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ABSTRACT
R
\'& This project proposes the design of wrbine blades for a horizontal axis, three-
k blade wind turbine system, which can produce approximately 500 watts power at a
: Jow wind velocity [1-3 m/s] and the simulation of wind turbine system. The world is

at present fiacing a serious crisis for electrical energy. The fossil fuels which are being

used now are very much limited and hence it is cssential for other alternative sources

of energy. Hence the aliemative source which i non-conventional energy (i.e. wind
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energy) has 1o be utilized greatly in rural areas. where the average wind velocity is

low and power requirement is not high. The power generation by wind turbine is not

been successful so far, because the production of eleciricity by wind turbine at a

specific site depends on many factors. These factors include the wind speed

conditions at the site and system cost. particularly the rated cut in and cut out w ind

speed parameters: it is desirble 0 design and select a low cost wind turbine system

which is best suited for a particular site in order to obtain the maximum power benefit

at @ available low wind velocity. According to our personal computer interface based
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anemometer wind velocity analysis. the proposed specifications are determined for

v (5

turbine blade design to extract the maximum output from low wind velocity.
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above Sm/s. The increase of unit size and enhancement of performance it higher
foading facior and reliability have made wind power generation more attractive and its
unit g ion cost | very petitive as pared to traditional fossil

2 ion, According to IWEA estimation, 12% of the power demand of the whole
world will be provided by wind generation for year 2020.The utilization of wind

energy may be an attractive altemnative in places such as rural areas, where fuel is

usually expensive and wind regimes are particularly ble, These conditions are

likely to occur in places that are geographically remote and have weak, autonomous
power systems. These places are conventionally supplied by diesel power plants, and

the installation of wind generators as fuel cost reduction is economically atiractive.

1.2 OBJECTIVE
Design and fabrication of turbine blades for low wind velocity and low power
wind turbine system.

1.3 LITERATURE SURVEY

There were some fixed ideas in our mind before we actually started on this
project. The first of them was to try out some new {or) original idea which has never
been tried before instead of some tried out ones, because this was going 1o be our real
chance to design something all by ourselves. The other idea was to combat the price
hence which is so prevalent these days by making use of proper design and

fabrication.

first started with analyzing |EEE standard papers, journals, conference
proceedings and wind energy based websites. By making use of these resources we
found two main things, first thing is minimum number usage of vertical axis wind
turbine; though it has more ad ges than others ially a TURBY system.
TURBY is revolutionary vertical axis wind turbine specially designed foe use in low
wind rural areas. So we stared studying sbout TURBY system but we couldn’t
continue because high cost of this system.

Second thing is availability of wind; it varies in place to place, day to day
time to time. Also in particular area only we can get a good wind velocity for
electricity production but that also not available in through out the year. Before erect a
wind turbine in particular area we can measure and record the speed of the wind

"

CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

People today generally associate wind energy with dense amays of
commercial scale turbines that rise an 200ft or taller towers, so they are often less
familiar with wind turbines scaled for personal use on small acreages. Small (or
residential) wind energy systems typically generate just enough power to meet the
demands of & home, farm, or small business. They range from 400 wans to 1 kW {or)
more, and typically consist of a single turbine, while commercial wind farms consist
of dozens (or) even hundreds of mw scale turhines. Low power wind generators
powered lights, radios and kitchen appliances of modem urban life. In this new
century, small wind turbines are an attractive investment for residents in rural areas
looking for relief from high-energy costs. Small turbines also contribute a larger
public benefit by reducing demand on utility systems naw supplied primarily by
centralized fossil fuel plants. In recent years this system has left electricity customers
vulnerable to power shortage and sharp price increases. The development of large-
scale power plants has become riskier in the turbulent encrgy market, creating the
need for new forms of distributed generation sources to make the system mare secure
and sustsinable. Small wind systems can be an important of such encrgy
independence,

The power obtained from wind turbine can be utilized for imgation and
lighting provided there is sufficient wind. A wind power plant is an airscrew, which is
used to convert the kinetic energy (ie. energy of motion) of the wind into mechanical
energy that can be utilized to perform useful work or to gencrate electricity. Most
machines for converting wind energy into mechanical energy consist basically of a no
blades radiating from a hub or central axis. Renewable power generation systems
have been recently getting more and more attention due to the cost competitiveness,
and are environment friendly as compared to the fossil fuel and nuclear power

b Besides the ional ble power g jon such as hydro and
pumping storage, wind power g ion has been idered as the most cost
with d ping p ial. For wind speed exceedingl.Smis, the wind

turbine can generate power and the rated output power can be obtained for wind speed

through out the year by means of anemometer. So we bought one anemometer and
that interfaced with pe for analyzing wind velocity. From graphs (the graphs are
shown in chapter 5) it is cleared that the average available wind velocity is | to 5 m/s
through out the year. This is not enough for producing electricity by wind turbine
because now days existing system requires minimum 3 mis wind velocity to start
produce the power. S0 we planned to design and fabricate the low power. low wind
velocity and low cost wind turbine system for rural area application. In this my
contribution was to design the blades for low power wind turbine sysiem



CHAPTER 2
WIND ENERGY SYSTEM

2.1 FACTS ABOUT WORLD ENERGY CONSU MPTION

In the 20 years from 1970-89 world energy consumplion rosc by about 53
percent from 2.14x1020 J 1o 3.28x1020 J. The consumption of fossil fuel energy climbed
by 49.2 percent from 2.09x1020 J to 3.12 x1020 1 and that of nuclear energy by 22.7
percent from 9.83 x1016 J to 2.33 x1018 J. In the seventies of the 20th century people
worried about a coming shortage of energy resources and the direct consequences for the
environment e.g. acid rain. From the 1980's, the indirect consequences of high energy
consumption e.g. global warming and the ozone hole became a greater concer. The
outlook for future energy demand is that it is predicted to rise guite dramatically. From
1998 to 2010 the worldwide yearly electricity demand will rise by about 30 percent 1o
20,852 TWh and by nearly 50 percent to 27,326 TWh by 2020, with an average annual
growth rate of 2 percent. Until 2025, the consumption of the developing countries is
estimated 1o rise on the basis of population growth and increasing industrialization by
maore than 100 percent. Although the share of fossil fuels used in the production sector
will shrink remarkab]y the CO2 emissions will increase by about 50 percent due to
P The ioned risk 1o the biosphere and the limit on
fossil fuel energy resources will force new solutions. One of the best solutions on the

overall rising

basis of today's technologies consists of a bination of saving cnergy by different

and the exploitation of additional inabl of energy such as solar
energy (photovoltaic, heat collectors) and wind energy. A nation's development is
measured by the growth of agricullure, infrastructure for industrial growth and,
importantly, power generation. Electric power is universally required in the production of
commodities and services and for their transformation. The growth of the industrial
sector has resulted in a phenomenal increase in the demand for power, generation of
which could not be stepped up Jingly due to ints in the availability of

fossil fuels. Hence, the gap between demand and supply of power is increasing.

Figure 2.1 Generation of Electricity from Wind Turhine

1. Tower, 2. Shaft inside the Nacelle, 3. Gear Box, 4. Generator, 5. Voltage Regulation,
6. Distribution System.

2.3.1 Types of Wind Turbine
Horizontal axis

Horizontal Axis Wind Turbines (HAWT) has the main rotor shaft and electrical
generator at the top of a tower, and must be pointed into the wind. Simple wind vane
points small turbines, while large turbines generally use a wind sensor coupled with a
servomotor. Most have a gearbox, which turns the slow rotation of the blades into a
quicker rotation that is more suitable for generating electricity. Since a tower produces
turbulence behind it. the turbine is usually pointed upwind of the tower. Turbine blades
are made stiff to prevent the blades from being pushed into the tower by high winds.

2.2 HISTORICAL BACKGROUND OF WIND POWER USAGE

Wind machines were used for grinding grain in Persia as early as 200 B.C. This
type of machine was introduced into the Roman Empire by 250 A.D. By the 14th century
Dutch windmills were in use to drain areas of the Rhine River delta. In Denmark by 1900

there were about 2500 windmills for mechanical loads such as pumps and mills,

was cheap, and windmills were placed on prefabricated open steel lattice towers.

2.3 GENERATION OF ELECTRICITY FROM WIND TURBINE

Wind power is converted into electricity by 2 wind turhine. In a typical. modem,
large-scale wind wrbine. the kinetic energy in the wind (the encrgy of moving air
molecules) is converted to rotational motion by the rotor - typically a three-bladed
assembly at the front of the wind turbine. The rotor tums a shaft, which transfers the
motion into the nacelle (the large housing at the top of a wind turbine tower). Inside the
nacelle; the slowly rotating shafl enters a gearbox that greatly increases the rotational
shaft speed. The output {high-speed) shaft is connected te a generator that converts the
rotational movement into electricity st medium voltage {2 few hundred volts) The
electricity flows down heavy electric cables inside the tower to a transformer, which
increases the voltage of the electric power to the distribution voltage (a few thousand

volts), (Higher voltage electricity flows more easily through electric lines, generating 1

heat and fewer power losses.) The distribution-voltage power flows through underground
lines 1o a collection point where the power may be combined with other wrbines. [n many
cases, the electricity is sent to nearby farms, residences and towns where it is used.
Otherwise, the distribution-voltage power is sent 1o a substation where the voltage is
increased dramatically to transmission-voltage power (a few hundred thousand volts) and

sent through very tall transmission lines many miles to distant cities and factories.

