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Abstract :

This research includes the calculation of the angle B during the year for the solar
collector by calculating the radiation incident one hour per day outside the
atmosphere (I°), the direct radiation on the surface of the earth (I,), the diffused
radiation (I), the total radiation on the surface of the earth (I) and the incident
radiation Within an hour on an inclined surface (I;) and calculated from 8 am to 3

pm, B (10° - 30°) changes during the year.
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Normal to surface
in consideration

g S
Sun
S Projection of normal to Plan view showing
surface on horizontal surface solar azimuth angle

a9 30 1(1-4) Jsad

—-:(8) (declination angle) Cil o) 43517 @

~(1)

5 _ 9345 o [(284+ N)360

—: {h) (Hour angle) isl.li dugl; @
h = +0.25(number of minutes from local solar noon) ..... (2)
—: (L) (latitude angle) ja el i 41515 @
ol 5V dad Crgin of o) gl dad Jladi W 5550 g adoell o adiad
—:() (solar altitude angle) Lol plis ) 4345 o

< +@0 =mn/2 =90° ..(3)
sin x= cos @ = sm(L) sm(8) + cos(L) cos(6) cos(h) o (4)

—:(z,) (Surface azimuth angle) mhetl cau dygl; o

o pindl olaty and oo peaddl o Ly
/N | L ()
—: (0)(Angle of incidence) Lgiul 434 ; @
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cos® =sind sinL cos3 —sind cosL sinf3 cosZg
+ cosd cosL cosf cosh
+ cosd sinL sin cosZg cosh
+ cosd sin sinZg sinh ... .o oo cn vt e e (6)

ol Jueiud 3= B

Actall W o) O 4xie 35 8 3ga g el (w1, w3) ) dus (0 > W,

Ip = (12 * 3600/m)Gg {1 + 0.033 cos(360N/365)} * {cos L. cos &(sinh,
—sinh;) + (m(w, — w;) sinL sin§)/180} ... ... ... e e oo . (7)

ol Gl 2 s E sdan o il el g laiV) g [ Cua
I TN PR p——C:).

=Ip ) sdbadl pwcdll g la2Y) Beam radiation(
= Ig) & ¢ lasy) Diffuse radiation(
SRS RTN

= Tp—: 4ABladh ety jiluall gDl (g ealdl DA 200

T, = ap +a,e(K/cos®) ... (10)
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ay = 0.95{0.4237 — 0.00821(6 — A)?} ev. evv eee eee . (11)
a; = 0.98{0.5055 + 0.00595(6.5 — A)?} ... . ver vev o (12)

K = 1.02{0.2711 + 0.01858(2.5 — A)?} ... . e e e ... (13)

Where A is the altitude in kilometers of given site

- J!L_u:.

= 7q elndll 8 el g sl U 58 adas o 280l il el o Led) A
= AV Al daays s lal)
Tq = 0.271—-0.294 T, .o ev v oo .. (15)
= b e A g o it Sy Jile g o el aneddl g lasYl
—:(beam radiation) Ll pladyi .1

P
- d!klu:.

=Ry .+ 3 ph o Sl glasY) ) Bl pao o Jadlull bl g ladyl o &gl
—: AoV Al taad

_cos(6) _ sin(L — B) sin(8) + cos(L — B) cos(6) cos(w)
B cos(9) sin(L) sin(8) + cos(L) cos(8) cos(w)

..(17)
—: (Diffuse radiation) iidi gladyl .2

— 1y (H—COSB) e (18)
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—: i ) Adad gy uSaial) g ladiy) 3

[ pg (1_—“)5‘8) e (19)

P
- d!k_i:l:.

(ground reflectance) (= ¥ uisail = p,

AL ey Aeldl 8 Jile phn o TS Kt platyh o6l

I, =1, Ry, + 14 {(1%“)56)} + ng{<1_TCOSB>} e (27)
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time tw/mr2) | tw/mr2) | wmr2) | wimt2) | Iw/mA2)
08:00 100 200 300 400 500
09:00 300 400 500 600 700
10:00 500 600 700 800 900
11:00 700 800 900 1000 1100
12:00 700 800 900 1000 1100
13:00 500 600 700 800 900
14:00 300 400 500 600 700
15:00 100 200 300 400 500
N
lt(w/m”2 ) slt(w/m”2 ) slt(w/m”2 ) sit(w/mA2
) slt(w/m~2)
1200
1000
800
—— It(w/mA2 )
600 ——It(w/m"2)
It(w/mn2 )
400 ——It(w/m"2)
——— It(w/mA2 )
200

08:0009:00 10:00 11:00 12:00 13:00 14:00 15:00
time
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time lt(w/m*"2) lt(w/m*"2) lt(w/m"2 ) It(w/mA2) lt(w/m”2)
08:00 200 300 400 500 600
09:00 400 500 600 700 800
10:00 600 700 800 900 1000
11:00 800 900 1000 1100 1200
12:00 800 900 1000 1100 1200
13:00 600 700 800 900 1000
14:00 400 500 600 700 800
15:00 200 300 400 500 600
4 R
lt(w/m”2 ) slt(w/m~2 ) sit(w/mA2 )
slt(w/mA2) sit(w/mA2)
1400
1200
1000
— N
800 It(w/mn2)
——It(w/m~2)
600 It(w/mA2 )
400 ——It(w/m"2)
—t(w/m~"2)
200
0
08:0009:0010:0011:0012:0013:0014:0015:00
time
N J




time [t(w/m"2) lt(w/m”"2) It(w/m"2) It(w/m”2) It(w/m”2 )
08:00 300 600 900 1200 1500
09:00 500 800 1100 1400 1700
10:00 700 1000 1300 1600 1900
11:00 900 1200 1500 1800 2100
12:00 900 1200 1500 1800 2100
13:00 700 1000 1300 1600 1900
14:00 500 800 1100 1400 1700
15:00 300 600 900 1200 1500
~

lt(w/m”2 ) slt(w/mA”2) sit(w/m~2 ) slt(w/m”2)
slt(w/mA2)

