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= 6.2.1. The Nature of the Wind

I

| The circulation of air i the ahll()bph?l‘ is caused by the non-
L form heating of the earth’s surface by the sun) The air mnmedlately
Love o warm area expands, it is forced upwards by cool, denser air
; jich flows in from surrounding areas causing a wmd})Tha nature of
l Le terrain, the degree of cloud cover and the angle of the sun in the sky
e all factors which influence this process. In general, during the day
he air above the land mass tends to heat up more rapidly than the air
ver water. In coastal regions this manifests itself in a strong onshore




wind. At night the process is reve rsed because the air cools down more
rapidly over the land and the breeze therefore blows off shore.

A The main planetary winds are caused in 'rnuch the same way :
Cool surface air sweeps down from the poles forcing the warm air over
the tropies to rise. But the direction of these massive air movements is
CTected by the rotation of the earth and the net effect is a large

sunirics-clockwise circulation of air around low pressure areas in the
northern hemisphere, and clockwise circulation in the southern hemi-
cnhere. The strength and direction of these planetary winds change

with the seasons as the solar input varies.

Despite the wind’s intermittent nature, wind patterns at any
particular site remain remarkably constant year by year. Average wind
speeds are greater in hilly and coastal areas than they are well inland.
The winds also tend to blowThore consistently and with greater strength
over the surface of the water where there is a less surface drag.

Wind speeds increase with height. They have traditionally been
measured at a standard height of ten metres where they are found to
be 20—25% greater than close to the surface. At a height of 60 m they

may be 30—60% higher because of the reduction in the drag effect of
the earth’s surface. |

6.2.2. The power in the Wind

Wind possesses energy by virtue of its motion. Any device
capable of slowing down the mass of moving air, like a sail or propeller,
can extract part of the energy and convert is into useful work. Three

factors determine the output from a wind energy converter :
/ (i) the wind speed ;

fti)-the cross-section of wind swept by rotor ; and

(2i1) the overall conversion efficiency of the rotor, transmission
system and generator or pump,

No device, however wel-designed, can extract allof the wind’s
energy because the wind would have to be brought to a halt and this

tf«'ould prevent the passage of more air through the rotor. The most that
1s possible is for the rotor to decelerate the whole horizontal column of

intercepted air to about one-third of its free velocity. A 100% efficient
aerogenerator would therefor

of around 60% of the availabl
Well-designed blades will typic

but losses incurred in the ge

eonly be able to convert up to a maximum
e energy in wind into mechanical energy.
ally extract 70% of the theretical maximum,

arbox, rransmission system and generator
or pump could decrease overall wind turbine efficiency to 35% or loss.

The power in the wind can

be ted b ing the concept of
kinetics. Th eompu y using 3

e wind mill works on the principle of converting kinetic



know that power is equal

B
e b

energy of the wind to mechanical able is the kinetic energy of

to energy per unit time. The energy availadlé l'ts one half its’

/1 . wind. The kinetic energy of any particle 1s equa £ ai

the winda. , 1 meZ. The amount of air
2

mass times the square of its velocity, or . .
area A, with velocity V, is A.V, and its

erergy. We

assing 11 it time, through an .
passing in unl 2, ea / ) . ‘ o
mass m is equal to its volume multiplied by 1ts density p of air,

m = pAVvV ...(6.2.1)
(m is the mass of air transversing the area A swept by the rotating
blades of a wind mill type generator;.
Substituting this value of the mass in the expression for the
kinetic energy, we obtain, kinetic energy = pAV.V? watts

= 2 pAV® watts ...(6.2.2)

Equation (6.2.2) tells us that the maximum wind available the
actual amount will be somewhat less because all the available energy
is not extractable—is proportional tc the cube of the wind speed. It is
thus evident that small increase in wind speed can have a marked effect

on the power in the wind.

' Equation (6.2.2) also tell us that the power available is propor-
tional to air density (1.225 kg/m? at sea level). It may vary 10-15 per
cent during the year because of pressure and temperature change. It
cl?anges negligibly with water content. Equation also tells us that the
w‘md power is proportional to the intercept area. Thus an aeroturbine
with a large swept area has higher power than a smaller area machine ;
but there are added implications. Since the area is normalléf circular of,'

diameter D in horizontal axi ' = :
on axis aeroturbines, then A = r D?, (sq. m.),

which when put in equation (6.2.2) gives,

Available wind power P, = % o % D?V? watts

gives us in sight into why the designerofan aeroturbine for wind e] i

use would place such great emphasis on the turbine diamet'e ec’;‘rlc

combined effects of wind speed and rotor diameter variations ar:;x i
' shown

m Fig. 6.2.1. Wind machines intended for ceneresi. -
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The physical conditions in a wind turbine are sue
fraction of the available wind power can be converted igto
As the free wind stream encounters and passes throug!
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energy from the surrounding air and at a sufficient dist
rotor the free wind speed is restored (Fig. 6.2.2 upper aw
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LoWind Data and Energy istimation
L e seasonal as well as instantaneous ch: mges 1in winds both