Additionally, the blades are placed a considerable distance in front of the tower and are
sometimes tilted up a small amount. Downwind machines have been buill, despite the
problem of turbulence, because they don't need an additional mechanism for keeping
them in line with the wind, and because in high winds, the blades can be allowed to bend
which reduces their swept area and thus their wind resistance. Because turbulence leads
1o fatigue failures and reliability is so important, most HAWTs are upwind machines.

A of hori 1 wind

= Blades are to the side of the wrbine's centes of gravity. helping stability.

= Ability to wing warp, which gives the turbine blades the best angle of attack.

= Ability to fold up the rotor blades in a storm, to minimize damage.

« Tall tower allows access to stronger winds, and can be built offshore away from
residentinl areas. Every ten meters up, the wind speed usually increases by 20%
and the power output by 34%.

+ Since the rotor blades are shaped like a pinwheel, the aitfoils can withstand
greater force from the wind. This allows wind turbines to rotate faster.

» Self-starting.

= Cheaper because of higher production volume.

Disadvantages of horizontal wind turbines

= Poor performance at low altitudes, due 1o lower wind speed.

«  Location is determined by latitude and weather. This can prove a problem in low-
lying areas.

» Downwind varianis suffer from faligue and structural failure caused by
rbulence.

« Horizontal wind turbines in urban areas tend to cause 3 lot of drag that reduces
efficiency in power production

Vertical Axis
Vertical Axis Wind Turbines (or VAWTs) have the main rotor shaft running
vertically. The ad of this g it are that the g and/or gearbox can

be placed at the botom, near the ground, so the tower docsn’t need to support it, and that
the turbine doesn't need to be pointed into the wind. Drawhacks are usually the pulsating

jucing an d bined peak power of about 30 MW, Charles F. Brush built
the first windmill for icity production in Cleveland, Ohio in 1888, and in 1908 there
were 72 wind-driven electric generators from 5 kW to 25 kW. The largest machines were
on 24 m (79 ft) towers with four-bladed 23 m (75 1) diameter rotors. By the 1930s
windmills were mainly used to generate electricity on farms, mostly in the United States
where distribution systems had not yet been installed. In this period, high-tensile sieel



torque p i during each lution, and the difficulty of mounting vertical axis

turbines on towers, meaning they must operate in the slower, more turbulent air flow near

the ground, with lower energy extraction efficiency.

Advantages of vertical wind turbines

« Easier to maintain because their generator is located on the ground. This is due to

the vertical wind turbine’s shape, The airfoils or rotor blades are placed on top of
4 shaft that is connected 1o a generator, enabling a safe and easy work
environment.

2.4 COST AND GROWTH

The cost of wind-generated electric power has dropped substantially since the
first modem turbines were installed in the 1980's. By 2004, according to SOme SOUFCES,
the price in the India was lower than the cost of fuel-generated electric power, even
without taking extemnalities into account. At this time, wind energy was reported to cost
one-fifth as much as it did in the 1980s, and some expected that downward trend 1o

continue, as larger multi-megawatt turbines are produced. An Indian Wind Energy

Due to the turbine's large surface area, very little wind is required to tum the rotor
blades to generate power. Vertical wind turbines have two subgroups: Darries and

Association repart gives an average generation cost of onshore wind power of around
3.2 rupees per kilowatt-hour, Wind power is growing quickly, at about 38% in 2003, up

Savonius. Both were invented for the same multipurpese role of generating from 25% growth in 2002. In the India, as of 2003, wind power was the fastest growing

electricity in a flat open arca far inland to create high torque, also creating a high- form of electricily g ion on ap basis. For wind and hydropower, fuel costs
voltage output that can power residential and ial applicati such as close to zero and relatively low maintenance costs; in economic terms, wind power has
televisions and lighting. an extremely low marginal cost and a high proportion of up-front costs. The “cost" of
s Vertical wind turbines have a higher airfoil pitch angle. giving improved wind energy per unit of production is generally based on average cost per umit, which
aerodynamics while decreasing drag at low and high pressures, incorp the cost of ion, b d funds, return 1o investors (including cost

+ Being near the ground allows the turbine to collect extra energy from wind that of risk), estimated annual production. and other
bounces off a forty-five degree slope from the base of the turbine to the ground:
when the wind hits the ground and is directed up the slope, around twenty percent
more power is added to the wind turbinc.

Disadvantages of vertical wind turbines

The environmental impact upon migratory birds. The large surface area can easily
suck birds and other objects into the wind turbine, due to a vortex effect that can
e attributed to the vertical position of the rotor blades.

= There is a height limitation to how big a vertical wind turbine can be built.
Instability due to its main center of gravity being in the airfoil. Swrong support at
the base is required.

F Since these costs are

averaged over the projected useful life of the equipment, which may be in excess of
twenty years, cost estimates per unit of generation are highly dependent on these

pti Existing 2 ion capacily rep sunk costs, and the decision 1o
continue production will depend on marginal costs going forward, not estimated average
costs at project inception.

= Must be located in an area with steady prevailing winds.

Installing a vertical wind turbine is expensive, because they are not as widely
used as horizontal wind turbines.

There are many thousands of wind turbines operating, with a total capacity of

2.5 UTILIZATION

2.5.1 Large scale

“Table: 2.1 Total installed wind power capacity (end of year & latest estimates)

58,982 MW of which Europe accounts for 6%% (2005). The average output of one
megawatt of wind power is cquivalent to the average consumption of about 160
American houscholds. Wind power was the most rapidly growing means of
alternative electricity generation at the tum of the century and world wind generation
capacity more than quadrupled between 1999 and 2005, 90% of wind power

T Capacity (MW) i | o _- ‘-"P“'“th:‘w‘ installations are in the US and Europe, but the share of the top five countries in terms
[Rank| Nation 2006r 2005 12004 | | 5 | z:“:‘" . L. | les I ieg of new installations fell from 71% in 2004 1o 55% in 2005. By 2010, the World Wind
[T ] Germany |‘°°"” 18 428' 16629, 123 | Belgiom ] 193 167 | 95 ' Energy Association expects 120,000 MW to be installed worldwide, implying an
"1 | Spain ] oozs| 8,504 '. I 33 Egpt | - | M5 145 anticipated growth rate of about 15% per year. Germany, Spain, the United States.
| 3] usa 11_-5'03! _9-_“'9_ 8725 :. o | South i_ RE TR India, and Denmark have made the largest i in wind-g 4 ity

‘ 4 _I _'l'ﬂi'm G,ZTFI]I 4,430 | 3000 f. | Korea .I. o i i Denmark is promi in the and use of wind turbines, with a
|_ 5 i_D:mmrk { .IlflI 3,128 '. R | Tui\h:m i 1 10.-" 13 commitment made in the 1970s to eventually produce half of the country’s power by
6 l China | 2405 1.2&0' 764 | | 26 | Finland | 86 ! 82 82 i wind. Denmark penerates over 20% of its electricity with wind turbines, the highest
il 7| haly :2 123: I 'H‘F 1265 | I 711 Po_‘and _l IS_I ! 73 i 63 percentage of any country and is fifth in the world in total power generation (which
: 1|_lelod | o3| I,353 | sss ] | Ukrine | 85 1 73 69 can be compared with the fact that Deamark is S6th on the general electricity

t | 1

| Kingdom I ' T35 [CoemRical - | 0]
| Portugal Timiel 1022 | 22 | 1750 Moroceo Sl A S
B e e B TN | Eoetes | . | |

{0 | Frace |1.567) 757 | 386 | 1 T !

consumption list), Denmark and Germany are leading exporters of large (0.66 to
5 MW} turbines. Wind accounts for 1% of the total electricity production on a global

L gt iy M 8 ] 31 Luxemboury 35 33 35 seale (2005), Germany is the leading producer of wind power with 32% of the total
{711 [Nether land| 1,560 1.219 1078 ! ks ! e 1-- i b world capacity in 2005 (6% of German electricity); the official target is that by 2010,
i 12 | Canam | NSI.| 683 ' "‘“ pld .ran. : T \ 1 renewable energy will meet 12.5% of German electricity needs — it can be expected
._ (L Japan Il 3‘14. 1040 | 896 3., By L that this target will be reached even earlier. Germany has 16,000 wind turbines,
| 147 Ausiria ! 965 . | 31_9 606 | | 34 'Philippines, 32 1 29 B mostly in the north of the country — including three of the biggest in the workd,
; 15 |'£um:'if | 817 ! 512 S b g i { constructed by the companics Enercon (4.5 MW), Multibrid (5 MW) and Repower
| ‘.‘.,._‘I. _afﬂi" 'l 755 L 573_ | "'ﬂ L | Republic | s 2 i (5 MW). Germany's Schleswig-Holstein province generates 5% of its power with

