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Step-by-step solution

Step 1 of 40

(@)

Consider the solar declination formula.
()‘=23445$in|:ﬂ(u—100)] ...... 1)
365

Where,
& is the solar declination,
n is the solar number.

Substitute 182 for n in Equation (1)

Comment

Step 2 of 40

Consider the altitude angle of the sun at zero degree.

The altitude angle is defined as angle between the sun and local horizontal directly beneath the
sun.

f=90°-L+5 ... 2)
Where,
Pis the altitude angle in degree,
L is the local altitude in degree,
g is the solar declination in degree.
Substitute 39.8 for 7 and 23.12 for § in Equation (2).
P=90°~L+J
=90°-39.8°+23.12°
=73.32°

Comment

Step 3 of 40

Consider the formula for incidence angle.
cos @ = cos fcos(d — ¢ )sin X +sin fcosE ... (3)
Where,
¢, is the solar azimuth angle,
¢, is the collector azimuth angle,
3 is the solar collector tipped up at an angle.
Substitute 40 for 3, 0 for ¢ & ¢. and 73.32 for A in Equation (3).
cos @ = cos fFcos(d — ¢ )sin L +sin fcos X

=¢0s73.32°cos (0~ 0)sin 40° +sin 73.32°cos 40°
=0.9183

Comment

Step 4 of 40

Consider the formula for beam isolation striking a collector face.
Iy =1 c086 ... (4)

Where,
1, is the beam isolation striking a collector face,
I, is the beam isolation on the earth surface.

Substitute 901 for /,, and 0.9183 for ¢os@ in Equation (4).

DNI
lye = Iy cosO
=901x0.9183

=827.4W/m’

Comment

Step 5 of 40

Consider the formula for diffuse insolation on collector.

1+cosY
et 2555
Where,
1, is the diffuse insolation on collector face,
1,,,,is the diffuse insolation on horizontal surface.

Substitute 143 for /,,, and 40 for 3 in Equation (5).

DHI

1+cosY
Toe = 1o [fj
:143X(l+c0540]
2
=1263W/m’
Comment

Step 6 of 40

Consider the formula for reflection insolation.

1-cosY
Ipe = ply [TJ

Where,
I, is the diffuse insolation on collector face,
1,,is the diffuse insolation on horizontal surface,
pis the ground reflection.

Substitute0.2 for p, 998 for /,, and 40 for 3 in Equation (6).

1-cosY
Ipe =PIy [T)
:0.2x998x[ﬂ]
2
=233W/m’
Comment

Step 7 of 40

Consider the formula for insolation on collector.
Lomly +1p 41y - 7)

Where,
I is the insolation on collector.

Substitute 827.4 for /., 126.3 for /. and 23.3 for /. in Equation (7).

BC?

Io =g +1pc + 1,
=827.4W/m’ +126.3W/m’ +23.3W/m’
=977W/m?

Thus, the insolation for collector face is {977 W

Comment

Step 8 of 40

(b)
Change in tilt angle is 30 degree with reflectance is 0.2.

Substitute 300 for ¥ , 0 for ¢ & ¢. and 73.32 for /3 in Equation (3).

cos @ = cos fcos(d —d. )sin L+sin fcos X
=c0s73.32°cos (0 - 0)sin 30° +sin 73.32°cos 30°
=0.9686

Comment

Step 9 of 40

Substitute 901 for /,,,, and 0.9686 for cos@ in Equation (4).

Iy = 1, cos@
=901x0.9686
=87273W/m*

Comments (1)

Step 10 of 40

Substitute 143 for 7, and 30 for ¥ in Equation (5).
1+cosY
IIX' = Inlu [TJ
1+cos30
2

:143X(

=133.42W/m’

Comment

Step 11 of 40

Substitute0.2 for o, 998 for /,, and 30 for ¥ in Equation (6).

1-cosX
Iye = ply [ Py ]
- 042x99xx[ﬂ]
2
=13.37W/m*
Comment

Step 12 of 40

Substitute 872.34 for /., 133.42for /. and 13.37 for /.. in Equation (7).
Io =Ty + e + 1

=872.76 W/m* +133.42W/m’ +13.37 W/m’

=1,019.55W/m’

Thus, the insolation for collector face is 1,019.55 W/m?|-

Comments (1)

Step 13 of 40

(c)
Consider the north-south horizontal axis tracking collector at 11:00 am solar time.

Substitute 182 for n in Equation (1).
5 =23.45sin 32(n -100)
365

B 234455in[3ﬂ(I82 - |oo)}
365

=23.12°

Comment

Step 14 of 40

Consider the altitude angle of the sun at zero degree.