-

with re gard 1o magnitude and direction need to be well nimderstond 1

e P ———

make the best use of them in windmill designs. Winds wre lanown t
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o ' o factor of Boar mored This calls for a proper
111 1 i P Q ll-”; ¥ »”‘.4’ ( i‘}!y;\f’l'i‘\!,(/m
e s gens ways the data on wined heliaviaur s collected
»cv-I‘l-i i SREATARITC AR LR LI ?!"’f ,h{' !nhr-‘n” ””” I"“‘ hrs')!‘i'fﬂl"‘r’ﬂl‘A’lr}f'{
A ] .
\7¢ LS i '\“.' ?'418—,,,c9 i ¥ v yY P *r X, P L 1 -
‘ N ',_,j,’_,’ﬁ‘," wologienl observations s the hasic data
' ' avbi il designe The hourly mean ja the one averaged over
iy ;

4 the dav, over the di‘_’w”. month, vear and years The
1ot the natmn / the u ”;(/“_(;103@ to Hl“ "i‘ll‘féif.‘ﬁ, ,.’f fh‘“

gl W the “',,u o
tvividde of the pl;u e
norraphy of the place,
ool the hours, month or year.
W Lemp an unsteady phenomenon, the scale of the periods
ereo o animportant set of datarequired in the design. The hourly
/v (for many vears) provides the data for establishing the

potential of the place for tapping the wind energy. The scale of the monis
Geeful 1o ndicate whether it is going to be useful during particular

v of the vear and what storage if necessary 1s to be provided for
The data based on scale of the howr ts useful for mechanical aspects of
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aesion

e the winds near the surface of the earth are derived from
large scale movement of atmospheric winds, the location height above
ground level at which the wind is measured and the nature of the
o urince on cartl have an influence on the velocity of wind at any given
ime The winds near the surface of the earth are interpreted in terms
of boundary layer concept, keeping in mind the factors that influence
e development. The wind velocity at a given height can be represented

P

i terme of pradient height and velocity

(5¢>

I

e V. L2 (refer Fig. 6.3.1)
Vi | e
Vg B.L. LIMIT

e — "A— —

[ - — — 4}
;

Vv /

>
. /,/"/‘ (h
) * - - 1}' 7

A TIIIIII I L

& L

"GROUND

P A A ST B R | Y i ven sy ' 2 b ;l)H (!1‘ U‘I'“(‘l’l()rlt: helt-;llt‘ an(“i VelOClty.

X
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and r» depends on the nature of the terram,

The vl x s \/ “,
Y CREY Lal. H \‘ P
whiych are Janm fied an
peen terrain with faw ahatacles (apen land, lake, ahores,
jprerie pPrawrine ol
Teyrain o it h 1]11;{5*-?11\3\ rovorerd nhataclos ‘.""“""! ‘?\n"l;‘. ?"‘I'iﬂ-u
« suburbs, ete)
ity centres,

Terrain with large and irregular ohjeeta (large

th hreaks of large treea etc )
v= much as the height of the windmill raotor depends an the
wad velocity and cost of supporting structure. The above factors
hearing on the design. Similarly, winds being an unsteady
henomenon, the scale of periods considered for this the temporal
arameters (scale of hour, month and year) i1s an important set of data
vecired i the design. Whale the hourly mean velocity (for many years)
rroides the data for establishing the potential of the place for tappng
‘he wind energy. The scale of the month is useful to indicate whether
. 1= going to be useful during particular periods of the year and what
storage if necessary is to be provided for as already mentioned above
The data based on scale of the hour is useful for mechanical aspects of

esizn. In addition to the data on the hourly mean velocity, two other

*

informations required are :
— Spells of low wind speeds, and

—gusts

The former again for providing storage or alternatives. The latter
s required for structural design of the windmill as well as to provide

safety measures against damage.

A number of criteria can be applied in estimating the unportance
of wind potential as a function of height and location. First of all careful
siting is important because wind speed near the ground is greatly
affected by houses, trees and similar features as stated above. Wind
speed increases with height above ground, the if rate of increase being
about the same at all locations. Therefore, if the wind speed at a given
t is known, the speed at any other height may be calculated.

