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Abstract

This paper has evaluated the direct, diffuse, and global thermal solar
irradiance incident on tilted, horizontal and vertical surfaces over Tripoli city,
and what is the extent of the influence the slope angle, under suitable climatic
conditions on the basis of clear days and dust, dirt, trees and shading that have
a negligible effect. Where, the geographical location and climatic conditions
play a major role in improving the performance of solar systems. The study
includes simulation of three surfaces inclined, horizontal and vertical,
considering effect of solar radiation based on the clear sky. Results were
obtained using a mathematical model (ASHRAE Mode) developed utilizing
the programming language Fortran 90 on the basis of a presentation presented
in the form of graphs and patterns showing the monthly average of the hourly
direct solar, diffuse and global radiation incident on tilted, horizontal and
vertical surfaces and the direct solar radiation on tilted surfaces as function of
sloped angle (8) during the daylight hours for four independent months
January which represented wintertime, April represented springtime, July
represented summertime and October autumn time of the year.

Results show that the higher value of the hourly direct solar radiation for
the titled surface 35° was, 1025 W/m2 for the month of October, horizontal
surface, 911W/m2 for April, and a vertical surface, 791 W/m2 for January,
and with regard to the hourly diffuse solar radiation for titled surface 35°, 224
W/m2 for month July, horizontal surface, 118W/m2 for July, and a vertical
surface, 175W/m2 for April, also with regard to the hourly global solar
radiation for titled surface 35° , 1195W/m2 for month October, horizontal
surface 1001W/m2 for April, and vertical surface 917W/m2 for January at the
same conditions. Furthermore, the optimal tilt angle for direct solar radiation
in January almost was 55°, in April the optimal tilt angle was 10°, in July the
optimal tilt angle was 0° and in October, the optimal tilt angle is 45°. It can be
noticed from the results that the hourly diffuse solar radiation has a certain
value in the first hours of daytime and the last hours, unlike the beam solar
radiation; these signs are an evident significance with regard to the Solar
Radiation Calculations.  However, this study results are useful and
satisfactory; they can be applied in reality, with a view to using Photovoltaic
Systems to get the necessary electrical energy for the requested load supply.
Also, for purpose calculations of the cooling loads and the solar collectors’
performance.
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1. INTRODUCTION

The earth is receiving quite large amounts of energy in the form of solar
radiation almost average 8 x 10 W. This amount may exceed about 10000
times of the present world needs of the energy. For this reason, study and
estimation amount of the hourly total (global) solar radiation is very
important, since it quite useful for calculations of cooling load, solar
collectors’ performance and Photovoltaic systems. The solar radiation
incident on earth’s surface is not simple procedure; because it depends on a
lot of variables and the factors like the sun’s rays beyond the earth’s
atmosphere, the solar energy that diffuses within reason impact solar
irradiance with particles atmospheric air, the solar angles changes
simultaneously and local etc. Where, can't control amount the solar radiation
which reaches to earth's surface. That is why it is, changed continuously as
result for several effects the more important which called fundamentals Solar
Components.

solstice

= 8 )
1ua = 1.496 10% km solstice

Fall equinox

Figure (1) Maximum and minimum value of declination angle[4].
1.1. Basic Solar Components

Solar Constant (Ggc), the mean solar constant Gg is the rate of irradiation
on the surface normal to the sun’s rays beyond the earth’s atmosphere and the
mean earth-sun distance. Extraterrestrial radiation is given by (1) [5].

Gext = Gsc (1+0.33 cos {Z2-1) (1)

Where Gey: Extraterrestrial radiation and N is the day of the year and Gsc is
solar constant, 1367 W/m2.

Angle of incidence (8), the angle between the beam radiation on a surface
and the normal to that surface.
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cos @ =sindsin@cosf —sind cosPsinf cosy
+ cos & cos P cos S cosw + cos§sin@sinf cosy cosw
+ cosdsinfB siny sinw

)
¢ is the location latitude angle (in degrees) and § is the declination angle of
the sun (in  degrees) given by:

, N-81
§ = +32.45 sin (o x 360) (3)
N: The number of day in the year
sinag = cos § cos @ cos w + sin § sin @ 4)

as is Solar altitude angle .It between the horizontal and the line to the sun, that
is, the complement of the zenith angle.

w = 15°%(LST — 12) (5)

o is Hour angle The angular displacement of the sun east or west of the local
meridian due to rotation of the earth on its axis at 15¢ per hour; morning
negative, afternoon positive. As prescribed in Figure 2 [5].

