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Step-by-step solution

(a)

Consider the solar declination formula.

 …… (1)

Where,

 is the solar declination,

 is the solar number.

Substitute 182 for  in Equation (1)

Comment

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.

 …… (2)

Where,

is the altitude angle in degree,

is the local altitude in degree,

is the solar declination in degree.

Substitute 39.8 for  and 23.12 for  in Equation (2).

Comment

Consider the formula for incidence angle.

 …… (3)

Where,

 is the solar azimuth angle,

 is the collector azimuth angle,

is the solar collector tipped up at an angle.

Substitute 40 for  , 0 for  &  and 73.32 for  in Equation (3).

Comment

Consider the formula for beam isolation striking a collector face.

 …… (4)

Where,

 is the beam isolation striking a collector face,

is the beam isolation on the earth surface.

Substitute 901 for  and 0.9183 for  in Equation (4).

Comment

Consider the formula for diffuse insolation on collector.

 …… (5)

Where,

 is the diffuse insolation on collector face,

is the diffuse insolation on horizontal surface.

Substitute 143 for  and 40 for  in Equation (5).

Comment

Consider the formula for reflection insolation.

 …… (6)

Where,

 is the diffuse insolation on collector face,

is the diffuse insolation on horizontal surface,

is the ground reflection.

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

Comment

Consider the formula for insolation on collector.

 …… (7)

Where,

 is the insolation on collector.

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

Thus, the insolation for collector face is .

Comment

(b)

Change in tilt angle is 30 degree with reflectance is 0.2.

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

Comment

Substitute 901 for  and 0.9686 for  in Equation (4).

Comments (1)

Substitute 143 for  and 30 for  in Equation (5).

Comment

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

Comment

Substitute 872.34 for , 133.42for  and 13.37 for  in Equation (7).

Thus, the insolation for collector face is .

Comments (1)

(c)

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

Substitute 182 for  in Equation (1).

Comment

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.

 …… (8)

Where,

is the altitude angle in degree,

is the local altitude in degree,

is the solar declination in degree.

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

Comments (1)

Consider the solar azimuth angle.

 …… (9)

Where,

is the solar azimuth angle in degree.

Comment

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

Comment

Consider the formula for incidence angle.

 …… (10)

Where,

 is the solar azimuth angle.

Substitute 41.72 for  and 69.04 for  in Equation (10).

Comment

Substitute 889 for  and 0.964 for  in Equation (4).

Comment

Consider the formula for diffuse insolation on collector.

 …… (11)

Where,

 is the diffuse insolation on collector face,

is the diffuse insolation on horizontal surface.

Substitute 138 for  , 69.04 for  and 0.964 for  in Equation (11).

Comment

Consider the formula for reflection insolation.

 …… (12)

Where,

 is the diffuse insolation on collector face,

is the diffuse insolation on horizontal surface,

is the ground reflection.

Substitute0.2 for , 938 for  69.04 for  and 0.964 for  in Equation (12).

Comment

Substitute 857 for , 136 for  and 3 for  in Equation (7).

Thus, the insolation for collector face is .

Comment

(d)

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

Substitute 901 for  and 0.964 for  in Equation (4).

Comment

Substitute 143 for  , 69.04 for  and 0.964 for  in Equation (11).

Comment

Substitute0.2 for , 998 for  69.04 for  and 0.964 for  in Equation (12).

Comment
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Thus, the insolation for collector face is .

Comment

(e)

Consider the two axis tracker at reflectance is 0.2.

Substitute 901 for  and 1 for  in Equation (4).

Comment

Consider the formula for diffuse insolation on collector.

 …… (13)

Where,

 is the diffuse insolation on collector face,

is the diffuse insolation on horizontal surface.

Substitute 143 for  and 73.32 for in Equation (13).

Comment

Consider the formula for reflection insolation.

 …… (14)

Where,

 is the diffuse insolation on collector face,

is the diffuse insolation on horizontal surface,

is the ground reflection.

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

Comments (1)

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

Thus, the insolation for collector face is .

Comment

(f)

Consider the two axis tracker for 11:00 am.

Substitute 138 for  and 73.32 for in Equation (13).

Comment

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

Comment

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

Thus, the insolation for collector face is .

Comment

(g)

For one axis tracker at reflectance is 0.2,

Consider the formula for beam isolation striking a collector face.

 …… (15)

Where,

 is the beam isolation striking a collector face,

 is the beam isolation on the earth surface.

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

Comment

Consider the formula for diffuse insolation on collector.

 …… (16)

Where,

 is the diffuse insolation on collector face,

 is the diffuse insolation on horizontal surface.

Substitute 138 for  and 30 for in Equation (16).

Comment

Consider the formula for reflection insolation.

 …… (17)

Where,

 is the diffuse insolation on collector face.

 is the diffuse insolation on horizontal surface,

 is the ground reflection.

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

Comment

Substitute 876.1 for , 128.75 for  and 12.56 for  in Equation (7).

Thus, the insolation for collector face is .

Comment

(h)

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

Consider the formula for beam isolation striking a collector face.

 …… (15)

Where,

 is the beam isolation striking a collector face,

is the beam isolation on the earth surface.

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

Comment

Substitute 138 for  and 30 for in Equation (16).

Comment

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

Comment

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

Thus, the insolation for collector face is .

Comment
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