Surface wind data on a national or regional basis 1s usually

¥

neigh

presented in the forme of
(1) Jeovents or contours of constant average wind velocity (m/sec

or kin/hir.). The averaging period seen in the literature varies widely,
but monthly, quarterly, and yearly averages are commonly seen. It 1s
important to know what the data averaging period is when examining
a given isovent contour map, for the winds change seasonally.
Fig. (6.3.2) shows the wind map of India, in which the mean annual
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.5, Basic (,om]mn( nis of a WE Jh {(Wind Energy Conversion

Svsiem) -
. CI ‘he inain components of a WECS are shown in Fig. (6.5.1)
block dx woram {orm. Summary of the system operation is as follows :
“Acroturbines e onvert energy in moving air to rotary mechanical
um?rgg S Ta general, f]n‘\ r(‘qun e pitch contiol and yaw control (only in
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; T =it on ind axis machines) for proper operation. A
'}A," (IS [ ({3 “~ ed (i U1
;:t;“‘}

anicalinterface consistingof astep up gear and a suitable coupling
iifm"n’it:s the rotary mechanical energy to an olectrlcal generator. The
Tutput of this generator is connected to the load or power g'nd) as the

A
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ol (For localities with the prevailing wipnd in one

the 'ivm;:_n of a turbine can be greatly simplified. The rotor

» fixed omentation with the swept area perpendicular to the
sant wind direction. Such a machine 1s_:;_q1_r1 to be yaw fixed.
Mot wind turl nnes, however, are yaw active, that is to say, as the wind
} ~anges, a motor rotates the turbine slowly about the vertical
o Cay axis so as to face the blades into the wind. The area of the wind

n: swept by the wind rotor is then a maximum.

n the small turbines, yaw action is coptrolled by a tail vane,
similar to that T a ty ﬁiafﬁﬁ—ﬁlpmg windmill)In larger machines, a
ermvomechanism operated by a&rmd direction sensor.controls the yaw

or that keeps the turbine properly “oriented.

-

The purpose of the controller is to sense wind speed, wind

direct 1on, shafts speeds and -torqﬁes atone or more points, output power
and :‘,e‘:}_@rﬁt};xhperature as nkcessary and appropriate control signals
for matching the electrical output to the wind energy input and protect
tie system from extreme cgnditions brought upon by strong winds
electrical faults, and the lik

The physical embodlment for such an areo-generator is shown
neralized formin Fig. (6.5.2). The sub-components of the windmill

| \..

| —wind turbine or rotor

- —wind mill head
—transmission and control
—~Supp0rting structure

/__»_”uur‘h a machine typically is a large impressive structure.
Rotors '

FOY {‘z- otors are mamly of two types :
— () Horizontal axis rotor and
(t1) Vertical axis rotor.

1 \_One advantage of ver@_lgcwa_l_mdmb mnachines is that they operate n
! wmd dlrectxonb and th

s need no yaw achustmeut

SOUEER | & g A
1

e components‘fjéé"d to be propPrly desxgned
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6 ﬁ , GRUCTURE

SNACELLE

6 PINTLE AND
DRIVE

7 TOWER
8 FOUNDATION

9 CONTROL
BUILDING

A

A—Transmission
Speed Increaser
Driver Shaft add Bearing Brake
Clutch and Coulping.
B—ZFlectrical
Generator

to tfac‘_t;{:a;é:ﬁfh d. The latter is facilitateq

the su pporting struc turé\dﬁ‘suitz_l"b"lje' bearin gs.’

Transmissionsﬁih_e_ rate of rotation
geheratorsoperating )1 t re
1te

ed ca"“é‘gﬁya?ﬁé oW, is conve—nlent] R

: ctapacity or be LYy ] Y control-

led by varying the. 1.1,9,{_@_}.18 I‘Otox:bla:des_au“t it is low about 40 b B
_revolutions per minute Y(rpm), [Because optimum generator outpyt
requires much gr ea,_té?: l%{es of rotation, sm:h_as..-LBQQIpnj it e mer s

sary to Increase greatly the low rotor rate of turning: Among the




| options are mec,hfmlcal systems involving fixed ratio

sinl‘j "101
trans ande hdlns sxngly or in comblnatlon or hydraulic systems

ars, be its,

i~ g Sing. ‘hud pumps “and motors. leed ratio gears are recvmmended

¥, \L .

: 1fn o e ant od equipment becauseé of their 111gh efﬁcmncy, known cost
or

} i N system risk. For bottom mounted equipment whu,h
1C A .
and . r”,m an;lv drive, tr: ansmission costs might be xeduced

re 11119'“
I%cwmt v by nsmg Llrge dlameterbegr_l_ngs W1t11 Tring gears mounted
st €
e “l‘ {o serve as a transmission to increase rotor speed tq
oIl

peed. Such_a. comblnatlon offers a hlgh dem ee of deSIgn

ﬂexlbxhﬁ a= well as large pote11t1g}_§n_\{1ng=

G enerator. FEither constant or variable speed generators are 4
«mmﬁ but variable speed units are expenswe and/or unproved

R

mlollg the constant speed generator ‘candidates for use are

SO L w‘«m— s e 08

synchronous mduotmn and permanent magnet types. The generator of

s I

ynehrofo =
choice is the synchronous unit for Targe aerogenerator systems because

