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Wind Energy 1

Hi friends, now we will discuss on the topic wind energy. As you know, the wind is nothing
but the flow of air or the motion of air. All we have seen that in case of fan, we get air motion
and we have to apply electricity, then electricity helps the movement of the fan blade and that
is electrical to mechanical energy conversion and then movement of the fan blade gives some
motion to the air, so that is the air is getting some motion, and it is getting some energy inside

it that is the Kinetic energy of the air when it is in motion.

So that way, electrical energy is converted to the kinetic energy of the air in case of fan. Now
if you can develop a certain device which can work in the reverse principle of the fan, then
we can be able to convert the kinetic energy stored in the air into electrical energy. So, the
principle of wind energy is this one and we will discuss more about this wind energy in two
classes.
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In this class, our content is the wind as a source of energy, then wind energy system. We will
also discuss types of wind machines and then energy production from wind and wind energy
computation and the nature of wind and selection of site.
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Wind as a source of energy

# Wind is simply air in motion. It is caused by the uneven heating of the Earth's surface by the sun. Because
the Earth's surtace is made of very diferent types of land and water, it sbsorbs the sun's heat at difterent
rates. One example of this uneven hesting can be found in the daily wind cycle.
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Now, we will see wind as a source of energy. As you know that wind is nothing but the
motion of air, so air gets some velocity and this is because of the uneven heating of the
earth’s surface. Earth’s surface we have land area, we have water. So land and water both are
not equally heated. So we know that the land gets heated very quickly with respect to water
and again gets cooled very quickly with respect to water. So during daytime, the land area

gets heated quickly and becomes warmer than the water.

So air at the land being warm up goes upward and the cold air on the water moves towards
the land area. So we get one movement of air or the motion of air that is called wind, so that
wind is generated in the daytime in that way, and the nighttime the reverse directions we can
get. So, this is the reason why we can get the wind and this wind gives some Kkinetic energy to

the air and that kinetic energy we can convert into the electrical energy.

Once we want to get the electrical energy or mechanical energy from the wind, then we have
to get good velocity of the wind and we know that the more wind speed more is the velocity
of atmospheric air and more is the kinetic energy.

(Refer Slide Time: 03:59)
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Wind as a source of energy

# W energy s the kinetic energy associated with the movement of atmospheric air, |t has been used for
hurdreds ot years for sailing, grincing grain and far irrigation,.
#  Wind energy systems corwert this kinetic energy to more useful forms of power.

# Wind energy s now the second fastest-growing source of electricity in the world, with a global installed
capacity of 539,581 megawatts (MAW) at the end of 2017, _-
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So now we will see the wind energy is the kinetic energy associated with the movement of
atmospheric air. It has been used for hundreds of years for sailing, grinding grains and for
irrigation. So these are the ancient applications of the wind energy and recent application is
the electricity production. So wind energy systems convert this kinetic energy into more

useful forms of the power.

Then in 2017, report says that in the world we have 539,581 megawatts wind energy
production capacity and the total production of this 539,581 megawatt electricity is produced
in the world, out of this around 85% that is equal to 456,572 megawatt is produced in 10 top
countries and this 15% is produced in the rest of the world. So if we think about the top 10
countries around the world producing wind energy, the China ranks the first position, it is

188,232 megawatt capacity and its share is 35%.

So in China around 35% energy is produced from the wind. For US, the second position,
89,077 megawatt that is 17% share, for Germany the third position 56,132 megawatt and the
share is 10%, for India we have 32,848 megawatt with a share of 6% energy. So out of the
total energy produced in the country, we are having 6% percent of the wind energy. Spain,
we have 23,170 megawatt and 4% that is their share, then United Kingdom 18,872, it has 3%

share.

Then France 13,759 megawatt with 3% percent share, then Brazil 12,763 megawatt with 2%
share, Canada 12,239 megawatt with 2% percent share, and Italy 9,479 megawatt with 2%
share. So this is the statistics of the wind energy productions around the globe as per 2017



data.
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Wind energy system
r .’.(l.lind machine converts the wind energy into useful form of enargy.
F Wind mill works on the principle of comerting kinietic energy el thee wined 16 mecharical energy.-

r Wind turbines transtorm the energy in the wind into mechanical power, which can then be used directly for
" converting 1o electric power,

F o When the wind blows, 3 pocket of low-pressure air forms on the downwind side of the blade. The low-
pressure air pocket then pulls the blade toward it, causing the eatar to turn. This 1 called it The farce of the
[ift is actually much stronger than the wind's farce against the fmr.t side of the hI de, wihich is callad drag.