I'.r_'I Trvid 1 745 | 4 | 19 0} g Tukey | 02 | - wind turbines. Spain and the United States are next in tenms of installed capacity. In
: 5 Tosiem I 512] eig | 4% | i; b et :. su' o ! 2005, the government of Spain approved a new national goal for installed wind power
|- ——F--1 II '. 2 | LilniAni : | j :. capacity of 20,000 MW by 2012, According 1o trade journal Wind power monthly;
Ii 19 | Norway | 325 ! 270 | 270 '; r . World T.,.3 mlss\wz 241'.61'[ | however, in 2006 they abruptly halted subsidies and price supports for wind power.
. 26'} Bra:ul ] 7 | “39 ! a0 | : 1 total !\i“ | ! ] According to the American Wind Energy Association, wind generated enough

electricity to power 0.4% (1.6 million houscholds) of total electricity in US, up I'log,-‘—..a_

less than 0.1% in 1999 In 2005, both Germany and Spain have produced
electricity from wind power than from hydropower plants. US Depantment of I—n:lgy
studies have concluded wind harvested in just three of the fifty U 5. states could
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provide enough electricity to power the entire nation, and that offshore wind farms
could do the same job, Wind power growth was estimated at up o 50% in the U.S. in
2006, and has reached 11,603 MW of installed capacity for growth of 27% in one
year. India ranks 4th in the world with a total wind power capacity of 5,340 MW.
Wind power gencrates 3% of all electricity produced in India. The World Wind
Encrgy Conference in New Delhi in November 2006 will give additional impetus to
the Indian wind industry. In December 2003, General Electric installed the world's
largest offshore wind turbines in Ireland and plans are being made for more such
installations on the west coast, including the possible use of floating turbines. The

wind farm near Muppandal, India, provides an impoverished village with energy for
work. On August 15, 2005, China announced it would build a 1000-megawatt wind
farm in Hebei for completion in 2020. China reportedly has set a generating target of
20,000 MW by 2020 from renewable energy sources — it says indigenous wind
power could generate up to 253,000 MW, Following the World Wind Energy
C in N ber 2004, organized by the Chinese and the World Wind Energy

a Chinese ble encrgy law was adopted. In late 2005, the Chinese
government increased the official wind energy target for the year 2020 from 20 GW

to 30 GW.Another growing market is Brazil, with & wind potential of 143 GW. The
federal government has created an incentive program. called Proinfa, to build
production capacity of 3300 MW of renewable energy for 2008, of which 1422 MW
through wind energy. The program seeks o produce 10% of Brazilian electricity
through renewable sources, Brazil produced 320 TWh in 2004. France recently
announced a very ambitious target of 12 500 MW installed by 2010.

2.5.2 Small Scale
Wind turbines have been used for houschold electrici ion in

¥

conjunction with battery storage over many decades in remote areas. Household

generator units of more than | kW are now joning in several ies. To

compensate for the varying power oulput, grid-connected wind turbines may utilize
some sort of grid energy storage. Off-grid systems either adapt to intermittent power
or use photovoltaic or diesel systems 1o supplement the wind turbine. Wind turbines
range from small four hundred watt generators for residential use to several megawatt

machines for wind farms and offshore. The small ones have direct drive generators,

barest premium for design and labor, then, with their lower mass per output, they can

compete favorably.

2.6 WIND POWER MAJOR 1SSUES
2.6.1 Scalability

A key issue debated about wind power is its ability to seale 10 meet @
substantial portion of the world's encrgy demand. There are significant economic,
technical, and ecological issues about the large-scale use of wind power that may Timit
its ability to replace other forms of energy production. Most forms of electricity
production also involve such trade-ofFe, and many are also aol capable of replacing all
other types of production for various reasons. A key issue in the application of wind
energy to replace substantial amounts of other electrical production is intermittency.
At present, it is unclear whether wind energy will eventually be sufficient to replace

other forms of electricity production, but this does not mean wind energy cannot be a

significant source of clean electrical p on a scale parable to or greater
than other technologies, such as hydrop A signi pant of the debate about

the potential for wind energy to substitute for other electric production sources is the

level of penetration. With the exception of Denmark, no countries or electncal
systems produce more than 10% from wind energy, and most are below 2%, While
the feasibility of integrating much higher levels (beyond 25%) is debated,
significantly more wind energy could be produced worldwide hefore these issues

become significant.

2.6.2 Theoretical Potential
Wind's long-term theoretical potential is much greater than current world

study to date found the potential of

energy ion. The most
wind power on land and near-shore to be 72 TW, or over five times the world's
current energy use and 40 times the current electricity use. The patential takes into
account only locations with Class 3 (mean annual wind speeds = 6.9 m/s at 80 m} or
better wind regimes, which includes the locations suitable for low-cost wind power
gencration and is in that sense conservative, [t assumes 6 turbines per square km for
77-m diameter, 1.5 MW turbines on roughly 13% of the total global land area {though
that land would also be available for other compatible uses such as farming). This

direct current output, aero elastic blades, and lifetime bearings and use a vane 1o point
into the wind; while the larger ones generally have geared power trains, alternating
current output, and flaps and are actively pointed into the wind. Direct drive
generators and aero elastic blades for large wind turbines are being researched and
direct current generators are sometimes used. [n urban locations, where it is difficult
to obtain large amounts of wind energy. smaller systems may still be used 1o run low
power equipment. Distributed power from rooftop mounted wind turbines can also
alleviate power distribution problems, as well as provide resilience 1o power failures.
A wind turbine that charges a small battery, replacing the need for a connection to the
power grid andlor maintaining service despite possible power grid failures, may
power equipment such as parking meters or wireless Intemet gateways, Small-scale
turbines are availabl
900 watts. Units are lightweight, e.g. 16 kil (35 Ihs), allowing rapid resp

to wind gusts typical of urban seltings and easy mounting much like 2 television

that are approxi 1y 7 feet (2m) in diameter and produce

antenna. It is claimed that they are inaudible cven a few feet under the turbine,
[Citation needed] Dynamic braking regulates the speed by dumping excess energy, so
{hat the turbine continues to produce electricity even in high winds. The dynamic
braking resistor may be installed inside the building to provide heat (during high
winds when more heat is lost by the building. while more heat is also produced by the
braking resistor). The proximal location makes low voltage (12 volt, or the like)

energy distribution practical. An additional benefit is that owners become mare aware

of electricity ption, possibly reducing their ption down to the average
level that the turbine can produce. According to the World Wind Energy Association,
it is difficult to assess the total number or capacity of small-scaled wind turbines, but
in China alone, there are roughly 300,000 small-scale wind turbines generating
clectricity. Small wind turbines have a fundamental advaniage over large wind
turbines: this is the square-cube law. The wind capture or swept area of turbines is
proportional to the square of the blade radius, but the volume, and therefore mass, of’
turbines is (approximately) proportional to the cube of the blade radius. Design and
materials improvements have made both large and small turbines lighter for given
output, Larger turbines have the advantage of commodity pricing. lower land footprint

per output, and lower cost of el ics and minor hard asap of unit
cost. If the price of small wrbines can be lowered 1o near materials cost, with the

potential assumes a capacity factor of 48% and does not take into ecount the
practicality of reaching the windy sites, of transmission, of competing land uses, of
transporting power over large distanees, or of switching to wind power. To determine
the more realistic technical potential it is essential how large a fraction of this land
could be made available to wind power. Although the theoretical potential is vast, the
amount of production that could be economically visble depends on a mumber of

and T factors, including the cost of other sources of electricity

and the future cost of wind energy farms, Offshore resources experience mean wind
speeds about 90% greater than those on land, so offshore resources could contnibute
about seven times more energy than land. This number could also increase with
higher altitude or airbome wind turbines. To meet energy demands worldwide in the
future in a sustainable way, many maore turbines will have 1o be installed. This will

affect more people and wildlife habitat

2.6.3 Economics and Feasibility

Wind energy in many junisdictions receives some financial or other support

to encourage its development. A key issue is the comparison to other forms of energy
production, and their total cost. Two main points of discussion arise; direct subsidies
and externalities for various sources of electricity, including wind. Wind energy

benefits from subsidies of various kinds in many jurisdictions, cither to increase its

for

or which have signi negative ex

of 1o received by other forms of production

P

Most forms of cnergy production

create some form of negative extemnality: costs that are not paid by the producer or
consumer of the good. For electric production, the most significant extemality is
pollution, which imposes costs on society in the form of increased health expenses,
reduced agricultural productivity, and other probl Significantly. carbon dioxide, a

greenhouse gas produced when using fossil fuels for electricity production, may
impose costs on society in the form of global warming. Few mechanisms currently
exist to impose (or intemalizes) this external cost in a consistent way between various
industries or technologies, and the total cost is highly uncertain. Other significant
externalities can include national security expenditures to ensure access 1o fossil fuels,

remediation of polluted sites, destruction of wild habitat, loss of scenery/tourism, e1c.