2500
2000
1500 —It(w/m”"2)
——It(w/m~"2)
1000 It(w/mA2 )
——It(w/m~2)
500 — It(w/m~2)
0
08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00
time
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time w/m?2) | lwmr2) | wimr2) | wimA2) | w/ma2)
08:00 400 700 1000 1300 1600
09:00 600 900 1200 1500 1800
10:00 800 1100 1400 1700 2000
11:00 900 1300 1600 1900 2200
12:00 900 1300 1600 1900 2200
13:00 800 1100 1400 1700 2000
14:00 600 900 1200 1500 1800
15:00 400 700 1000 1300 1600
lt(w/mA2 ) slt(w/m”2 ) slt(w/m”2 ) sit(w/mA2)
slt(w/mA2)
2500
2000
1500 ——It(w/mA2)
— t(w/m~2)
1000 It(w/m~n2)
——It(w/m~2)
500 ——It(w/m"2 )

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00

time
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time [t(w/m”"2) [t(w/m”"2) It(w/m"2 ) It(w/m”2 ) It(w/m”2 )
08:00 500 600 700 800 900
09:00 700 800 900 1000 1100
10:00 900 1000 1100 1200 1300
11:00 1100 1200 1300 1400 1500
12:00 1100 1200 1300 1400 1500
13:00 900 1000 1100 1200 1300
14:00 700 800 900 1000 1100
15:00 500 600 700 800 900
\
lt(w/m”2 ) slt(w/m”2 ) slt(w/m”2)
slt(w/mA2) sit(w/mA2)
1800
1600
1400
1200
——It(w/m~2)
1000
——It(w/m~2)
800 It(w/m~2)
600 ——It(w/mA2)
400 —It(w/m~2)
200

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00

time

35




time [t(w/m"2) [t(w/m"2) It(w/m”2 ) It(w/m”"2 ) It(w/m”"2 )
08:00 1000 1100 1200 1300 1400
09:00 1200 1300 1400 1500 1600
10:00 1400 1500 1600 1700 1800
11:00 1600 1700 1800 1900 2000
12:00 1600 1700 1800 1900 2000
13:00 1400 1500 1600 1700 1800
14:00 1200 1300 1400 1500 1600
15:00 1000 1100 1200 1300 1400
4 N
lt(w/m”2 ) slt(w/m~2) slt(w/mA2 )
slt(w/m~2) sit(w/mA2)
2500
2000
1500 — It(w/m”"2)
——It(w/m~2)
1000 It(w/m"2)
——It(w/mA2)
500
——t(w/m~2 )
0
08:0009:0010:0011:0012:0013:0014:0015:00
time
o J
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time [t(w/m"2) [t(w/m”"2) [t(w/m"2) It(w/m”2) [t(w/m"2)
08:00 300 400 600 800 900
09:00 400 500 700 900 1000
10:00 500 600 800 1000 1100
11:00 600 700 900 1100 1200
12:00 600 700 900 1100 1200
13:00 500 600 800 1000 1100
14:00 400 500 700 900 1000
15:00 300 400 600 800 900
4 N
It(w/mA2 ) sit(w/mA2 ) sit(w/mA2 )
slt(w/m22) sit(w/mA2)
1400
1200
1000 /\
——It(w/m~"2)
800
——It(w/m~2)
600
A It(w/mA2)
400 —— It(w/mA2)
200 —It(w/m~"2)
0
08:0009:00 10:00 11:00 12:00 13:00 14:00 15:00
time
\_ J
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time [t(w/m"2) lt(w/m”"2) It(w/m"2 ) It(w/m”2 ) It(w/m”2)
08:00 300 400 600 800 900
09:00 400 500 700 900 1000
10:00 500 600 800 1000 1100
11:00 600 700 900 1100 1200
12:00 600 700 900 1100 1200
13:00 500 600 800 1000 1100
14:00 400 500 700 900 1000
I
lt(w/m”2 ) slt(w/mA2) sit(w/m~2)
slt(w/mA2) slt(w/mA2)
1400
1200
1000 //_\\
——It(w/m~2)
800
—It(w/m~"2)
600 /\ Itw/mA2 )
400 /\ —— It{w/mA2)
200 ——It(w/m~2)

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00

time
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time [t(w/m”"2) It(w/m”2 ) It(w/m”2) lt(w/m"2) It(w/m”2 )
08:00 500 700 900 1100 1300
09:00 600 800 1000 1200 1400
10:00 700 900 1100 1300 1500
11:00 800 1000 1200 1400 1600
12:00 800 1000 1200 1400 1600
13:00 700 900 1100 1300 1500
14:00 600 800 1000 1200 1400
15:00 500 700 900 1100 1300

~

lt(w/mA2 ) sit(w/mA2 ) slt(w/mA2 ) sit(w/mA2
) slt(w/mA2)

1800
1600
1400 /\
1200 /\ it(w/mn2)
1000 /\ —— It(w/mA2)
800
€00 /\ It(w/mA2)
400 —It(w/m~2)
200 —t(w/mA2)
0
08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00
time
%
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time [t(w/m"2) It(w/m"2 ) It(w/m”2) [t(w/m"2) It(w/m"2 )
08:00 100 200 300 400 500
09:00 400 500 600 700 800
10:00 700 800 900 1000 1100
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