The combination of [ift and drag s what causes the rtar to spin,
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r Wind power available is proportional to the cube of its speed, which means that the power available 1o a
wiind generator increases by a factor of eight it the wind speed doubles, .-

# Wind energy technologies use the enargy in wind far practical purpases, such 3 pmennr‘g electricity,
charging batteries, pumping water, and grinding prain.

Now if we think about the wind energy system, then we can get 3 major terms; one is wind
machine, then windmill, and wind turbines. So wind machines machine convert the wind
energy into useful form of energy that is a very generic common name wind machine. Then
windmill works on the principle of converting kinetic energy of the wind to mechanical
energy, so windmill really when the kinetic energy of wind is converted to mechanical energy
specifically that is windmill, and wind turbines that transform the energy in the wind into

mechanical power which is further transferred into electrical energy.

So the wind turbine is the latest development and it helps to generate electricity from the
wind. Now how the kinetic energy of air is transferred into electrical energy that is the point
we have to understand. So when the wind is available when the air is in a motion and we have
some windmill, say windmill has some blades, some rotor, and then wind flows it is blocked
by the blades, and then downwind of the blades, there is some low pressure creation and that
low pressure gives a lift to the blades, that is one force the blade is getting.

Another is a drag force when the wind is blowing and then there is some resistance the blade
IS giving some resistance there were some a drag force on it, and then the drag force as well
as the lift both helps to rotate the rotor. This is the mechanism, the rotor rotates and then the
blades also rotate. So if the rotor is fixed with a shaft, then shaft will also rotate, and one side
of that shaft can be connected to turbine and then turbine to generator, so then electricity can
be produced.



So the force of the lift is actually much stronger than the winds force against the front side of
the blade which is called drag, and the combination of lift and drag is what causes the rotor to
spin. This rotating action then turns a generator which creates electricity. So, this is the
mechanism through which electricity is produced. Now the wind power which is available

that is proportional to the cubic root of the velocity of the wind.

So if the wind speed doubles, then the power potential will increase 8 times. So wind energy
technologies use the energy in wind for practical purposes such as generating electricity,
charging batteries, pumping water and grinding grains, already we have discussed.

(Refer Slide Time: 10:00)

Wind energy system

Since the wind's speed typically increases with height above ground (due to decreasing friction with the ground),
wind turbines are mounted on a tower to capture more energy. At 100 feet (30 meters) or more above ground,
they can take advantage of faster and less turbulent wind, >

For the best utilization of wind turbines, they should be placed where wind speeds reach 16-20 mph and are at a

height of 50m x r—‘—
— = <o .‘r%% -

Wind mills are in use since quite a
long time tor milling and irrigation

Wind turbines came into existence

in the beginning of the 20th century
lo generate electric power

Wind Turbine:
Size from handheld to 2MW

Typical - 250 kW —

Rotor dia. - 25t030m ¢~

Tower height - 30to d0m

Now we will see the wind energy systems. So here, this figure shows us 2 systems, one is
your old windmill and another is a new wind turbine. So old windmill we have brick tower
where in both the cases we see the blades or the rotor is placed at certain elevation, so not at
the immediate surface of the earth, it is put at certain height. So the height is required because

as you go up the wind velocity increases.

At the surface, the resistance is more so wind velocity is less, if we go up, then the velocity
will be higher, and more the velocity, obviously more will be the energy potential. So around
30 meters height, the windmill is installed here, so that is the old model and this in case of
new model we are getting that is new wind turbine the blades are different, the fiberglass
blades we are getting are here we are having wooden blades. So this is the basic difference

between 2 types of windmills and wind turbine.



For getting optimum efficiency or considerable performance, the wind speed should be 16 to
20 and the height may be at 50 meter. So these are the typical values which give us optimum
result. Now we see the wind turbine, the size is 2 megawatt, from handle to 2 megawatt
capacity wind turbine is available and typical is 250 kilowatt and then rotor diameter 25 to 30
meter and tower height is 30 to 40 mete. So this is the descriptions of wind system.