Local solar time (LST) is given by the following relationship
LST=L1T+TC/, (6)

If daylight savings time, hours (DST) is in effect,

Local Standard Time = Local DST — 1hour {Daylight saving is on}

Local DST= local daylight savings time, hours

Where LT is the local standard time for the studied zone in hours and TC time
correction factor in munities is given by eq. (7):

TC = 4(L — LSTM) + EOT )

Where L geographical longitude for the studied zone in degrees and LSTM
represented the standard meridian for local time given by the following
relationship
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AT¢pr :The difference between local time of the studied area and Greenwich
Mean Time in hours

EOT : Equation of time in munities is calculated by eq. (9):

EOT =9.87sin2D — 7.53cosD — 1.5sinD

)
D: Constant magnitude and function of number of day in the year can be
expressed as eg. (10):
— 360 n
D=—— (N —-81) (10)

2. ASHRAE Clear Sky Model

The ASHRAE algorithm offers a simpler method, which is widely utilized
by the engineering and architectural communities [6]. The value of the solar
constant does not take into account the absorption and scattering of the earth’s
atmosphere. Several types of radiation calculations are most conveniently
done using normalized radiation levels, that is, the ratio of radiation level to
the theoretically possible radiation that would be available if there were no
atmosphere. For these calculations, which are discussed in next item, we need
a method of calculating the Global Solar Radiation on Horizontal, vertical and
tilted Surfaces.

At any point in time, the solar radiation incident on a plane inside of the
atmosphere is the normal direct solar radiation and the diffuse.

2.1. Radiation on tilted surfaces

The calculation of the radiation over a tilted plane requires determining the
sun position together with the slope and orientation of the tilted plane. The
plane angles are defined as follows (see Figure 2). f is the slope of the
surface, measured from the horizontal plane towards the equator. y the surface
azimuth angle and it measures the orientation of the surface from the local
meridian, east positive. ¢ is the angle of incidence of radiation, that is, the
angle between the normal to the surface and the sun earth vector.

Thus, the cosine of the incidence angle 6 between the sun beam radiation
and a surface tilted an angle g towards the equator, oriented in any direction v,
is given by [5]:
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cos g =
B
sindsin@cosf —sind cosPsinf cosy + cosd cos P cos f cosw +
cosdsin@sinfB cosycosw + cosdsinfsiny sinw (112)

For vertical surfaces, £ = 90° and the equation becomes

cosfy = —sindcos® cosy + cosbsin® cosy cosw +
cos  siny sinw (12)

For horizontal surfaces, the angle of incidence is the zenith angle of the
sun, 0= 0. Its value must be between 0° and 90° when the sun is above the
horizon. For this situation, § = 0, and Equation 2 becomes:

cosBy = sindsin® + cos$ cosPcosw = sinog (13)

Sun %:I’

/

—— Y Horizental
__,r;/"._ ., surface
Projection of the normal ¥ _ﬂ_,.,-—~“’
\ of the plane on an AN o
horizontal surface ‘__,,-—Fff
,.a—-"'/ ~ 5
- 'y
S

Figure 2. Definition of angles for the incidence of solar radiation
on a tilted plane [9].

2.2. Hourly Global Solar Radiation on Horizontal Surfaces (1G,)

Global solar radiation on horizontal surfaces can be measured with a
pyranometer, which is an instrument that measures global solar radiation from
all directions. The global solar radiation on horizontal surfaces can be
categorized as follows:

o Diffuse solar radiation (/F)
o Direct beam solar radiation (IB)
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Solar radiation on a horizontal surface is the sum of the horizontal
direct and diffuse radiation.

G, =IB + IF (14)
1G,= Global Solar Radiation, Btu/(hr-ft?) or (W/m?)
IB= Direct beam solar radiation, Btu/(hr-ft?) or (W/m?)

IF=rate at which the total diffuse radiation (reflected plus diffuse), Btu/(hr-
ft?) or (W/m?)

IF=1Id+]Ir (15)

Id = rate at which energy is diffused on to sky (isotropic sky), Btu/(hr-ft*) or
(W/m?)

Ir = rate at which Energy reflected from ground and surroundings (diffuse
reflection), Btu/(hr-ft?) or (W/m?)

e Normal direct irradiation

A

Ih=—>2 ¢ 16

EXP(Il-‘)'(L, sir?as) " ( )

oL = exp(—0.000184 H ) (17)
(0]

Ib = normal direct irradiation, Btu/(hr-ft2) or (W/m2)[3]
as = solar altitude
Cy = clearness number equal 1.0

:—Lz ratio between atmosphere pressure at the studied site and the standard
o

atmosphere pressure as function in altitude [8].
H = the altitude of the observer in kilometers

A=1158 [1 +0.066 cos (%)] (18)
B =0.175[1 — 0.2 cos(0.93N)] — 0.045[1 — cos(1.95N)] (19)

A = apparent solar irradiation at air mass equal to zero, Btu/(hr-ft2) or
(Wim2) [7].
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B = atmospheric extinction coefficient [7].

On a surface of arbitrary orientation, the direct radiation, corrected for
clearness, is:

IBg = Ib max(cos g, 0) (20)
IBy = Ib max(cos 0y, 0) (21)
IBy, = Ib max(cos 6y, 0) (22)

e Diffuse radiation

To evaluate the rate at which diffuse radiation Id strikes a non vertical
surface on a clear day, the following approximation can be made, (isotropic

sky).