2.6.4 Intermittency and Variability

Eleetricity generated from wind power can be highly variable at several
different timescales: from hour 1o hour, daily, and scasonally. Annual variation also
exists, but is not as significant, This vari bility can present sul ial chall 10

incorporating large amounts of wind power into a grid system, since 1o maintain grid
stability; energy supply and demand must remain in balance. ‘While the negative

effects of intermittency have to be co idered in the jcs of power g
wind is unlikely to suffer momentary failure of large amounts of generation, which
may be a concern with some traditional power plants. In this sense, it may be more

reliable due to the distributed nature of generation.

2.6.5 Grid Management

Grid operators routinely control the supply of electricity by eycling
generating plants on or off at different timescales. Most grids also have some degree
of control over demand, through either demand management o load shedding.

Management of cither supply or demand has i P for supp
consumers and grid operators but is already widespread. Variability of wind output
creates a challenge 10 integrating high levels of wind into energy grids hased on
existing operating procedures. Critics of wind energy argue that methods 10 manage
variability increase the total cost of wind energy production substantially at high

levels of penetration, while supporicrs note that tools to manage variable energy
sources already exist and are economical, given the other advantages of wind energy
Supporters note that the variahility of the grid due to the Failure of power stations
themselves, or the sudden change of loads, exceeds the likely rate of change of even

very large wind power p ti There is mo g Ily accepied “mai " level
of wind p jon, and practical limitations will depend on the configuration of

existing generating plants, pricing mechanisms, capacity for storage or demand
management. and other factors. A number of studies for various locations have
indicated that up to 20% (stated as the proportion of wind nameplate capacity to peak
energy demand) may be incorporated with minimal difficulty. These studies have

Ily been for ions with ble geographic diversity of wind: suitable
generation profile (such as some degree of dispatch able energy and particularly
hydropower with storage capacily): existing or plated demand t;

1]

2.6.8 CO2 Emissions and Pollution

Wind power consumes no fuel for continuing operation, and has no

and interconnection/links into a larger grid arca allowing for import and export of
electricity when needed. Beyond this level, there are few technical reasons why more
wind power could not be incorp d, but the ic implications become more

significant and other solutions may be preferred. At present, very few locations have
penetration of wind encrgy above 5%, and only Denmark is in the range of this 20%
penetration level.

2.6.6 Energy Storage

One solution currently being piloted on wind farms is the use of rechargeable
flow baiteries as a rapid-response storage medium. Vanadium redox flow batieries arc
currently installed at Huxley Hill wind farm (Australia), Tomar Wind Hills at
Hokkaido (Japan), as well as in other non-wind farm applications. A further 12 MWh
flow battery is to be installed at the Some Hill wind farm (Ireland). The supplier
concerned is commissioning a production line to meet other anticipated orders. An
alternate solution is to use flywheel encrgy storage. This type of solution has bheen
implemented by EDA in the Azores on the islands of Graciosa and Flores. This
system uses an 1SMWs flywheel to improve power quality and thus allow increased
renewable energy usage. V2G (Vehicle to Grid) offers another potential solution. In
2006, several companies (Altaimano, A123 Systems, and Electrovaya) announced
lithium batteries which could power future EV's (Electric Vehicles) and PH EVs (Plug-
in Hybrid Electric Vehicles). A feature of these batteries is a high number of
charge/discharge cycles per battery litetime {Almimuano claim 15,000 cycles).

Download (charging) would preferably take place during periods of excess wind (or
solar) generation.
2.6.7 Predictability

Related 1o but essentially different from variability is the short-term (hours -
days) predictability of wind plant output. Like the other electricity sources wind
energy must be "scheduled” - a challenge because of the nature of the energy source.
To this end wind power forecasting utilities or system operators employ methods,
which methods are essentially similar to the more gencral weather forecasting
methods used by met offices to date for various reasons the predictability of wind
plant output is limited.

= The ecological and environmental costs of wind plants are paid by those using

the power produced, with no long-term effects on climate or local environment

emissions directly related to electricity production. Wind power stations, however,

in and jon, as do most other power
production facilities. Wind power may also have an indirect effect on pollution at
other production facilities, due to the need for reserve and regulation, and may affect
the cfficiency profile of plants used to balance demand and supply, particularly if

those facilities use fossil fuel sources. Compared 1o other power sources, however,

left for future generations.

2.6.9 Ecology

»  Because it uses energy alrcady present in the atmosphere, and can displace
fossil-fiuel generated eleciricity (with its accompanying carbon  dioxide

wind energy's direct emissions are low, and the materials used in construction

steel, gl 2 ¥ ) and are

straightforward. Wind power's ability 1o reduce pollution and greenhouse gas
emissions will depend on the amount of wind energy produced, and hence scalability.

= Wind power is a renewable resource, which means using it will not deplete the
carth's supply of fossil fuels. It also is a clean energy source, and operation
does not produce carbon dioxide, sulfur dioxide, mercury, particulates, or any

other type of air pollution, as do conventional fiossil fuel power sources.

Electric power production is only part of a counlry's energy use, so wind
power's ability to mitigate the negative effects of energy use — as with any
other clean source of electricity — is limited {except with a potential transition
to electric or hydrogen vehicles).

= The desired mitigation goals can be achieved at lower cost and to a greater
degree by continued improvements in general efficiency — in building,
manufacturing, and transport — than by wind power. During manufacture of

the wind turbine, steel, concrete, aluminum and other materials will have to be

made and ported using energy-i ive pi generally using fossil
ENETEY SOUFCES.

= The energy retum on investment (EROI) for wind encrgy is equal to the
cumulative electricity generated divided by the cumulative primary encrgy
required to build and maintain a wrbine. The EROI for wind ranges from 5 to
35, with an average of around 18. This places wind energy in a favorable
position relative to ional power i hnologies in terms of
EROI.

emissions), wind power mitigates global warming. While wind turbines might
impact the numbers of some bird species, conventionally fueled power plants
could wipe out hundreds or even thousands of the world's species through
climate change, acid rain, and pollution.

Unlike fossil fuel or nuclear power stations, which circulate or evaporate large
amounts of water for cooling, wind turbines do not need water 10 generate
clectricity.

2.6.10 Ecological Footprint
Large-scale onshore and near-shore wind energy facilities (wind farms) can
be controversial due to aesthetic reasons and impact on the Jocal environment. Large-
scale offshore wind farms are not visible from land and according to a comprehensive
§-year Danish Offshore Wind study on "Key Environmental issues” have no
discernable effect on aquatic specics and no effect on migratory hird patterns or
montality rates, Modem wind farms mike use of large towers with impressive blade
spans, occupy large areas and may be considered unsightly at onshore and near-shore
locations. They usually do not, however, interfere significantly with other uses, such
as farming, The impact of onshore and near-shore wind farms on wildlife-particularly
migratory birds and bats—is hotly debated, and studies with contradictory
lusions have been published. Two preliminary lusions for onshore and near-

shore wind devel seem 1o be

pported: first, the impact on wildlife is likely
low compared to other forms of human and industrial activity; second, negative
impacts on certain populations of sensitive species are possible, and efforts 1o mitigate

these cffects should be considered in the planning phase.
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2.6.11 Land Use

= Clearing of wooded areas is often unnccessary, as the practice of farmers
leasing their land out to companies building wind farms is common. Less than
1% of the land would be used for foundations and access roads, the other 99%
could still be used for farming. Turbines can be sited on unused land in
techniques such as center pivot immigation.

= The clearing of trees around onshore and near-shore tower bases may be
necessary 1o enable installation.

*  Wind turbines should ideaily be placed about ten times their diameter apart in
the direction of prevailing winds and five times their diameter apart in the
perpendicular direction for minimal losses due to wind park effects. As a
result, wind turbines require roughly 0.1 square kilometers of unobstructed
land per megawatt of nameplate capacity. A wind farm that produces the
energy equivalent of a conventional 2 GW power plant might have turbines

spread out over an area of approximately 200 square kil
= Areas under onshore and near-shore wind farms can be used for farming, and
are d from further devel

= Although there have been installations of wind turbines in urban areas,
buildings may interfere with wind, and the value of land is likely too high if it
would interfere with other uses to make urban installations viable. Installations
near major cities on unused land, particularly offshore for cities near large
bodies of water, may be of more interest.