— e ¢ - e

it is very versatile and has an extensive data base. Othe1 electricalf

e ey vy At 4 gt S SIS S S s |40

geii&*atoz*

e e g s e T

components and systems are, however, under development

Confrols. The modern large wind turblne generator requires aj
versaf'ﬂe and reliable control system to perform the following functions :

Sem—

/(15 the orientation of the rotor into the wind (azimuth of qu)

) start up and cut-in of the equipment ;

(3) power control of the rotor by varying the pitch of the
blades ;

(4) generator output monitormg—mtns;&mm@atiawld
sterage ;

(5) -shutdown an e}»cut*mwmg—tcrnrﬁfnneﬂeﬂ—ef—uuu_bagh
winds

(@@rotection for the generator)the utlllty accepting the power
and the prime mover ;

(7) auxiliary and/ or emergency power; and

(8) maintenance mode.

Many combinations are poss1ble in terms of the_ppntrol system

and may involve the following components
(1) Sensor—-—mechanlcal electrlcal or

(2) decision elements-—-relays logic modules
mlcrOprocessor a fluidics, units, or a mechanical unit ; and

(3) actuators——hydraullc electric, orpneumatlc Ar econnnendei
combination of electronic transducers feeding into a micro-proc es‘?oll
Which, in turn, signals electrical actuators and provides protectw
th"'OUgh electromc circuits, althouzh a oneumatic slip clutch may’

pneumatic :

, analog circuits, 2




‘d OwWers, I* our types of supporting towers deserve conmderatmn
}‘“
) the remforce ‘ed concrete tower,
(“’,’.’,) tlie pole tower,
(3) the bult up shell-tube tower, and
(1) the truss tower. )

Among these, the tlubs tower 1s favoured because it is proved

I O

and widely adapt: able, cost. 1j_l_oyj@uiié are readily_ available Jut 1s
readily “-nngl\()l“tL‘(l\ ANC f'twib potentially stlfi)Shell tube towers also

have attractive fo 1hu~eb and may prove to be competltwe w1th truss_ )
towers.

The type of the supporting structure and its height is related to
and the transmission system incorporated. It is designed to
<tand the wind load during gusts (even if they occur frequently and -
for very short periods). Horlzontal axis wind turbines are mounted on
(owers so as to be above the level of turbulence and other ground—

T i

related effects. The minimum tower hewht for a small WECS 1s about 10 m,,

e ——.

C

s
\\1}

s atat s o e

and the maximumn practlcalTolght 1s_ estlmatea to be roughly 60 m.

e ---h—'“v- il Ll anddt

The turbine may be located either ypwind or down_,,md.o_f,t_hi
tower. In the unwind location (t.e. the wind encounters the turbine ¢
before reaching the tower), the wake of the passing rotor blades causes !
repeated changes in the wind forces on the tower. As a result, the tower b
will tend to vibrate and may eventually be damaged. On the other hand, .
if the turbine is downwind from the tower as shown In figure, the tower *

vibrations are less but the blades are now subJected to severe_ aitel'nat- ;

SRS ETLE

Sl s

ing forces as they pass through the tower wake.

./“
.....

Both u‘lwmd and dowuysand 1ocat10ns have been used in WEC /|
Downwind rotors are generally preferred especmlly for tie

1arm>uorogencrators "Although other forces acting on the blades of'1
these large machines are significant, tower effects are still 1mportant..

and tower design is an essential aspect of the overall system desi

devices.

4'»)

6.6. Classification of WEC Systems // ) B ()(* {
1. First, there are two b_oad‘g_l_ass_lﬁcatlons ’(W u‘&

(1) Hortzontal Axis Machines. The axis of rotation 1s horlzontal
and the aer otuxbme plane is vertical facing. the wind.

O

(i) Ver tical Axis Machines. The axis of rotation is vertical. The

AT NP At

sails or bladeb may also be vertlcaL.as on the ancient Pers1an w1ndmllls,
e e

S e e

or “0«‘1‘1\ so, as on the modern Darrievs rotor machine.

e e e

. Then, they be clasmﬁed according to size as determined by
their u&»oiul 1ect1‘1ca1 power output.

remote ‘!’Nh .xt ions, and other places reqtnrmg relatwely low power

- i,



(1) Medium Size Mac Jnes (2-1C0 I\W) These wind turbines may

be used to bupgl_\ [ess than 100 KWr ated c'tpamtv ‘ro several residences

or ]ocal use.
T 1‘) Lm ge S( ale or Large o Size Mac hines (L00 kW and up). Large
wind tur b]nes are thoqc Qf LQO kW ratecl cap"m g,yﬁngngreater TheS'M are

used to venm ate power for dlstr\buhcn n central power grxdq There

are two sub classes 1

T TSN

“:w‘“ ‘iu_xgle Genex ator at a single site.
‘ Multiple Generators sited at several places over an area. >>

As per the type of output power, wind aerogenerators are

classified as:
(1) DC output
(@) DC generator
(b) Alternator rectifier

(1) AC outpul
(@) Variable frequency, variable or constant voltage AC.