(Refer Slide Time: 12:01)

Types of wind machines

#  Wind machines are generally classified in terms of the orientation of the axis of rotation of their rotors as

{ _-Horizontal axis machines and

v Vertical axis machines,

Horizontal axis machines

7 M of rotation Is parallel to the direction of the
wind stream

» Rotor axis is horizontal; can be adjusted so that
it is parallel to the direction of the wind stream.,

7 Hotgontal axis wind mill can further be ¢lassified
a5 single blade, double blade and multi blades
ypes,

Then we will see the types of wind machines. So wind machines that helps to convert
electrical energy to any useable form of energy, so that wind machines may be of 2 types, one
is your horizontal axis machines and vertical axis machines. So there are 2 types of machines.
So here we see this is your horizontal axis machine, in this machine, we are seeing here the
axis of rotation is parallel to the direction of the wind stream. So this is our axis of rotation,

so we need also flowing in these directions and rotor is also there.

So we see here rotor axis is horizontal and can be adjusted so that it is parallel to the direction
of the wind. So this rotor which we are having here this is axis is parallel to the direction of
the wind, and it is not necessary that every time the wind is flowing in the same direction, so
the direction will change, when the wind direction will change, the rotor movement the

direction can also be changed in this design.

So horizontal axis windmill can further be classified as single blade, double blade, and multi
blades. So these blade, we have 3 blades we are seeing that may be single, double, or multi

blade system we may have.
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Vertical axis machines

» This is the simplest of the modern types
of wind mill which works like a cup
anemometer.

# Rotor axis is vertical and fixed.

» This machine has become popular since
it requires relatively low velocity winds
for operation.

Vertical axis type wind mill

Then we will see vertical axis machines, so this is an example of vertical axis. So this is our
axis vertical and these are our blades. So in this case, this is the simplest of the modern types
of windmill which works like a cup anemometer and rotor axis is vertical and fixed and then
the machine has become popular since it requires relatively low air speed or air velocity or
wind velocity. So low velocity of winds can even generate electricity by this type of
machines with respect to horizontal axis windmill.

(Refer Slide Time: 13:59)
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Comparison between horizontal and vertical axes type wind turbines

Harizontal axis = Vertical Axis .~
Acontroller is required for proper anentation | No contraller is requined
(Wing vane)
Variable speed power transmission for better | Simpler power transmissian system from the rotor
contral Lo the axis
Variable Blade pitch can tolerate wider The machine perfarms even at lower wind velogity
fluctuation in wind speed. ranging & km/h tol6 km/h
Lignt weight Itis taa bulky, having much material,
A -
High tower ensures greater wind speed Low height installation leads to lower available
A wind speed

]
Now we will see the comparison between these 2, horizontal axis and vertical axis machines.
So in case of horizontal axis, a controller is required for proper orientations. So when the
wind speed is changing, then the directions of the rotor will also change by use of some

controller, this is very important for horizontal axis machines, but in case of vertical axis not



necessary, no controller is required because this is fixed.

Then variable speed power transmission for better control, then simpler power transmission
system for the rotor to the axis, variable blade pitch can tolerate wider fluctuations in wind
speed in case of horizontal axis machines. For vertical the machine performance even at low
wind velocity running 8 kilometer per hour to 16 kilometer per hour. The horizontal axis is

lightweight and vertical axis it is bulky having much material.

Horizontal axis high tower ensures greater wind speed and low height installation leads to
lower available wind speed in case of vertical axis. So it is very clear to us that vertical axis
height is lesser than that of the horizontal axis machines. Now we will see how to calculate
the power productions or power efficiency or power potential of wind machines or wind.
(Refer Slide Time: 15:34)

Power production from wind
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The kinetic energy of a mass m moving at a speed v is
KE. =% mv (1) s
Power Potential = 4 (Mass flow rate) 2~ (2) |

The mass of air passing in unit time through an area of Awith speed vis
Mass flow rate = pAv TR L

{ i

p is the density of air Lk

Substituting this in equation (2)
Power Potential = % [pAvv’ = ¥ pAv?

So power production from wind. Now we will see the kinetic energy of a mass of m moving
at a speed of v is 1/2mv2. We know that kinetic energy is equal to 1/2mv?. So what will be the
power potential, the power potential will be 1/2 x mass flow rate, so this m will be mass flow
rate, X v square (Power potential = ¥2(mass flow rate)v?), that means that this much of power |

can get for unit time, this is the power potential.