«  Some offshore locations are uniguely located close to ample transmission and
high load centers however that is not the norm for most offshore locations,
Most offshore locations are at iderable di

may face ission and line loss chall

from load centers and

2.6.12 Impact on Wildlife
«  Onshore and near-shore studies show that the number of birds killed by wind
turbines is negligible compared to the number that die as a result of other
human activities such as traffic, hunting, power lines and high-rise buildings

and especially the environmental impacts of using non-clean power sources.
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CHAPTER 3
DESIGN CONSIDERATIONS

3.1 INTRODUCTION

Utilizing wind energy entails installing a device that converts part of the
Kinetic energy in then. Atmosphere 10, say. mechanically useful energy. This kind of
conversion of wind energy into the motion of & body has been in use for a long time.
Almost any physical construction that produces an asymmetric foree in a wind flow
can be made to rotate, translate o oscillate there by generating power.

3.2 POWER OF MOVING AIR MASS

If a body mass m'moves with speed v it has the energy E=1/2 mv". The
mass of air for a given volume with known air density (p). Mass m = pV. The volume
streaming through the rotor circle F is per time unit V=Fv.

Figure 3.1 Mass flow through a surface
+ e
From the above equations the power of the air per unit time results is P=1/2 pv F.

3.3 WIND TURBINE POWER
Pawer from the wind turbine rotor is P1=Cpl/2 pv'E.where, Cp is called the
power coefficient and the Cp is the percentage of power in the wind that is converted
into mechanical energy and calculated from following equations, And for the
of this 1 the following should be valid: firstly. the air should be
Iy true for wind speeds below

regarded as pressible, which is app
100m/s. secondly, the converter should not have any acrodynamic (or) mechanical

losses.

I
)

= Some onshore and near-shore windmills kill birds, especially birds of prey.
More recent sitting generally takes into account known hird flight patterns, but
some paths of bird migration, particularly for birds that fly by night, are
unknown,

= The numbers of bats killed by existing onshore and near-shore facilities has
troubled even industry personnel.

2.6.13 Aesthetics
»  Recorded experience that onshore and near-shore wind turbines are noisy and

visually i ive creates resi to the i of land-based wind
farms in many places. Moving the turbines far offshore (10 km or more)
mitigates the problem, but offshore wind farms may be more expensive and

ission to on-shore locations may present challenges in many but not all

cases,

«  Some residents near onshore and near-shore windmills complain of “shadow
flicker.” which is the altemating pattern of sun and shade caused by a rotating
windmill casting a shadow over residences

= Large onshore and near-shore wind towers require aircraft waming lights,
which create light pollution at night, which bothers humans and can disrupt
the local ecosystem.

»  Newer wind farms have more widely spaced turbines due to the greater power
of the individual wind turbines, and to look less cluttered. The aestheties of
onshore and near-shore wind turbines have been compared favorably to those

of pylons from conventional power stations.
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3.4 AERODYNAMICS OF THE WIND TURBINE

The three bladed rotors is the most imporiant and most visible part of the
wind turbine. It is through the rotor that the energy of the wind is transformed into
mechanical energy that turns the main shaft of the wind turbine,

3.4.1 Basic Theory

Aerodynamics is the science and study of the physical laws of the behavior
of objects in airflow and the forces that are produced by airflows. The front and rear
sides of a wind turbine rotor blade have a shape roughly similar to that of a long
rectangle, with the ediges bounded by the leading edge, the wailing edge, the blade tip
and the blade root. The blade root is bolted to the hub. The radius of the blade is the
distance from the rotor shaft 1o the outer edge of the blade tip. Some wind turbine

blades have moveable blade tips as air brakes, and one can often see the distinct line

separating the blade tip component from the blade itself. If a blade were sawn in half,
one would see that the eross section has a streamlined asymmetnical shape, with the
flattest side facing the oncoming airflow or wind. This shape is called the blades
aerodynamic profile.

3.4.2 The Aerodynamic Profile

The shape of the aerodynamic profile is decisive for blade performance. Even
minor alterations in the shape of the profile can greatiy alter the power curve and
noise level. Therefore a blade designer does not merely sit down and outline the shape
when designing & new blade. The shape must be chosen with great care on the basis of
past experience. For this reason blade profiles were previously chosen from a widely
used catalogue of airfoil profiles developed in wind tunnel research by NACA (The

United States National Advisory C ittee for A 1cs) around the time of the
Second World War. When the rotor is stationary, as shown in drawing (A) below, the
wind has a direction towards the blade. at a right angle to the plane of rotation, which
is the area swept by the rotor during the rotation of the blades, The wind pressure is
roughly in the same direction as the wind and is also roughly perpendicular to the fial
side of the blade profile. The part of the wind pressure blowing in the direction of the
rotor shaft attempts to bend the blades and tower, while the smaller part of the wind



pressure blowing in the direction of the rotation of the blades produces a torque that
attempis to start the wind turbine.
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Figure 3.2 Airflow around a blade profile, near the wing tip

Once the turbine is in operation and the rotor is tumning, as is shown in the center
diagram (B), the blade encounters a head wind from its own forward movement, The
strength of head wind ar any specific place on the blade depends partly on just how
fast the wind turbine blade is rotating, and partly how far out on the blade one is from
the shaft. The force will not be in the direction of the resulting wind, but almost at o
right angle to the resulting wind. In the drawing on the right (C} the force of the wind
pressure is again split up into a component in the direction of rotation and another
component at a right angle to this direction. The force at a right angle 10 the plane of
rotation attempts to bend the blade back against the tower, while the force points in
the direction of rotation and provides the driving torque. We may notice two very
important differences between the forces on the blade. One difference is that the
forces on the blade become very large during rotation. If vector arrows illustrating the
forces in the diagrams were drawn in a scale that was indicative of the sizes of the
different forces, then these vector arrows of a wind turbine in operation would have
been 20 times the size of the vector arrows of the same wind turbine at rest. This large
difference is due to the resulting wind speed of 51 m/s striking a blade during
operation, many times the wind speed of 10 m/s when the wind turbine is at rest. The
hlade head wind Iting from its own 5 however head wind is
of far greater importance on a wind turbine blade.

near

when the blade meets the head wind of its own nt. The fast
the wind turbine operational rotational speed places great demands on the electrical
cut-in system that must capture and cngages the wind turbine without releasing

encessive peak electrical loads 1o the grid.

3.4.4 Change of Forces along the Blade

The drawings previously studied, mainly illustrate the airflow situation near the blade
tip. In principle these same conditions apply all over the blade, however the size of
the forces and their direction change according to their distance to the tip. The

situation near the blade root, we will obtain slightly different resulis as shown in the

drawing below,

Figure 3.4 Air flow around a blade profile near the blade root

In the stationary situation (A) in the left hand drawing. the force becomes slightly
larger than the force at the tip, as the blade is wider at the root, The pressure is once
again roughly at a right angle to the flat side of the blade profile, and as the blade is
more twisted at the root, more of the force will be directed in the direction of rotation,
than was the case at the tip. On the other hand the force at the root has not so great 3
torque-arm effect in relation to the rotor axis and therefore it will contribute about the
same force to the starting lorque as the force at the tip. During the operational
situation as shown in the center drawing (B}, the wind approaching the profile is once
again the sum of the free wind s and the head wind from the blade rotational
movement through the air. In the drawing on the fight (C) force is broken down into
wind pressure against the tower, and the blade driving force Fd in the direction of
rotation. In comparison with the blade tip the root section produces less aerodynamic

forces during operation, however morc of these forces are aligned in the correct
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3.4.3 Lift

Lift is primary duc to the physical phenomena known as Bemoulli's Law. This
physical law states that when the speed of airflow over a surface is increased the
pressure will then drop. This law is counter to what most people experience from
walking or cycling in a head wind, where normally one fecls that the pressure
increases when the wind also increases an air flow blowing directly against a surface,

but it is not the case when air is flowing over a surface.