(b) Constant frequency, variable or constant voltage AC.
4. As per the rotational sp?ed of the aeroturbmes these are

—

classified as :
(1) Constant Speed with variable pitch blades. This made implies
use of a synchronous g‘e’TTeTTfrtomeh its constant frequency output.

e

(ii) Nearly Constant Speed with fixed pitch blades:. This mode

implies an induction generator.

(iii) Variable Speed with fixed pitch blades.

imply, for constant frequency. output : St At
(a) Field modulated system

(b) AC-DC-AC link
(¢c) Double output induction generator

) d) AC Commutator generators
é M e) Other variable speed constant frequency generating

This mode could

1

o /" systems.
5. Wind turbines are also classified as per how the utzllzatton of

oulput i s made :.
() Battery storage
(zz) Direct connection to an electromagnetic energy converter.

(iti) Other forms (thermal potential etc.) of storage.
)

(tv) Interconnection with conventional electric utility gr ids.

The system engineer seeking to integrate WECS will, naturally
hat WECS

;__‘_be most interested in the latter case but should be aware t
Taffer other ontions as well
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= hieard many kilometres away:. " All weich
T G - ; overal g
Wind power systems have a relativ ely hig e

_ : . ' and 1nclude al:
vecause they involve the construc-ion of a high tower

a gearbox, a hub and pitch changer, a gen~er&}t9}'foi—1P}:‘§§ ihfit ere. &
large svstems a weight of 110 kg/kW (rated) has been esﬁ_tﬂmaﬁued

- . e — . < S
(/) Large areas are needed, typically, propellers 1 to 3 m
st i A D
diameter, deliver

. e ——

e —

power in the 30 to 300 W range. -

—

(" Present systems are neither maintenance freenot-practical

reliableé? However, the fact that highly_x:_e__]_ighle;_ggiqggllgr éngines a

built fé_}waUEEfg_s_uggest-that the pnﬁsent troubles could be ova
come by indus_trial_dgl(gloﬂpmmegjc work D,

A

6.5, Wing Energy Collectors

6.8.1. Introduction. A windmill is a machine for wing ener;
conversion. A wind turbine converts the kinetic energy of the winc
motion to mechanjcal energy transmitted-by the shaft. A generat,
furth-r converts it to electrical energy, thereby generatin
The term windmill’ whiel originally implied a mi]] for

Pecomes an ohvioys misnomer when applied to electyie Power gener
t"}!f J}}l' Y.(-tl“,]] 18 ﬁt‘.ll Wl(iﬁl)’ llsed }lo\vever’ ‘Axt)’-()éye'yze,-(l{()’_s 'Cl\'OidS t}
difficulty. Only inthe last century have windmil|s been used to eEtiera

g electricit
grinding gra

electric power

Wind o Crogererators

| d ae Por wind turbine
generally classified g

—horizontal axjs type,

generators of WECS 4

and
—vertical axis type

. ! "y avie A8 Atvers - | .
depending on their ax!s o/ Fotation, »elayve tq the wing stream
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2. Horizontal axis

yropeller type using single blade.(In this
rangement, a long blade 1s mounted ‘1g. 6.8.2).

ed on a rigid hub
duction generator and gear box are also shown. If extremely long

“w
T - o Vo €S

ades (above say 60_m) are mounted on llgld hub, large blade root

weia Wt

nding moments may occur due to tower shadow, gravity and sudden

ifts in wind directions.\To reduce rotor cost, use of low cost counter
“ight is recommended-which balance long blade centrifugally.

s — O 87514 gt o by 1)@

/\ .
( Advantages of one bladed rotor :

Y

() Sumple blade controls
—lower blade weight and cost
lower gear box cost
(tt) Counter weight costs less than a second blade.

(t12) Counter weight can be inclined to reduce blade coning.
N N ‘N . i . - e .
() Pitch bearings do not carry centrifugal force.

- o e
o

() Blade root spar can be large diameter i.e. more rugged.

[
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Fig. 6.8.2. Horizontal axis single blade wind mill.

Disadvantages:

() Vikration produced, due to aerodynamic torque.

() Unconventional appearance.

e + e e

R N | Ny
(.if) Large blade root bending moment.

(iv) Starting-torque reduced by ground boundary layer.

o e ot
v ——

(v) One-per-rev coriolis torque produced, due to flapping.
3. Horizontal axis multibladed type. (This type of design for

multiblades as.shown in Fig. (6.8.3), ma rom sheet metal or

e o
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=7 {s 11.1. Introduction /
The basic componants of a wind-electric cofGersion system are.