Now the mass of air passing in unit time through an area A, so this is our area A, cross
sectional area, wind is flowing in this direction, so what will happen in this case, what will
the mass of it, mass is volume x density, so volume of air x density of air. So volume of air

means area X the linear velocity. So that is A is the area x v where v is the wind speed, so this



is our volume of air which is passing through this cross sectional area in unit time, so that is

the v.

So if we multiply it with the p of air, so this is the mass flow rate is equal to p X A X v. So in
this expression, what we can get 1/2mv?, 1/2 m is equal to p x A x v and v, so we are getting
1/2 x p x A x v® where A is a constant for this particular A, but this is our power potential,
1/2pAv3,

(Refer Slide Time: 17:29)

Power production from wind

It is not possible to comvert all the wind energy into another form of energy because this
would reduce the wind speed to zern. Finally stopping (no motion to) the machine.

It has been calculated thearetically that for a wind turbine, the maximum conversion rate is
0,593 of the energy available in the wind, Albert Betz (1929), 59.3 % {16127)

Wind turbine power is given by the following expression ;

P=YigAv(p
Where, the fraction of the available energy that is converted to useful form is called the power
coefficient {Cp). y - ﬁ_@'i . ;v.}:f,_ 1‘;
M=t A2
R b) 0%
Now, P = ki — A
where k is a canstant (= % p Cp = 0.37) Pz 0 31A07 D

Now the power potential which is available in the wind that wind will not be converted or
will not be available for its transfer because after getting resistance at the blade, the wind will
reduce its velocity to 0, that is why the energy which is available with the wind the complete
conversion will not be possible and it has been proved by different researchers particularly
the Albert Betz in 1929, he has recommended and proved that around 59.3% of energy
associated with the wind may be transferred in the turbine.

So the power potential we can express or the turbine power we can express as 1/2 x p X A X
v3 which we had into some constant that is Cp, so Cp is called the power coefficient, and this
Cp is the power coefficient, so what we are getting now P = 1/2pAv3Cp. Now A, Cp, p and
1/2 or A may change, p is the property of the wind, and Cp is also a power coefficient, so
these are constant and 1/2 x this equal to constant, we are considering is equal to k, so this is

equal to k.

So k x A x V3, this is our power potential and this 1/2 x p x Cp that is almost around to 0.37, it



has been proved by many experimentation and approximately this can be 0.37 for air. So if
this is, then what will be our total power potential in terms of electricity, so that will be this x
0.37 x A x V3 x some efficiency factors, this is for wind energy which will be available, then
wind to mechanical conversion and mechanical to electrical conversions and there will be

transmission.

So another 3 types of efficiency we have to multiply, efficiency mechanical, efficiency
electrical, and efficiency transmission so that we have to consider.
(Refer Slide Time: 19:58)

There are other losses to be encountered before the energy is delivered-due to
bearings, gears and other transmission system, represented by ., i.e. mechanical
efficiency.

Further the conversion factor like n, and n, electrical and transmission
efficiencies.

The wind power density P* is related to the wind speed by the empirical
formula. | 0
7 PE=037 0 nge - (v/10P rE .';** R

o T

Where P* is in kW per square meter area normal to the direction of the wind,
andvisinmfs,
This is the energy fram air which we can tap.

So overall power will be getting 0.37 x efficiency of mechanical conversion, Kinetic to
mechanical, then mechanical to electrical, and thereafter transmission, so then the machinery
is used for the transmission so that there will be always having some efficiency term. So this
and we have (v/10)® because this power efficiency we are considering these power potential it
is considered in terms of kilowatt, so here we are having what unit, this unit if we want to

convert into kilowatt that is divided by 1000 and that is written v/10 to the power cube.

So v¥ we had already, now v¥/10, 1000 is there, so v/10 to the power cube that has been
made. So this is the expression which is used to calculate the power potential in kilowatt unit
when the v is meter per second, the wind speed is in meter per second. So this way we can
calculate the power potential of the windmill.