The altitude angle is defined as angle between the sun and local horizontal directly beneath the
sun.

sin ff=cos Lcosdcos H +sinLsind ...... (8)
Where,

JSis the altitude angle in degree,

L is the local altitude in degree,

g is the solar declination in degree.

Substitute 39.8 for 7, 15 for H and 23.12 for § in Equation (8).

sin f# = cos Lcosd cos H +sin Lsind
=¢0s39.8°xc0s23.12cos 15 +5in 39.8°sin 23.12
=0.8729°
f=69.04°

Comments (1)

Step 15 of 40

Consider the solar azimuth angle.

gk e R, (o)
’ cos 3

Where,

¢, is the solar azimuth angle in degree.
Comment

Step 16 of 40

Substitute 69.04 for 4, 15 for H and 23.12 for § in Equation (9).

cosdsin H

Hog= cos f#
_c0s23.12sin15
T c0s69.04
=0.6654
& =41.72°
Comment

Step 17 of 40

Consider the formula for incidence angle.

cosf = lf(cosﬂcosq)z ...... (10)

Where,
¢, is the solar azimuth angle.

Substitute 41.72 for ¢ and 69.04 for /3 in Equation (10).

cos0 = \[1-(cos Bcos gy )’

= 1-(cos69.04cos 41.72)’

=0.964

Comment

Step 18 of 40

Substitute 889 for /,,, and 0.964 for ¢os# in Equation (4).

Iy = Iy cos@
=889x0.964
=857W/m’

Comment

Step 19 of 40

Consider the formula for diffuse insolation on collector.

1+sin f/cos &
Toe =Ty (+)

Where,
1, is the diffuse insolation on collector face,
1,,,,is the diffuse insolation on horizontal surface.

Substitute 138 for [, , 69.04 for £ and 0.964 for cos@ in Equation (11).

1+sin f/cos @
Toe =Ty (4)

2
_ 138x[l+sm69.04 0,%4]
2
=136 W/m’
Comment

Step 20 of 40

Consider the formula for reflection insolation.
1-sin f/cos@
Iec =PI, [+] ...... (12)

Where,
1, is the diffuse insolation on collector face,
1,,is the diffuse insolation on horizontal surface,
pis the ground reflection.

Substitute0.2 for p, 938 for /,, 69.04 for S and 0.964 for ¢os@ in Equation (12).

1-sin f/cos @

IR( . /’IH [f)
:0.2”38{1 —5in 69.04 0.964)
=3W/m’

Comment

Step 21 of 40

Substitute 857 for /., 136 for /. and 3 for /. in Equation (7).
Ieml 4141,
=857W/m* +136 W/m* +3W/m’
=996 W/m’

Thus, the insolation for collector face is (996 W/m?|.

Comment

Step 22 of 40

(d)
Consider the solar noon at12:00pm refer the Table P4.11 in text book.

Substitute 901 for [, and 0.964 for ¢os@ in Equation (4).

DNI

Iy =1 cos@
=901x0.964
=868.564 W/m’

Comment

Step 23 of 40

Substitute 143 for /. 69.04 for f# and 0.964 for cos@ in Equation (11).

DHI *

1+sin f/cos @
Toe =Ty (4]

2
N l43x( 1+sin 69.04 0.9()4)
2
=140.76 W/m*
Comment

Step 24 of 40

Substitute0.2 for p, 998 for /,, 69.04 for S and 0.964 for ¢os@ in Equation (12).

1—sin f/cos @
Iye = ply [f)
_ 0_2x998x[| —sin69.04, 0964)
=3.12W/m?
Comment

Step 25 of 40
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=868.58 W/m* +140.76 W/m* +3.12W/m’?
=1,012.46 W/m’

Thus, the insolation for collector face is 1,012,46W/m: .

Comment

Step 26 of 40

(e)
Consider the two axis tracker at reflectance is 0.2.
Substitute 901 for /,,,, and 1 for ¢os# in Equation (4).

Tye = Iy, c0s 8
=901x1
=901 W/m’

Comment

Step 27 of 40

Consider the formula for diffuse insolation on collector.

T :Il)nll(l+52inﬂ) ------ (13)

Where,
I, is the diffuse insolation on collector face,

1, is the diffuse insolation on horizontal surface.

DHI

Substitute 143 for /, and 73.32 for fin Equation (13).

DHI

1+sin
I :Imu( ﬂ)

2

i 2
_ 143){ 1+ sm?73.3- ]

=140W/m’

Comment

Step 28 of 40

Consider the formula for reflection insolation.