’!
d
shown v Fig, (6.11.1). Aeroturbines convert wind energy into rotary‘
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;ﬁ”;r,'ej’;iflilh alenerpgy. Ame:hanical interface ,consisting of a step-up gear
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Fig. 6.11.1. Components of wind electric system. :
and a suitable coupling transmits the energy to an electrical generator,
The output of this generatoris connected to the load or system grid. T he
controller senses the wind direction, wind speed, power output of the
generator and other necessary performance quantities of the Systen
and initiates appropriate control signals to take suitable correctwe
actions. The system should be protected from excessive temperaghre
rise of the generator, electrical faults and extra wind conditions.

The choice of an electrical generator and control method to bs

employed (if any) can be decided by consideration of the following three
factors :

(1) thebasisof operationi.e. either constant tip speed or constanf
tip speed ratio

(11) the wind-power rating of the turbine and
(c11) the type of load demand e.g. battery connection.

Wind power ratings can be divided into three convenient ﬂ'roup<

ing, small to 1 kW, medium to 50 kW and large 200 kW to megawa&
frame size. b

L
Electrical generators types applicable to each of these ratin, s
axre : ik

Small—permanent, magnet, d.c. generators.



Meduum—permanent magnet, d.c. generator, induction generator,
synchronous generator. ’

Large—induction generator, aynchronous generator.

The electrical control strategy employed for any particular
scheme can be designed to effect control of the generator, the power
transmission link or the load.

6.11 2. Schemes for electric generation —

Several schemes for electric generation have been developed.
"l oeo schemes can be broadly classified under three categories :

' Constant-——speed constant frequency systems (CSCF)
\"ariable speed constant frequency systems (VSCF)
\"ariable speed variable frequency systems (VSVF).

1) Constant speed constant frequency system (CSCF).
Coostant speed drive has been used for large génerators connected
-vectlv to the grid where constant frequency operation is essential.

R
Said

2) Synchronous Generator. For such machines the require-
of constant speed is very rigid and only minor fluctuations about
or short durations (fraction of a second) could be allowed.
“nchronisation of wind driven generator with power grid also will pose
with gusty winds.

() Induction Generator. If the stator of an induction machine

.z connected to the power grid and if the rotor is driven above
simchronous speed N, (N, = 120 f/p), the machine becomes a generator
znd delivers constant line frequency power to the grid. (f = line frequen-
-vand p = number of poles for which the stator winding is made). The

(l)
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hould not be exceeded. When this happe?s the
may ‘run away. The
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and the aystem
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vracteriatios of an induction machine in the motor and

el e ttieiies nre <hown in Fig. (6.11.2). Induction generators are:
. ‘ "

basically simpl thhan avnchronous generators. They are easier to

nehronisation problems and
he grid and

maintain, have no sy
rae economical. lHHowever, they draw their excitation from t

hence imipose reactive volt ampere burden. But static capaclitors can bhe

used to overcome this problem.
) Variable speed constant frequency scheme. (VSCF
Scheme) Variable-speeddrive is typical for most small wind generators
used in autonomous applications, generally producingvarmbb frequen-
oy and variable voltage output. The variable speed operation of wind-
electric system yield higher outputs for both low and high wind speeds.
This results in higher annual energy yields per rated installed kW
capacity. Both horizontal axis and vertical axis turbines will exhibit this
gain under variable speed operation. The popular schemes to obtain
constant frequency output are as follows :

(@) AC—DC—AC link. With the advent of high powered thyris-
tors and high voltage d.c. transmission systems, a.c. output of the 3-
phase alternator is rectified using a bridge rectifier and then converted
back to a.c. using line commutated inverters. They utilise an a.c. source
(power lines) which periodically reverses polarity and causes the com-
mutation to occur naturally.'Since frequency is automatically fixed by
the power line, they are also known as synchronous inverters. The block

diagram of the system is shown in Fig. (6.11.3). g

WIND TURBINE, RECTIF/
TGEA RING AND LFIER
. COUPLING .

R |
He ALTERNA 7'061 ""'"-{>' __D‘

]

Srvchrowous | | |
INVERTER i f

3 PHASE
GRID

Fig. 6.11.3. Block diagram of Wind Electric Scheme.

() Double Output Induction Gf?ne:t:ator. In this system a
i s s 3o etion motor-is used as shown 1n-Fig. (6.11.4). Rotor power
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~oneraior can be offected at a variable frequency corr(?spondmg to
- 1o derive speed. For this purpose capacitor excited (self-ex-
7 nachines can be conveniently used. Such
11.5). These systems are gaining impor-
<tand alone wind power applications. The magnitude'and
ey of the emf depends on the value of the load impedance, prime-
f;:.;;mwl And excitation capacitance. Methods of analysing these
e voltage variable frequency generators have been developed
Jict the no-load and load performance characteristics. Computer
1imes have also been formulated for this purpose.

e
IS S )

changu
1) squirrel caze induction
j&}(?}ll(‘.‘ i;-; b‘i]()\\«']l ]I]l ]&‘1{;. (()

M & tor

~ varving output voltage can be converted to constant d.c.

