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Electric Energy (3rd Edition)

Chapter 6, Problem 22E Bookmark Show all steps: ON

Step-by-step solution

Step 1 0of 9

Write the formula for the coefficient of performance of wind turbine, €.
C, = k,{a\ -k p—kp -k, Je ™
e e,
TSR+kp 1+p
Substitute 20 for k,, 0.1 for k,, 0.002 for k,,0.003 for k,, 15 for k., 1for k, , and 0.02 for
k,.

A

C, =20(A-0.1p-0.002" - 0.003 )"
2
PETTE n_u.I
TSR+B 1+p
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Step 2 of 9

(a)
The angle of attack u is,
a=90%+n_,-p
Here,

[} is the pitch angle
n,,., is the wind speed
The pitch angle i is,
p=90°+n_, -«
Take wind speed as  2{)./ - &()° .
Substitute -8(° for n,,.
p=90°-80°~-a

f=10"-a

Substitute ()® for «.
p=10°-0°

p=10°

Substitute |()* for .
p=10"-10°

p=0°

Substitute 2()® for .
p=10"=207

p=-10°

Substitute 3()® for .
p=10°-30°

p==20°

As « increases from {)° to 3()°, [} decreases from [()® to -2()°.

Comment

Step 3 of 9

Consider the formulae.
CP =5 20! A=0.1p-0.002p —{J.O(]J]e oo

1 0,02
A== NS 3
TSR+p 14

Substitute 10°, thatis, 10| | for p.
\

i80
x i PR 1 ”
C. =20 A—l}l.lxlllx[—]—fl.ﬂl].'!x(l()x(— ~0.003 |¢
¥ 180 ) 180

= 2(:[;\ ~0.0174-1.0633%10"° -n.:nu]« Ha
=20(A-0.02)e "™
L0
A | ) 0.02

o x ( ,,
TSR +10 [10x
. “[18"} I+iL|ll [IH(I]

- _om9
TSR +0.174

Plot €' versus TSR for u equalto (° as TSR varies from 1 to 20.
Cp

04+
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

Comment

Step 4 of 9

Consider the formulae.
Cr = 20: A=0.1p-0.,002p° - U.OOB]a- o
d
A 1 - (].U..‘
TSR+p 1+p
Substitute ()* for fi.

C, =20[A-0.003]e "™
e s SR
TSR+10x(0) 1
- 002
TSR

Plot (',_ versus TSR for « equalto |()* as TSR varies from 1 to 20.
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Step 5 0of 9

Consider the formulae.
C, =20(A-0.1p-0.002" - 0.003 )¢ "

AL 002
UUOTSR4B 1+p

Y

Substitute ~1()® for fi, thatis, =10 x

¢, =20 ,\+0.|x|m[i]-u.mux m[i‘i] ~0.003 |
’ 180) 180

=20[ A+0.0174+1.0633x10°* - 0,003 ¢ "**
=20(A +0.0144)¢ "

0.02
A= ' R ]_ -
TSR—"I:-:[ : _( b3
180 ! \H]x ]RUJ
= ; -0.02
TSR-0.174
Plot (',_ versus TSR for « equalto 2()® as T&R varies from 1 to 20.
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Step 6 of 9

Consider the formulae.
C, = 2[![ A=0.1p-0.,002p° - [J.OGB]:- o
1 0.02
A=— - T
TSR+p 1+p

£
Substitute ~2(° for i, that s, —zilxtLJ
180

C, =20 ,\+n.|x_mx(f_]m.tm:x[zux[f_” ~0.003 |
, 180 180

=20] A +0.03548.506x 107 0,003 ¢
=20(A +0.032)e "

o I 0.02
- N F, ]
?SR—Enx[ X\ [20x(=
mn_J ! |\-“’" 180
S S5
TSR -0.349
Comment

Step 7 of 9

Plot ("_ versus TSR for @ equalto 3()* as TSR varies from 1 to 20.
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Thus, the coefficient of performance with respect to TSR plots are drawn.

Comment

Step 8 of 9

(b)
Consider the formulae.
C, =20(A-0.18-0.002" - 0.003 )¢ **
| 0.02
A=— — -
TSR+p 1+

Substitute 3()*, that is, 3()x(72-6] for .

. p ] b
C, =20 ,\-u.|x_mx(iJ—n.nu:x[suxf-"’_)] ~0.003 |
» 180 T

= 2(1[!\ ~0.0523-2.87x10"" - l}.li[).\]u "

=20(A -0.0556)e "

0.02
A= ‘ 7 ;
r.smsnx[' J ( x
aso) 30 (g0
=%—U.0I?5
TSR +0.53236
Comment

Step 9 of 9

Plot ('J_ versus TSR for [i equalto 3()® as TSK varies from1 to 12.
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Observe from the plot that €', =0.22 and TSR, =6.6.
Thus, the maximum (."“ is .
The ideal TSRiis [6.6]-
Comment
Was this solution helpful? 1 0

Recommended solutions for you in Chapter 6

Chapter 6, Solution 14E Chapter 6, Solution 25E

Calculate the value of the
voltage . Substitute for ,
for and for . Therefore,
the value of the voltage is

Consider the expression
for the gear ratio.
Substitute for and for .
Therefore, the value of
speed on low speed
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