figure 5 (a and b) shows the actual power prodatedrious wind speeds by a three blades vertidalvaind turbine with
plastic gear system. There is highly significand aositive correlationbetween the mechanical pcavet wind speed of the
upstream and downstream respectively.

The results suggested how plastic gear system chanee the performance of VAWT that operate at $psed ratios
between 18m/s to 20m/s, other than those thakersftim detrimental dynamic stall effect, like cavg [11]. Firstly, gearing
increase the blades torque coefficient which wasult in more energy extracted from the flow andréased power
generated by the turbine.

In practical applicationofthe plastic gear systemhe height at which the turbine is placed is
alsooneofthedesignparameters.Forthestudy on theimfeofthe gearing on poweroutput,we consideredvanstream flow
height of 6m. For the upstream flow the height vi@sn, as the windis blown onlyaroundtwosideedgésofilades.
However, forthe downstream,the free-stream velaaitthe wind flow indicates the fast movement dof tip-speed ratio of
the rotor over thetopedgeofthe turbine aswellasaithesideedges of the blades. Thus, theincreasalmelocity of the rotor
speed is reduced, andthe power outputaugmentalsoexpectedtobereduced. Both the maximum powsdficieat and the
corresponding tip speed ratio were smaller tharufstream case.

5.0 Conclusion

We investigated the effect of a plastic gear systenthe power output of a three-bladed savoniusnar This system takes
advantage of the simple principles that local wuedbcity around the turbine could increase by thmr speed flow and
power output is proportional to the cube of thedwmelocity. Power output of a turbine increasesificantly if the turbine
is properly positioned. For high power output irae, the turbine axis should be placed at the egstr The height of the
vertical axis wind turbine is also an importanttfaan power generation. Maximum power of 512 W floe upstream and
minimum of 270 W for the downstream settings westamed.

This study was limited to a specific model winddtine of high solidity and low power coefficient. difefore, it is necessary
to study if this plastic gear concept can be appte general lift-based vertical-axis turbines. A issue of this gear
system is that the turbine blades encounter a miforin wind during revolution. With a plastic ge#ine unsteadiness of the
local flow field and the variation of aero- dynani@ading during revolution will increase comparedgeneral VAWTS. In
order to address this issue, we plan to study Ithe physics near the plastic gear and turbine ds agethe effect of an
upstream on aerodynamic loading of the downstrelaneb
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