Sroppersor controlled rectifiers on constant a.c. using force—com-

Lied mmverters. AC converters and transducers can be introduced to

-+ and control the desired performance quantities. /\
6.11.2 Generator Control , W

Control schemes which act on the generator alone are largely
Jed upon by the type of the generator employed.

Permanent magnet—there is no readily available means of con-
ing this type of machine directly. In order to vary the torque
blished by a permanent magnet alternator, it is necessary to change
rmature current. Thus in normal operation the output voltage and
sency must be allowed to vary with wind speed.

D.C. generator—usually of the shunt or parallel field winding
in which a small variation of the field current achieved by means
-ariable resistor connected in the field circuit will vary the terminal
b ge and hence the power output. It should be noted that with the
ious choice of generator and load resistance a fairly good natural
h can be obtained between the power and speed characteristics of
generator and the wind turbine thus obviating the need for any
plicated control schemes and allowing variable speed operation of -
furbine.

Induction generator. When used to supply power to an iso-
! load the machine may be made to self excite by means of a bank
pacitors connected to the terminals. Variation of this capacitance

When a wound rotor induction generator is used for a grid
ection application, power control is achieved by varying the slip
gy of the rotor circuit. This may be achieved through a variety of
10ds such as : rotor resistance control, cascading or variable speed
pPower recovery schemes.

Caze rotor induction generatbrs can be made to operate over a
I speed range by pole changing or pole amplitude modulating the
' Winding to achieve one, two or three separate speed ratings.



nohronous machine power control is readily achieved through
variation of the d.c. field excitation current. The frequency of the output
voltage will be variable with wind speed for an isolated machine and
fixed for a grid connected machine. .
'ransmission Cont rol

T effective method of varying the power flow 1n the
enerator and its connected load is by
evice. This unit employs power

ose conduction periods (i.e. on off time)
ed trigger pulses to the gate of
e shown 1n

1)
ph

v
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mMost
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<ilicon controlled rectifier d
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(5) Single shase uncontrolled bridge with d.c. chopper.
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{c) 3 phase fully controlled bridge.
Fig. 8.11.8. Transmission control.
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6.11.4. Load Control . .
g )
? od load resistors enable stepwise lo

approxiniation to be made to the power (rotational speed) charactde.I‘ISt:f:‘
a turbine. Operation within the maximum current loa 1n§

the cenevator can be set and the discrete resistance value's seieets : =°
that for a particular wind speed, operation of the turbine is held fa.1r1y
close to the 7, maximum value. This method of controls ideally suited
o small stand alone wind turbines and has the merits of being cheap,
imple and effective where the load demand is for the resistance
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of the win
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heating

6.12. Energy Storage

Operation of a wind turbine is not practical at very high or very
low wind speeds. Consequently, if other sources, such as electric utility
power, are not available, some form of energy storage is required. When
the power generated exceeds the demand;the excess energy would be
stored for use at other times. For WEC machines of low and inter-
mediate electric power, battery storage is convenient.
Shavm;ﬁ;gc‘zsgiiyﬂ::\ileity to use of WECS in that it permits peak

. g as well as fuel saving. However, it can be

during‘tirnes when wind is below normal orn
makes it poss‘lble to deliver short peaks of pow

chemical and magnetic.
For wind turbines wi

‘urrent by means of an inverter, may he Decessary f
or lar

ippliances and for television sets.
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energy in a volume ofcomp-ressed air. Awp@ turbine for o, - 1
Le created which would directly PUmP air into a suit,j1, i
ctorage tank. Then later when the. wind is not blowing (1, S
n the air could be utilized to drive an air turbine Whose i, . §
;}:en drive a generator, thus supplying the needed elect, . .
the wind is not blowing. Wind energy, with a d.c. output ti.- .}
be fed directly into an electrolyzer tank which produces b, *
oxygen from ordinary water. The hydrogen and oxygen gases - ;
can be stored either in gas or liquid forms, and when neede| '
and easily converted again directly into electric energy v 'i
known fuel cell. Hydrogen can also be used as a /’u.(.,»g to drive {
and other useful engines. | ' :i
\J4% Applications of Wind Energy | \,‘
Energy extracted from the wind is initially enevey @y
mm.ry’ translational, oroscillatory mechanical motion. 'I“:x s q
_ﬂ'i'JllOD can bhe used to pump fluids or can be converted ‘ 3
fieat, or fuel, Some of the most. effective application are t! |
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Rase wind energy conversion systein with energy storage.
1 be readily and efficiently converted to other forms of
~ oificiency of converting wind—derived mechanical energy
~lecirical energy is usually much higher for instance, then
cnov of converting solar or fuel-derived heat energy to mechani-
ocirical energy, since the efficiencies that can be attained when
inz heat to mechanical or electrical energy are limited by the
=1y low carnot cycle efficiencies, which, even under optimum

ian =, usually do not exceed 30 to 35%.