(Refer Slide Time: 21:16)



The efficiency of 3 wind generator depends upon the design of a wind rotor and the ratation speed expressed as
thie ratio of blades tp speed to wind speed,

Blade tip speed (m/'s| i , | :

~Tip Speed Ratia| ToR) — L
o C Windspeed (m/s| il

The term tip-spead-ratio will be used instead of rator rpm to help for compare different roter For any given wind
speed, higher rpm means higher TSR, Typical values of TSR range from 1o 15,

Byusiniz the TSR we can ignore the rator rpm and diameter, and consider rator perfarmance in a mare
generalized discussion,

I wre: ke the wind speed, the rator diameter and its eperating RPM we can calculate the TSR, or speed ritio
[5R) at any fiied rachus etween the ceatie of itation and the b,

L
TipSpeed Rato] TSR] =
&

r - radius at which 5R is caloulated
NREM -

v o wind speed inmysec

Now as you know that the power potential is proportional to the v cube that is the wind
velocity. Now we have one blade, so if we have a rotor, then we have some blades, so these
blades will be moving and then we will get energy. So here, this is the blade tip, so it may be
the end of it or any position it may be, so this wind linear velocity is giving the rotational
movement to the rotor and to the blade also and this movement the RPM will be varying, if

we have 2 different machines with different diameter of the rotor, the RPM will be varying.

So to compare these variations in the RPM in spite of using RPM, another term can be used,
that is tip-speed-ratio. So tip speed ratio is defined as the blade tip speed meter per second by
wind speed, what is the wind speed and what is the blade tip speed we are getting, so that
way we can get one number and that is easy to compare 2 different machines. So this TSR
range is 1 to 15 and it is defined as this blade tip speed/wind speed. Now what is the blade tip

speed in meter per second.

If we know the RPM, then 2arN, N is the revolution per minute and per 1 revolution it 2pi r it
moves, r is the radius of the blade. So 2arN, N is the RPM, so that will be the linear distance
covered by the tip. So this is the blade tip speed 2zrN and then this is wind speed so per
minute revolution, so time is our 1 minute, so 60 second, so 60 second X v, so v is the wind

speed.

So now we are getting tip speed ratio is equal to 2zrN/60 X v, where r is the radius at which
SR is calculated, that it speed ratio is calculated and v is the wind speed in meter per second
and N is the RPM. Now we can calculate the speed at any position also, it may be r, many



many values, so that way that is called speed ratio. So here we have a speed, here we have a
speed because this point has to travel more distance, this point has to travel less distance. So

SR that is speed ratio will be different for these 2 cases where wind speed is fixed.

So that is the concept has been developed to determine the tip speed ratio to compare
different turbine blades and machines.
(Refer Slide Time: 24:16)

Wind shear

The eoond cses Tetion, so e wind trovels sheser near e ground (ubbing agamst the ground sl 1)
),

T verv common fomulis for predicting hew o change melevation will affeet the speed of the wind are the
Winad Speed Logarithmue Eguatien amd the Wind Speed Power Equation,

The Wind Speed Logarithmic Equation;
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ihere ﬂ is called the roughness constant and hias valugs ranging from 000001 to 3.0 m

Next we will see the wind shear. So if we go up, we will see that the wind speed is increased.
So once the wind speed is increased, then obviously the power potential will also be
increased. So there are some mathematical relationships the people try to correlate these
increasing the speed with the height and two types of equations are available, that is
logarithmic equation and power equation. So this is our logarithmic equations, it is clear that

velocity unknown = velocity known x In (height desired/B)/In (height known/ ).

So if we have height 1, here is one machine, here one machines we like to put, say this is
your h1 from the base, this is our h2 from the base, so | know there is a wind speed here, so it
is v1 and this is v2, | do not know. So we will be using here that is your height, so velocity
unknown, say v2, it is not known, so here v2 = vl x In (height of vl that is
known/B)/In(height of v2 that is h2, height h2/p).

So this B is called a roughness constant and this beta value will depend upon the roughness of
the surface and it will vary from place to place, different types of surface, different types of

beta value you will get. Those beta value normally ranges from 0.0001 to 3.0 m. So it has



wide variations in the beta depending upon the nature of the surface.
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The Wind Speed Power Equation:

[ height
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i Terrain Description Wind Shear
W
‘U, is called the wind shear exponeat. p onen

' Smooth, hard ground, lake or acean

Shon grass on untilled soil m
Level country with foot-high grass m
\ generally recomized 'rule of thumb' is that '

wind speed inceeases as the 17t power of e l Tall row crops, hed‘e" afewtrees
height ubove ground. = ' Many trees and occasional bulding

Wooded country = small towns and (0.28~0.30
suburbs

' Urban areas with tall buildings 04 |

The other expression which is used to predict the wind speed at any height if we know the

wind speed at any other height that is equal to that is a power equation, so velocity at
unknown = velocity of known x height of desired and then height of known, so height desired
means that is for unknown and this is for known velocity and height and then to the power

alpha, that is a power expression.

