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Fig 6.2.1. Dependence of wind-rotor power on wind speed
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Fig. 6.2.2. Conditions In traversing a wind rotor.
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The fraction O ULE oo sss e h
ior is called the power-codfficient ; thus
Power of wind rotor
Power coefficiont = Power available in the wind

ALt malsr latad fram the alr denﬂitv. rotor dlaIJ

Scanned by CamScanner



Maximum power



TURBINE WHEEL

o

PRESSURE
\ ]
<0

Pl-
Pp
a b
f I
; |
VL I [
3 Ya
g Vy \ V va
'j".." \
Ve
a b e

DISTANCE X ,
Tig. 6.2.3. Pressure and velocity profiles of wind moving through a

horizontal-axis propeller-type wind turbine.

1!9

Scanned by CamScanner



— - T | T aav v Suvcauwuy 110w mecnanical work

V; 2 V.©
. — Pa. + p =
ch 28¢

P; +p

Scanned by CamScanner



Similarly for the exit region be,
[+ Ve ) =z P i ;
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considered, it can be gssﬁmed that velocity within the turbine does not
change much. " Ve < |

VeV Vi | .(6.2.11)
Combining equation (6.2.9) to (6.2.11) yields,
. . ; ﬂg_vez_. .
i, Pﬂf =Py =p [ B ..(6.2.12)
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The axml force F, in the direction of wind stream, on a tarhine
h&ﬂl with Pm_}ect,ed area, perpendicular to the stream A, s given by

v -V2
F.=(P,—PpA-= PA ) \ A2
_ — aga

Tlns force is also equalto changein momentum of the Wm& (from
N eWtUn S secnnd 1aW) | =

" F.= AmV)lg,
where m = mass ﬂuw rate = pAVt

Thus = Fe=— pAW\V vy - R
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from 7’; to T, and flow energy change is there from Pp to Py, 1y t{

system no heat is added or rejected i.e. adiabatic flow. The genm.;l

energy equation how reduces to the steady flow work W and kiney;,

energy terms,

i (6.2
g (8.2.1¢)

W = kE; —kE, =

The power P is defined as the rate of work, from mass flow rag,

equation

V_2 4 2 1
P=m— ¢ = AV VE2-NA B2
2g: ' 2gg B )
Combining this with equation (6.2.15),

P=-1 AV, +V)V2-V2 (6218
8.

Eauation (6.2.17) reverts to equation (6.2.2) for P,.... when V, #\
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oo Using the tig 1) g N R
hotizottal e equa 1an (6.2.18), for an ideal wind machine, with

P 28 dynh Wy

S L (6.2.20)
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6.2.3. Forces on the Blades and Thrust on Turbines

- As stated earlier, here blades of propeller-type wind turbine is
considered. There are two types of forces which are acting on the’blades.
One s circumnferential force acting in the direction of wheel rutat}un t]:*lat
wrovides the torque and other is the axial force acting in the direction
of the wind stream that provides an axial thrust that must be

| counteracted by proper mechanical design.

Ti:l& Circumferential force, or torque T can be obtained from

T'= i b - ..(6.2.21)
, "o anDN .
where T = torque kgf or Newton (N)

B o = angular velocity of turbine wheel, m/s

b

; D = diameter of turbine wheel

= \’i .A, m
T

| ) & B Ly [ _I
AT _ «wlaal waunlntions per unit time, s
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». 'The real efficiency n = P
| ﬂ:rta

P=n. Ptntal-' PAVS
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For a turbine operating at power P, the expression for torque
u 4 S

1. p AV 5
T'="%, =N
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The axial force on a turbine wheel operating at maximyy,
efficiency where V, =2 V; is given by

4

F _ — '2 — —In-- : 2
X, max ggc ﬂAV:'- o= ggc l‘]A.V;
L. ,
g, PV (6.2.29
We see that axial or 1
dtfﬂmeteraf the turbine o prepur ol toithe e of the

wheel, this limits turbine wheel diameter of large
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(b) Cross-section across A—A Fie (a)
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:iymb“ls Free wind velocity
v velocity of airfoil element
. (b Vs | =00
resultant TI.w.fi',l:n:l as ‘seen’ by airfoil element
" life force (perpendicular to V)
i drag force
Flg} angle of twist
o angle of incidence
angular speed of rotor £ it
. distance of qirfoil element from its axis of
' rotation. —_——

| s Mt 5 aultant vector V.
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Fig. 6.5.1. Basic components of a Wind Electric System.
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Fig. 6.8.8. The Savdnius rotor and its stream flow.
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