Figure 3.3 Airflow around an aerodynamic profile

The aerodynamic profile is formed with a rear side that is much more curved than the
front side facing the wind. Two portions of air molecules side by side in the air flow
moving towards the profile at point A will separate and pass around the profile and
will once again be side by side at point B after passing the profile’s trailing cdge. As
the rear side is mare curved than the front side on a wind turbine blade. this means
that the air flowing over the rear side has to travel a longer distance from point A to B
than the air flowing over the front side. Therefore this air flow over the rear side must
have a higher velocity if these two different portions of air shall be rewnited at point
B. relater velocity produces a pressure drop on the rear side of the blade, and it is this
pressure drop that produces the lift. The highest speed is obtained at the rounded front
edge of the blade. The blade is almost sucked forward by the pressure drop resulting
from this greater front edge speed. There is also a contribution resulting from a small
over-pressure on the front side of the blade, Compared to an idling blade the
aerodynamic forces on the blade under operational conditions are very large. The
wind turbine will start to rotate very slowly at first, but as it gathers speed it begins o
accelerate faster and faster. The change from slow to fast acceleration is a sign that
the blade’s acrodynamic shape comes into play. and that the lift greatly increases
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direction, that is, in the direction of rotation. The change of the size and direction of
these forces from the tip in towards the root, determine the form and shape of the
blade. Head wind is not so strong at the blade root, so therefore the pressure is
likewise not so high and the blade must be made wider in order that the forces should
be large enough. The resulting wind has a greater angle in relation to the plane of
rotation at the root, so the blade must likewise have a greater angle of twist at the root.
It is important that the sections of the blade near the hub are able to resist forces and
stresses from the rest of the blade. Therefore the root profile is both thick and wide,
partly because the thick broad profile gives a strong and rigid blade and panly
because greater widih, as previously mentioned, is necessary on account of the
resulting lower wind speed across the blade. On the other hand, the aerodynamic
behavior of a thick profile is not so effective. Further out along the blade, the profile
must be made thinner in order 1o produce scceptable aerodynamic properties, and
therefore the shape of the profile at any given place on the blade is a COMPromise
between the desire for strength (the thick wide profile) and the desire for good
aerodynamic properties (the thin profile) with the need to avoid high acrodynamic
stresses (the namrow profile). As previously mentioned, the blade is twisted so that i
may follow the change in direction of the resulting wind, The angle between the plane
of rotation and the profile chord, an imaginary line drawn between the leading edge

and the trailing edge, is called the setting angle, sometimes referred to as Pitch.

3.4.5 What happens when the wind speed changes?
In order to understand blade behavior at different wind speeds, it is necessary 1o
understand a little about how lift and drag change with a different angle of attuck.

Figure 3.5 Angles of the profile
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This is the angle between the resulting wind and the profile chord. In the
drawing below the angle of attack is called setting angle. The setting angle has a fixed
value at any one given place on the blade, but the angle of attack will grow as the
wind speed i The 1 i perties of the profile will change when the

angle of attack changes. These changes of lift and drag with increasing angles of
aitack are illustrated in the diagram above used to calculate the strength of these two
forces, the lift coefficient and the drag coefficient. Lift will always be at a right angle
to the resulting wind, while drag will always follow in the direction of the resulting
wind.

3.4.6 The Stall Phenomena
The sbove di showing the p of lift and drag illustrate the

result of stall. Lift diminishes and drag increases at angles of attack over 15 degrees.
A stall is understood as a situation during which an angle of attack becomes so large
that the air flow no can fonger flow smoothly, or laminar, across the profile. Air
looses contact with the rear side of the blade, and strong turbulence occurs. This
separation of air masses 1l progressively from the trailing edge, so

the profile gradually becomes semi-stalled at a certain angle of attack, but a full stail
is first achieved at a somewhat higher angle. From the diagram showing the lift and

drag components, one can estimate that the separation al the trailing edge stans at
about 12 degrees, where the curve illustrating lifts starts to fall. The profile is fully
stalled, and the sirflow is separated all over the rear side of the blade at ahout 20
degrees. These figures can greatly vary from profile 1o profile and also hetween
different thicknesses of the same profile. When the stall phenomenon is used 10
restrict power output, it is important that blades are tnmmed correctly. With the steep
lift curve, the angle of attack cannot be altered very much, before maximum output
also changes, therefore it is essential thar the angle of the blade is set at the correct
value. One cannot alter the different angles on the blade itself, once the form, shape
and blade molding has been decided upon and fabricated. So we normally talk about
calibrating the tip angle. Not because the blade tip has any special magical properties,
but we can place a template at the tip, which allows us to make measurements using a

theologize. Adjusting of the tip angle can therefore be d as an ple of

how the angle of the total blade is adjusted. Importance for power output limitation is

also the fact that in practice lift and drag normally behaves exactly s would be
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radial loads from the weight of the rotor, shaft, ete and the large axial forces resulting
from the wind pressure on the rotor.

Clamping unit - By the means of a clamping unit the main shaft of the wind turbine
is coupled to the gearbox. The gear has a hollow shaft that fits over the rear end of the
main shaft torque between the two compenent is transferred by friction between the
two. Transferred torque is dependent upon friction between the main shafi and the
hollow shaft,

Gearbox - Placed between the main shaft and the generator, its task 15 to increase the
slow rotational speed of the rotor blades to the generator rotation speed of 1000 {or)
1500 rpm. Here gearbox has always a constant and a speed-increasing ratio. So that if
a wind turbine can operate at different operational speeds.

3.6 GENERATOR

The generator is what convens the tuming motion of a wind turbine’s blades

into icity. Inside this P coils of wire are rotated in a magnetic field 1o
produce electricity. Different generator designs produce either altenating current {or)
direct current and they are available from low range to large range of output power
rating. The generator’s rating or size is dependent on the length of the wind turbines
blades because longer blades capture more energy.

3.7 CONTROL/BRAKING SYSTEM

The system working basic principles of centrifiugal action of balls it is controllers the
rotor rpm through governors. The rotor can be stopped under most wind conditions
using the manual braking for low power wind turbine systems and electromagnetic
brake for large systems. But frequent use of mechanical braking function is not
advisable because of the heat stress it puts on the alternator, particularly when the
winds are strong, In this case we have one more option by electrical braking system,
where the controller circuit controls the rotor rpm.

Electrical storage - Balteries are the most from of electrical storage, where
heat, rather than electricity is the desired end product of a wind turbine application hot
water is the usual storage medium; Batteries can store and deliver only dc power.

Unless an inverter is used to convert de to ac, only de appliances can be operated from
the stored power.
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d from the th ical calculati H this 15 not always the case.
Separation can often occur before expected, for instance due to dirt on the leading
edges, or it can be delayed if the air flow over the profile for some reason or other, is
smoother than usual. When separation occurs before expected, the maximum

obtainable lift is not as high as otherwise exp and i output is
lower. On the other hand, delayed separation can cause continuous excessive power

production output. Accordingly profile types chosen for our blades have stable stall
1 with little tend 0 changes. From time to time,

however, it is sometimes necessary to actively alter the stall process. This is normally
done by alteration 1o the leading edge, so that a small well-defined extra turbulence
across the profile is induced. This extra turbulence gives a smoother stall process. An
area of rougher blade surface, or a wangular strip, fixed on the leading edge, can
create turbulence. This stall strip acts as a trigger for the stall so that separation OCcurs
simultaneously all over the rear side. On a wind turbine blade, different air flows over
the different profile shapes interact with each other out along the blade and theretore,
as o nule, it is only necessary to alter the leading edge on a small section of the blade.
This altered section will then produce a stall over the greater part of the blade.

3.5 TRANSMISSION SYSTEM

Hub - The blades on all wind turbines are bolded to the hub. The hub is cast in a
special type of strong iron alloy called *SG cost iron". Because of the complicated hub
shape which is difficult to make in any other way. It is convenient 1o use cast iron,
Main shaft - The main shaft of & wind wrbine is usually torged from hardened and
d steel. dening and ing is result of forgoing the axle after it has

been heated until it is white hot at about igrade. By b ing {or}
rolling the blank is formed with an integral flange. to which the hub is later bolter.

Main bearings - All modem wind turbines have spherical roller bearings as main
bearings. The term spherical means that the inside of the bearings outer ring is shaped
like across section of a ball. This has the ge of ing the bearings inner and

outer ring to be slightly slanted and out of track inner and outer ring to be slightly
slanted and out of track in relation to each other without damaging the bearing while
running. The spherical bearing has two sets of rollers. Allowing both absorption of’
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3.8 TOWER
‘The smooth flow the wind ever the land is interrupted by obstructions and the
fand is interrupted by obstructions and topographical variations. These interrupti

bring about two important phenomena: wind shear and turbulence wind shear
describes the fact that close to the ground the wind is slowed down by friction and
influence of obstacles. This, wind speed is low close to the ground and increase with
increasing height above the ground. Wind shear is more pronounced over rough
terrain and less pronounced over smooth terrain, Turbulence is cssentially rough air
caused by the wind passing over obstructions such as trees, buildings (or) terrain
features. Turbulent air reduces energy output and puts greater strain on the wind
turbine, The effects of both wind shear and turbulences diminish with height and can
be largely over come simply by putting the machine sufficiently high above the
ground. Taller towers usually will provide better economics because the power in the
wind increase as the cube of the wind speed will result in a large increase in long-term
energy output.

Tail bly - The tail bl posed of a tail boom and the tail fin, keeps the

power head at perpendicular of the wind direction. Where, the fiberglass material is
used.

3.9 SITE SELECTION

Site selection may have a significant effect on annual energy production. It is
typically worth the additional time and effort to locate the proper size 1o maximize
energy production and maintain the wind turbine expected life. The following sitting
factors should be idered. Wind 1 ics, annual average wind
speed must be 4.5m/s, prevailing wind direction, turbulence, peak wind speed, height
and location of obstructions, local restrictions relative to height, proximity to

boundaries, tower height, site accessibility and its effect on construction and

maintenance costs.