Te = Pl [ ' 'Szi"/’) ...... (14)

Where,
I, is the diffuse insolation on collector face,

1, is the diffuse insolation on horizontal surface,

GHI
pis the ground reflection.

Substitute0.2 for p, 998 for [, and 73.32 for # in Equation (14).

GHI

1-sin
Iy = /’Iﬁm( > ﬁ]
:0.2x998x[w]
=4W/m’

Comments (1)

Step 29 of 40

Substitute 901 for /., 140 for /. and 4 for /. in Equation (7).

BC?

Io =1y + 1 + 1
=901W/m* +140 W/m’ +4 W/m’
=1,045W/m’

Thus, the insolation for collector face is |1,045 W/m: .

Comment

Step 30 of 40

(U]
Consider the two axis tracker for 11:00 am.

Substitute 138 for /,,,, and 73.32 for f2in Equation (13).

DHI

1+sin
Iix =Imu( ﬁJ

2

2

:138x(l+sm73‘32J

=135.09W/m’

Comment

Step 31 of 40

Substitute0.2 for p, 938 for /,,, and 73.32 for f in Equation (14).

GHI

1-sin
Ty :/’I(.m( 2 ﬂ]
—si 2
=0,2x93gx[M]
2
=3.94W/m?
Comment

Step 32 of 40

Substitute 901 for /., 135.09 for /. and 3.94 for /. in Equation (7).

BC?

Io=lpc +1pc+1p
=901 W/m* +135.09 W/m’ +3.94 W/m’
=1,040.00 W/m’

Thus, the insolation for collector face is |1,040 W/m: N

Comment

Step 33 of 40

((¢)]

For one axis tracker at reflectance is 0.2,

Consider the formula for beam isolation striking a collector face.
Iye =Ipgsin(f+X) ... (15)

Where,
I, is the beam isolation striking a collector face,

I, is the beamisolation on the earth surface.

DNI

Substitute 901 for 7, 30 for ¥ and 73.32 for £ in Equation (15).

DNI

Iy = Iy sin(B+X)
=90I><sin(73.32+30)
=876.7W/m’

Comment

Step 34 of 40

Consider the formula for diffuse insolation on collector.

l+cos)
Iy = Imu(Tj

Where,
1, is the diffuse insolation on collector face,

1., is the diffuse insolation on horizontal surface.

DHI

Substitute 138 for /,, and 30 for ¥ in Equation (16).

DH

1+cosY
Toe =Ty [T]

1+cos30
2

:138x[

=128.75W/m?

Comment

Step 35 of 40

Consider the formula for reflection insolation.
1-cosY
Tpe = Plow (—J
2
Where,

1, is the diffuse insolation on collector face.

I, is the diffuse insolation on horizontal surface,

GHI
p is the ground reflection.

Substitute0.2 for p, 938 for [, and 30 for 3 in Equation (17).

GHI

1-cosY
Iye = Pl (T)
- 0,2x938x[ﬂ)
2
=12.56 W/m?
Comment

Step 36 of 40
Substitute 876.1 for /.,
Io =Tpc +1pc + 1y,
=876.1W/m* +128.75 W/m* +12.56 W/m’
=1,018W/m’

Thus, the insolation for collector face is

s/

Comment

Step 37 of 40

(h)

For one axis tracker at reflectance is 0.2 for solar noon.

Consider the formula for beam isolation striking a collector face.
Iye =l sin(B+X) ... (15)

Where,

I, is the beam isolation striking a collector face,

BC

I, is the beam isolation on the earth surface.

DNI

Substitute 901 for [, , 30 for Y and 73.32 for £ in Equation (15).
Toe =1y Sin(ﬂ+z)

=901xsin(73.32+30)

=876.7W/m’

Comment

Step 38 of 40

Substitute 138 for /,,,, and 30 for ¥ in Equation (16).

DHI

1+cosY
Toe = 1o [T]
:143X(l+c0530)
2
=133.4W/m’
Comment

Step 39 of 40

Substitute0.2 for p, 998 for /., and 30 for Y in Equation (17).

GHI

1-cosX
Iye = Pl (T)
- 0.2x998x(ﬂ)
=13.4W/m’
Comment

Step 40 of 40

Substitute 876.1 for /., 133.4 for /. and 13.4 for /. in Equation (7).

Io=Tpc +1pc+ 1y
=876.1W/m* +133.4W/m’ +13.4W/m’
=1,024 W/m?

Thus, the insolation for collector face is |1,024 W/m: i

Comment

Was this solution helpful? 3 (]

Recommended solutions for you in Chapter 4

2 0of 3

128.75 for [,,. and 12.56 for /. in Equation (7).
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