So this alpha is called a wind shear exponent and one thumb rule is that this alpha value is
around 1/7th, so a generally recognized rule of thumb is that wind speed increases as the
1/7th power of the height above ground and here this table give some example of different
terrain and different alpha values, so it is somewhere it is 0.10, 0.14, 0.16, 0.2, 0.2 to 0.24 and
these are the difference conditions.

(Refer Slide Time: 26:59)



Wind energy computation
Aharizontal ans wand turbine with 30 i rator diameter produces 10 MW electrcity at awind speed of bl kin/h
Caloulate the following; -
) Blade tip speed for a Tip Speed Ratio of 4.5,

b Qverall percent conversion efficiency of the wind turbing {from wind energy to electricity), Air density= L2
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Now we will see some wind energy computation. So how the wind energy can be calculated
with some numerical problems, we will discuss now. Say a horizontal axis wind turbine with
30 m rotor diameter produces 1 megawatt electricity at a wind speed of 6 kilometer per hour.
Then calculate the following, blade tip speed for a tip speed ratio of 4.25 and then overall
percent conversion efficiency of the wind turbine from wind energy to electricity, air density

is 1.225 kg per meter cube. So this is our problem statement.

We have to calculate the blade tip speed. That means if we have a blade here, so this tip
speed we have to calculate and it is given as that our TSR is equal to 4.25. TSR is equal to we
have come to know that tip speed/wind speed. So tip speed = wind speed x TSR. So here
TSR = 4.25 and wind speed = 60 kilometer per hour, so 60 x 1000 meter/3600 per second. So
we are getting now 70.833 meter per second. So if we convert it into kilometer per hour, then
it is 254.9988 kilometer per hour.

So this is our blade tip speed here, linear velocity of the blade tip we are getting. Second
overall percent conversion efficiency we have to calculate. So now we will see what amount
of electricity we are producing here and what was the maximum potential we have here. So to
calculate potential, we need to get the value of wind speed and here we have v = 60 kilometer
per hour that if you have to convert it into meter per second and so 60 x 1000 meter/3600 that

is meter per second, so that is 16.6666 meter per second, so this is our v.

Then what will be the theoretical energy available, what is the theoretical energy available
1/2 x what is this we need v cube and we need A and we need p. SOP = 1/2 x p x A X V3. S0



1/2 x p = 1.225 kg per meter cube and then A is equal to the area, this is the area, the blade

which is having the diameter of how much 30 meter rotor diameter. So mr?, we are having nr?,

nd?/4. So we are getting A =zt d%/4 or = nr?.

So this is the area we are having, so that area we will get here and put this value here, rho
value is given here, and v value | have calculated here this one. So by putting these
expressions, we are getting the available energy in the wind is equal to 1/2 x p X A X V3, so
this is equal to this megawatt. This will be 2.003361 x 10° watt, that is equal to megawatt we

are getting.

So this is the megawatt energy available in the wind and as electricity we are getting 1
megawatt. So the conversion efficiency we can get 1/2.003361 x 100 = 49.91% or
approximately 50% efficiency we are getting.

(Refer Slide Time: 31:13)

Wind energy computation
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Now we will see another problem statement. So this is a figure, it shows that one horizontal
axis windmill is there and what we see the distance is H and this height and the velocity is
related with this formula V = KH2. Then figure 1 shows the variation of the height from the
surface of the earth to wind speed, so this is our velocity and this is our surface of the this is

the trend at which the velocity changes with height. Then it is given as V = KH?, K = 1 per

meter per second.

Calculate the minimum height at which a horizontal axis windmill should be adapted to

generate a wind power density of 10 kilowatt per meter square normal to the direction of the



wind. So this is our 10 kilowatt per meter square energy potential or energy density that we
have to calculate the height at which the mill has to be put. So now the other information is
given the electrical efficiency and mechanical efficiency of the system are both 0.9 and
whereas the transmission efficiency is 0.52.