CHAPTER 4
DESIGN SPECIFICATIONS

The specifications for the proposed wind turbine are given below:

4.1 SYSTEM : S00warts
[i] Type : Stand alone system

4.2 PERFORMANCE PARAMETERS

[i] Rated electrical power = 500 watts

ii] Rated wind speed

{iiii} Cut in wind speed

[iv] Cut out wind speed : 20-25mis
43 ROTOR

[il Type of hub : Fixed pitch

[ii] Rotor diameter :20m

[iii] Number of blades 1 Three

{iv] Rotor speed at ratwin.speed : 100- | S0rpm

[v] Location relative 10 tower  : Up wind

4.4 BLADE
[i] Length :08m
[ii] Material : Gilass fiber
[iii] Root chord : 30mm
[iv] Maximum chord : 120mm
{v] Tip chord : 45mm
[vi] Blade trailing edge : Parabolic
4.5 GENERATOR
{i] Type = AC generator
[ii] Watts at rated wind speed < 500w
[iii] Speed in rpm : 1000rpm
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CHAPTER 5

DESIGN METHODOLOGY

5.1 INTRODUCTION

Wind energy systems as other energy systems have to be planned carefully o
achieve relinbility and low cost. They are by their nature very sensitive 1o
meteorological phenomena because these do nat only influence normal operation (by
the given wind conditions) but can disrupt the service, augment demands of require
consideration for environmental reasons. From the system analysis and investigation.
the design steps are fixed for low power wind turbine system. The steps stan with
wind velocity analysis. turbine blade design. nacelle design and tower design. This
chapter discussed wind velocity analysis and turhine blade design only.

5.2 WIND VELOCITY ANALYSIS

Meteorological information for wind energy use should contain high
resolution spatial maps of regional wind climatology's derived by special algorithms,
As @ prerequisite, models for i d wind data into objective scale

representative values must be used, because measured meteorological data very often
are unrepresentative. Furthermore short term forecasts of wind speed (2448 hours)
for scheduling and dispatching may be a favorable method to optimize wind energy
buying and sclling by the wind farm operators. These foreeasss have 1o be highly
accurate local forecasts with an uncertainty of less thar 15 percent and should be
based on o numerical weather prediction. Basically, for sitting and yield estimation
the following data and information must be finding from measuring devices and
p ness of data. M bservations are time series of wind speed
and wind direction (hourly or 10-minut i winds or gusti and
Lightning frequencies.
Site selection is typically worth the additional time and effon to locate the

proper size to maximize energy production and maintain the wind turbine expected
fife. Site selection may have a significant effect on annual energy production. For the
site selection wind velocity should have to analyze in installing area. Before the wind

4.6 TRANSMISSION

[i] Type « Gear system

[ii] Rotor to gencrator speed ratio: 1210

[iii] Lubrication < ail
4.7 YAW SYSTEM

[i] Nesmal : By tail vane rotates 360 deg

[ii] Structural = Yaw bearing mounted on tower tip
4.8 TOWER

[i} Type : Lattice tower

[ii] Tower height : 10m
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turbine erection in a particular area, we have 1o measure and record the speed of wind

by using anemometer. So first we started with analyzing wind velocity in our area by

using our PC i § record able “The velocity of the wind is analyzed
and found to be varying with seasons, days and hours. As we know the maximum
required wind velocity to generate the power in the existing system is around 3 m/s.
But in our case we got only 1.0-5.0 m/s wind velocity even in the windy season itself.
S0 ta over come this situation we decided to design a low power wind turbine to

generate electric power sati ily with the available low wind velocity (1.5 m/s).

The below graph [Figure. No 5.1] shows the July, August. September, and
October 2006 wind velogity in mfs. From the graphs it is cleared that the maximum
wind velocity available in July Sm/s, August 5.5 m/s, September 2,75 mis and
October 1.5 m/s. Even though these months are windy season, our area wind velocity
is very low. And the graph [Figure. No 5.1] shows maximum wind velocity  in
December 06 1.5 m/s, in January 2007 1.7 mis. in Febeuary 2007 1,75 m/s and in
March 2007 1.5 mis. this is very low wind for energy production. So to over come
this situation and make use of this low wind for through out year production we
planined to design the blades as per the acro dynamic principles.
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Figure 5.1 wind velocity analysis graphs
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Figure 5.2 wind velocity analysis graphs

5.3 Turbine Blade Design

The wind turbine blade is designed as per the acrodynamic principles to cbtain
the maximum power available in the wind. Blades are one of the most critical and
visible. Components of wind wrbine rotor blades can be made from almost any
material. Fiber glass has grown increasingly popular. It is strong. relatively
inexpensive and has good fatigue characteristics.

thickness
mean camber line

trailing edge

chord line

Figure 5.3 Acrodynamics of blade
Airfoils are a family of shapes which are characterized by a blunt nose and a finely
tapering tail, They can be either symmetrical or not, Their property is thata flow can
follow their curved surfaces with out separation. The effect is that they can develop s

Table 5.1 Mean chord line design formulas

Radius (m) T 043 | 108 1.68 730 | 292 |
U= (2aml60) [m/s]
1350 | 3297 | sa7s | ma22 | 9nes
n =30 rpm
Coo = Co [MiS] 75 R RS 175 75

B = tan (/) [deg) 738 303 e | 138 1.00
Cia=(gHU) [mis] | 0083 0034 | 0023 | 0015 | 0012

Bz =tan " (Cr/(U-Cis) 743 304 1.9 138 | 109
F—afpp | 085 | oot | o | o | O
T n 0.5 04 028

t=2arZ [m]
0.96 219 351
Z=3
Bladc length 1, (m) 048 088 0.98

Fy=T/Z ~((60gHy(n2)) | 009 009 | 009
W = UL (TiWiART)) 1348 | 32096 | SLM

I, = tan (ol W) 739 303 )
T W.= (Cmisin ) 156 | 3.10 | 5278
T =T (W ) G0132 | 00038 | 0.0017 | 0.0015 | 00054 |
| Final pitch angle o | =3 rHe—
= P2+ sharp angle( 50} 12 3 T 6.3 [

| e

From the above steps and table [Table No.3.1| we can caleulate the blade
rated speed, energy coefficient. radius. length thickness. pitch angle by giving the
inputs like wind velocity and required output power, The angle of attack is the
smallest angle which makes with the surface of rotors. The force which the surface
experiences, perpendicular to the stream is the lift and that which is parallel to it is
drag. The shape of the tips of the blades is detennined according to their duties they
perform. The asrodynamic blades of a wind turbine extract more power from the
surroundings al their tips than they do near the hub. This is expressed as lip speed

ratio.

lift many times. Where the important caleulating factors are pitch angle, mean camber
line, absolute angle and blade profile values.
The following steps are used to calculate the mean camber line:
Sepl: H= vig
= (1.5)7 (2*9.81)
=0.1146 m
Siep2: P=HQr
Q= 250/ (0.1 146°9.81*1.1)
= 202.2 m3/sec
Swepd A=QV
=202 /15
= 134.8 m2
Siepd: ny=n(N) /()
= 1 50/0.0666
=2252.25 rpm
Step 5:d bar = 0.1 and Com 175
Step 6 D= (Qf (x (1-(d bar) 2) Co) '*
=6lm
Step 7: Dy=d bar® Dy
=061m
Step 8: (i) ri= ((Dy/2) +(0.02*D))
=043 m
(i) g = ((D2) + (0.02° DN}
=292m
(i) = (rl+r5)2
=1.65m
(i) g = (rstes)2
=23m
() ra=(ryrs)2
=108 m
Step 9: Ky = (H/ ((W60)'(D")))
= 1.23*10-4
Step 10: Ko = (QF (n/60) (D))
=0.1781

a7

Table 5.2 Blade profile value design formulas
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Wind turbine design entirely depends on [ift and drag coefficients, The lift co
cfficient must be minimum. This implies that air foil must be at angle of atack
consistent with high 1ift but not very high that the blade starts stalling. The air foil
must be set at a blade angle relative 1o its direction of motion in order 1o adjust angle
of atiack. When once the machine is running, 100 many blades may interfere with
cach others air flow and thus limits the speed and hence reduces the power developed
so the three blade system is more efficient than others. From the above design steps.
the blade is designed as shown in the below figure [Figure No 5.4].



Figure 5.4 proposed blade design
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Iuis i to remark the d: ic efficiency is maximum at an optimum tip

speed ratio. The turbine torque is obtained by dividing turbine power by turhine
speed.