1YY =
AU LA

\Wind-turbine generators have been built in a wide range of
outputs from a kilowatt or so to a few thousand kilowatts.
nes of low power can generate sufficient electricity for space
.z and cocling of homes and for operating domestic appliances.
ower WEC generators have been used for many years for the

on protection of buried metal pipelines.

Applications of somewhat more powerful turbines, upto about
V", are for operating irrigation pumps, navigational signals (e.g.,
1ouses and buoys), and remote communicaticn, relay, and weather
ns, and for offshore oil drilling platforms.

Aerogenerators in the intermediate power range, roughly 100 to
W, can supply electricity to isolated populations (e.g. on islands),
m co-operatives, and to small industries. Finally, the largest WEC
ators, with rated powers of a few thousand kilowatts are usually
:‘1ec} for interconnection with an electric utility system. Present
ations are that the optimum economic diameter of a wind turbine

a two-bladed-propeller type rotor is about 110 M ; the electric -
o output would range from 2000 to 5000 kW or 2 to 5 megawatts

},’ghere 1 MW 15 1000 kW or 1 million watts. —
i *t_“m}fing Applic'ations. A typical wind-powered pumping
“ation 1s one that might use a horizontal—axis wind machine. An
;Z}E;S the ancientjib—sail design that is mostly wind used to pump
o I:;ter. Large number of wz.a.ter.-pumping wind mills have been
do ths 1an fa?ms. Other applications that are being developed
> Pumping of water for aqueducts or for pumped-hydro
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rgy. In aque uct systems, large-scale wind driven units

30 iuct 3 . .
for the pumping of water from the main reservoir to
he aqueduct system. This can be

auxiliary reservoirs in other parts of t
done eitimr by the direct mechanical pumping of the water or through
the generation of electricity by the wind units, and the subsequent use
of this energy to operate electrical water pumps incorporated in the
t system.

storage of ene

can provide power

n families of wind turbines : wind pumps and
qerators. A pump generally involves a high-solidity rotor with
d mechanically to a piston pump, which a generator
by a low-solidity rotor.

b} ~
aqueduc

There are two mal

TS connecte

5 low |
i« usually driven through a gear-box
mps (irrigation and water

The two main end-uses of wind pu
pply) have very different technical operational and economic require-
o <. Irrigation designs are generally unsuitable for water supply
Juties. which may require heads 10-100 m high. Despite these limita-

:ons. however, water supply pumps are sometimes used for irrigation.
Since many water supply wind pumps must run unattended for most

- :he time, their design should incorporate protection devices to
prevent over speeding in storms and sturdy parts that required little
~ttention. Consequently they are usually built of components manufac-
tured from industrial steel and drive piston pumps via. reciprocating
pump rods. This type of construction is expensive In relation to the
output but the reliability and low maintenance are worth the price to
someone like an Australian farmer, who may have a dozen wind pumps
spread over alarge area of semi-desert to sustain several thousand head

of cattle. In contrast, irrigation being seasonal, the mill may only be
involves pumping much

useful for a few months of the year. It also
Because the intrinsic value

larger volumes of water through a low head.
of the water is low, it is essential to keep costs down. In addition, some

one is usually present duripg irrigation to tend the machine. Therefore,
windmills used for irrigation are generally indigeneous designs that are
built by the farmer as a method of low-cost mechanization. ‘

If water-supply wind pumps are used on farms for irrigation, it
may be difficult to provide piston pumps large enough to absorb the
power from the windmill at low heads. Also, most wind pumps of this
kind must be located over the pump in substantial, reinforced-concrete
foundations. This usually makes them better suited for pumping from
Well§ or bore holes than from open water, for which a surface-water
s_uctlor.l pump can be used on the other hand, most indigeneous irriga-
tlpn wind pumps, such as the Chinese models, use rotary pumps of one
kmfi or another that are more suitable for low heads. These do not .
achieve mechanical forces as high as those of industrial wind pumps,

which often pull their rods with a force equivalent to 1 £ or more enough

Wi

apply) 1
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Fig. 6.13.2. Wind-assisted gas-turbine generating unit.

In a second mode of operation, when the demand for power
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Wind-powered pumps can be used to desalingte Wate,
reverse 0smosis units. r

Storage,

Wind-powered pumps can also be used to save fuel apg ele
by compressing the working fluids used in heat Pumpg
heating applications, as discussed below.
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