So mechanical equal to efficiency electrical equal to 0.9 and efficiency of transmission equal
to 0.52 it is given, so what is our case. Our P is equal to you know 0.37 x n x efficiency of
electricity, efficiency of transmission and then we have (v/10)3, this is the formula we have.
So this formula we have, now in this formula our P is given 10 kilowatt per meter square, so
this is kilowatt per meter square, so kilometer unit, and then we are having so A term is not

there per meter, so A is not here, A has come to this place.

So then we are having this n = 0.9, ne x 0.9, nt = 0.52 and v, v is equal to how much that |
know that (v/10)3, this is the expression. So from these expressions, we can calculate the
value of v, so value of v is equal to this much 64 that is 4 x 10 meter per second, so 4 x 10
meter per second, then 40 meter per second we are getting that V and that if we get the value
of V, K =1, so H square equal to we are getting 40, so H = 1/2 of 40, so that is equal to 6.32

meter.

So at 6.32 meter if we put this turbine, then we will get this 10 kilo watt per meter square
power density.
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Nature of wind and selection of site

r The factors which affects the nature of the wind close to the surface of the earth are;
v Latitude of the place.
¥ Altituge of the place.
Y Topography of the place.
¥.~Scale of the hour, month and year.

r Suitable Sites:
¥ The best site: at off shore and on the sea coast,
¥ The second best sites are in mountoins.
v The lowest level of the wind energy is found in plains.

Next we will see the nature of wind and selection of site. Nature of wind means whether it



will be having sufficient speed or not, that will depend upon many factors, that is your
latitude of the place, altitude of the place, topography of the place, and scale of the hour,
month, and year at what time, in which month and which year; so all those things will
influence the wind speed and the type of wind that we mean. Then suitable sites for the wind

energy installation that is the best sites at offshore and on the sea coast.

It is as we know that day time and night time, there will be wind, in both the cases there will
be direction of wind, so at offshore and on sea coast, this is a best place for the installation of
the wind turbines. The second best sites are in the mountains where the height is high, so air
velocity will be more, so that is also a good location for the installation of the wind turbines.
The lowest level of wind energy is found in planes. So planes it is not so important or so
economic or so feasible to install the wind turbines.
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Land requirement for wind turhines
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So then for wind turbines, it also requires lot of land, so we need lot of area available for the
installation of the wind turbines because if | put one wind turbine here, so | have to keep
some space between 2 wind turbines for the installation. For example, you see this is our
arrangement of wind turbines, so this is one, another one, another one, another one. So these
and these are rows and these columns also we are having turbine here, turbine here, turbine

here.

So this one turbine to turbine distance and this turbine to turbine distance it has to be
maintained. People try to understand and then to optimize the distance required and basically

after turbine the downstream of that the wind speed becomes less and then we need to give



some more time to recover this wind velocity and then before reaching to another turbine. So
this gap is necessary. So once the gap is necessary, what will be that land requirement, that

will depend upon the number of turbines | need to install or the capacity of the plant.

The overall capacity of the plant | want to get from the windmills that should be known to us,
so that we can calculate the land requirement. So thumb rule says that spacing of turbines
between 5 and 10 rotor diameter apart. If prevailing winds are generally from the same
direction, turbines may be installed 3 or 4 rotor diameters apart in the direction perpendicular
to the prevailing winds and under multi directional wind conditions spacing of between 5 and
7 rotor diameter is recommended.

(Refer Slide Time: 37:25)

Arrangement of wind turbines

Wind turbines are large mechanical devices which dramatically slow down the natural flow of the wind.
The wind's speed is reduced behind the rotor blades and turbulence |wake) is caused,
Thus, there must be sufficient space so that the wind can "recover” before it strikes the next turbine.

There exist very complex mathematical models for both the modeling of the wind's wake after passing through a
turbing and the placement of the individual turbines to optimize the energy harvested for a particular locale,

There are, however, some elementary practical guidelines. For example, & simple rule of thumb the turbines
follow the spacing rule of 4 rotor diameters apart horizontally and 7 rotor diameters apart vertically (in the wind's
direction].

Here it is mentioned that a simple rule of thumb the turbines follow the spacing rule of 4 rotor
diameters apart horizontally and 7 rotor diameters apart vertically in the wind’s direction. So

we have made some discussions on wind energy productions. Thank you for your patience.