To(Voan) =Y xp ROV G () (6.3)
Where C, (P) is the torque co-eficient of the turbine and is given by
C(3) = Co b (6.4)
The power co efficient Cy is given by
Cy (R = (11672, — (0.4% Pr-5) 05 e (-165/4) (6.5)
Where, B L (1 (30,089 BR-0.035/ Byt 1) {6.6)
The pitch angle can be calculated from the following M-file prog
Close all;
Cle:
Clear all:
He=input {‘enter the total head-H'):
Q=input (‘enter the flow e~y
n=input ('enter the speed-n')

ns=3.65"n"sqrt (Q)power (H, 34}
kbar=input ('enter the constant kbar'):
Co=kbar*power ((Q*power (n, 2)). 113
dhar=input ('enter the constant dbar’);
Do=sqrt (Y (pi*(1-power (dbar, 2))*Col):
dni=dbar* Do;

Kh=H/ (power (n/60. 2)* power (Do, 21
Kq=(/ ({(n/60)*power (Do, 33

r1= (dn1/2) +0.02* Do:

5= (Do/2H0.02* Do):

3= (rl+rS)y2.

2= (rl+r3y2:

ré= (r3+rSy

r=input (‘enter the radius "r" in mm').
D=2*r/1000;

Cm=Co;

u=pi*D*n/60;
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CHAPTER 6
SIMULATED MODEL OF WIND TURBINE SYSTEM

6.1 SIMULATION MODEL DIAGRAM

Figure 6.1 Overall Simulation model of Wind Electric System.

6.1.1 Wind Turbine Model
“The basic wind energy conversion device is the wind turbine. A wind wrbine
is a machine used for converting the Kinetic energy into the mechanical energy. There
are two types of wind turbing namely vertical axis and horizontal axis, Horizontal axis
wind turbine due to the advantage of ease in design and cheaper in cost for higher
power ratings, The power capiured by the wind turbine is
P=Y%apR'VC, (6.0}
The power coefficient Cy is a nonlinear function of wind velocity and blade pitch
angle and is highly dependent on the constructive characteristics of the turbine. It is

represented as a function of tip speed ratio

=RV (6.2)
4
betal= {atan (Cm/u))® | 80/pi:
2298
eh=1-{0.42/power ({log 10 (Do)-0.172).2)):
Cu2=g*Hieh*u).
sl=u-Cul;

beta2= (atan {Cm/s1))* | 80Vpic
delbera=hetal-betal:
Ibyt=input (‘enter the 1 ratio’):
F=input (‘enter the number of blades'):
eve L 140.68* power (ns.-2/3):
2% pi*riz;

=™t

disp (LENGTH'):
gamma=60°g*H/ (eh*n);
gamma | ~gamma/z;
Cmi=Colev;

wiu=u-{gammal f{4*pi®r)}.
alphai=atan (Cm/wiu)® 1 80/pi;
wi= (Cmsin (alphai®pi/ 1800}
j1= (gammali{wi*11)k

j2=input {‘enter the value of (gammal{wi*I*beta)) from figure'):

betad= (j1* 100042)* 180/pi;
disp ('PITCH ANGLE"):

delalphai=input ('enter the value of delalphai from figure’):

alphafinal=delalphai+alphai:

k1=11"cos (alphai®pi/ 130}

K2=11*sin (alphai*pi/1 80);

alpha2= (atan (Cm1/Cu2))* 180/pi;

delm=input ("enter the value of delm'):
delmbar=delm/1:

fbar= (tan {{beta3/2)*pi/ 180)1'2;

k3=input ('enter the value of (dalfbar/delmbar));
delfbar=k3*delmbar;

fharimp=fhar+delfbar,
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betaimp=2*atan(2* fharimp)* | 80/pi:
R=11/(2*sin{betaimp*pi/180))
disp('RADIU
theata=betaimp*2;

disp (INCLUDED ANGL
disp (theata);

From the following steps we ¢a caleulate the co-ordinates of profiles for blades. I

varies in near hub and at the tip of the blade.
%% Co-ordinates of profiles for blades

X

put (‘enter the value of “x™)

I=input (‘enter the value of "1™}

y=input {'enter the value of "y™y
ymax=input {"enter the value of "ymax™)
shar=x/l;

vhar=y/ymax;

6.1.2Permanent Magnet Synchronous Generator

Permanent magnet synchronous generators provide an optimal solution for
variable-speed wind turbines. using either a gearless or single-stage pear
configuration. This eliminates the need for separate base frames. gearboxes,
couplings, shaft lines. and reassembly of the nacelle. The output of o permanent
magnet synchronous generator can be fed 1o the power grid via power converters.
This provides a high overall level of efficiency. while keeping the mechanical
structure of the turbine simple .In PM machines, the excitation or field winding is
replaced by a permanent magnet and. of course. no external source of electrical

energy is required

Fig 6.2 Equivalent circuit per one phase of synchronous Generator
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6.1.4 PWM Inverter

The converter that changes a de voltage to an altemating voltage is called an
inverter. For providing adjustable frequency power to industrial applications, three
phase inverters are more common than single-phase inventers, Gating signals for
PWM Inverter switches are gencrated by Sinusoidal Pulse Width Modulation
Technigue (SPWM). In this SPWM comparing a Sinusoidal reference signal with a
triangular carrier wave of frequency fc generates gating signals, The frequency of
reference signal I, determines the inverter output frequency 1 and its peak amplitude

comrols the modulation index and then in turn the rms cutpul voltage.

6.2 SIMULATION RESULTS
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Figure 6.3 PMSG output voltage curve
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Figure 6.4 Rectifier output voltage

Generated emf/ phase ==V ok L 2 16.7)
Where. Z= (Ro+Xa) (6.8)
“The rotor reference frames of the voltages are
V= = (RytLygp) by oy Ly Lyt o, /m (6.9
V= - (Ry+lap) les oo, Lyl 16.10)
The expression for the elec ic {(EM) torque in the rotor is the relationship

between the angular frequency of the stator voltage (r) and the mechanical angular

velocity of the rotor {m) may be expressed as

Te= (372) (P 2) ({LrLa) Ll Bl (6.11)
= Po2 wyG (6.12)
P, = (P2Hg) (T Ty) 16.13}

Pa=ty {6.14)
Torque developed by the trbine Tt and the input to the generator Tm is expressed as
T=T/G {6.15)

6.1.3 Rectifier
A three-phase diode bridge rectifier converts the AC output voltage from the
generator terminal, which is variable in magnitede and also in frequency, in to DT,

The average output voltage of the three-phase diode rectifier is

Vo= (3*Val 7 (6.16)
The average load current of the three-phase diode rectifier is

=V 1Ry (617}
The Rms value of load current ol the three-phase diode rectifier is

! rerl Ry (6.18)

6.1.4 Boost Chopper
The conversion of fixed DC voltage to an adjustable DC outpur voliage.
through the use of semiconductor devices, can be carried out by the use of DC — DO
converters or chopper circuits,
The output volage for Chopper
Vo = Vi (T/ (T-Tunlh (6.19)
Vo= (Vi / (1kD (6.20)
Where, K =Duty ratio of the chop
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Figure 6.6 PWM inverter output voltage



CHAPTER 7
FUTURE ENHANCEMENTS

Future work will include the design of the generator and tower and the
fabrication for low power wind wrbine system. This entire small wind turbine is
“rated” 1o operate at just 1.5m/s wind velocity instead of the usual 3m/s rating of other
turbines. All of this means that this turbine will capture more energy over a range of
different wind speeds that are realistic on most sites. On top of this, this wrbine will
“cut-in" at a much lower speed, which means that the wind turbine spends more time
gencrating energy instead of ‘freewheeling” in low wind speeds. It is possible 10
mount a turbine on a house or building (often called a roof-mount). However this
should be considered as a last resort as the turbine will be less efficient due 1o the
turbulence caused by the building itself. This will result in less power production and
will increase the stresses on the wrbine due to turbulence. A specially designed anti-
vibration system should be employed to help prevent vibrations from the turbine from
being transmitted to the building. It is recommended to mount the turbine as high as
possible away from obstructions such as buildings and trees. This will greatly
improve the power production of the turbine.

Apart from this, the turbine can also be designed for vertical axis, which can
be more suitable in high tower buildings like Nats and multistory buildings. The
design consideration can alsa be extended to the control system of the turbine blades
which will give better performance.
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CHAPTER 8
CONCLUSION

In this project, a novel technique has been proposed for the design and
fabrication of blades that can be used for low power aero generators, where the
turbine blades are designed as per the serodynamic principles to produce the
maximum power ai an available low wind. From the wind velocity analysis, the
power production will be based on the various factors like wind velocity, area and
fime. And M-FILE programme has been written for blade design. By wsing this
programme, we can calculate blade design parameters such as length, pitchangle,
absolute angle by giving the input parameters like availability of wind and
requirement of power. The simulation results show the possibility of producing

efficient power with various wind velocity and pitch angle. The advantage of this
approach is that the system can run at low wind speed. producing sufficient power at
low cost for rural areas,
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