* Device uses to measure the diffuse solar radiation power on surface

ld=c Ip (Z22E) (23)

Energy reflected from ground and surroundings is approximated (diffuse
reflection)

Ir = Iy py (F2F) (24)

Ir = rate at which energy is reflected on to wall, Btu/(hr-ft2) or (W/m2)

I,y = rate at which the total radiation (direct plus diffuse) strikes the
horizontal surface or ground in front of the wall, Btu/(hr-ft2) or (W/m2)

pg = reflectance of ground or horizontal surface is given 0.2 for dry bare
ground or agricultural [8].

Diffuse solar radiation incident on a non vertical surface,

IF=1d+Ir (25)

17 = [C (2228) + py (22E) (sinas + o) 1 (26)

Where C diffuse radiation factor can be calculated in eq. (26) [7].
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C = 0.0965 [1 — 0.42 cos (%)] — 0.0075[1 — cos(1.95N)] (27)
For a horizontal surface,
IFy = [C (@)] Ib (28)
For a vertical surface,
If cosfy, > —2
jd—V = 0.55 0.437 cos @, + 0.313 (cos 8,)? (29)
dH
Otherwise
If cosf, < =2
lv — 0,45 (30)
Iy
Id, =C Ib jj—z (31)
_ lay 1-cosf .
IF, = C 2t pg (=52F) sinp + )] 16 (32)

e Global Solar Radiation

Total solar radiation incident on a non vertical surface,

IG, =IB+1d +Ir (33)

IG,p = [max(cos 6y,0) +C (1+C205 B) + pyg (1_CZOSB) (sinag + C)] Ib (34)
For a horizontal surface

1Gey = [max(cos 0y4,0)+C (#)] Ib (35)

For a vertical surface,
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1Gey = [max(cos 6y,0) +C ;Z—Z + pg (#) (sinag + C)] Ib (36)

3. RESULTS AND DISCUSSION

This paper presents the simulation results obtained from the above
mentioned formulae for calculation of the monthly average of the hourly
direct solar, diffuse and global radiation incident on tilted, horizontal, and
vertical surfaces in Tripoli city as hourly values. They have been calculated
the amount of the monthly average of the hourly direct solar, diffuse and
global radiation incident on tilted, horizontal, and vertical surfaces through
the entire year for four independent months, which represent each of them the
four seasons January, April, July and October of the year of Tripoli city, and
also they have been calculated the amount of the direct solar radiation on
tilted surfaces as function of sloped angle () during the daylight hours for
every month, by using Fortran90 for carrying out the analysis.

The results depended on some assumptions that were adopted on the basis
of clear days and dust, dirt, trees, and shading effects had been negligible.
Calculation of the monthly average of the hourly direct solar, diffuse and
global radiation incident on tilted, horizontal, and vertical surfaces was
according to the geographic coordinates to Tripoli city which is located at
Latitude angle (¢) 32.9° ,longitude angle (L) 13.8°, height above sea level (h)
81m.

There are several commonly occurring cases for which Equation (10) is
simplified. For fixed surfaces sloped toward the south or north, that is, with a
surface azimuth angle y of 0- or 180 (a very common situation for fixed flat-
plate collectors).In this present study the studied surfaces are tilted (8) 0°, 35°,
90° from the horizontal and pointed (y) 0° south. Also have selected day-time
hours started from the sixth in the morning to the seventh in the evening.

Figure (3) depicts the relation between the monthly average of the hourly
direct solar radiation (ID) incident on tilted, horizontal, and vertical surfaces
in Tripoli city against the local time for several different surfaces tilted,
horizontal and vertical sloped toward the south for January month which
represents wintertime.

It can be observed that higher values of direct solar radiation are on tilted
surface, especially at midday-time. Unlike values the direct solar radiation on
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horizontal and vertical surfaces. Because of the tilted surface receives the
amount of solar radiation due to the effect of solar altitude angle (as) and
solar azimuth angle (ys).
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Figure (3) calculation of the monthly average of the hourly direct solar
radiation incident on tilted, horizontal and vertical surfaces in Tripoli city

On the other hand, it can be noted that values of the hourly direct solar
radiation are lower in the first hours of day-time (zero during sunrise) due to
the location difference of the sun towards the earth’s surface. i.e., the
influence of the angle of the incidence (0), therefore it can be said that
magnitude of the incoming rays from the sun is greater at midday-time about
12 AM for all the surfaces. The rays which pass through the upper
atmosphere layers cross it at a shorter distance in the noontide, and contrarily
the distance is longer during sunrise and sunset hours. So the sun’s rays are
exposing the absorption and dispersion by the atmosphere components.
Where can be watched that the direct solar radiation incident on the vertical
surface is higher than the direct solar radiation incident on a horizontal
surface and these values agree exactly with the reference [3].

Variation of the hourly direct solar radiation incident, ID (the monthly
average) on tilted, horizontal, and vertical surfaces against the local time of
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Tripoli city for the month of April which represents springtime is shown in
Figure (4), where it can be noted that values of the direct solar radiation
incident on vertical surface significantly reduced about by 50% from January
to April and rose of the horizontal surface about by 50% from January to
April. While that values remaining nearly constant on tilted surfaces. The
reason is due to reducing Extraterrestrial solar radiation. Furthermore, change
the declination angle (8) from a positive value to a mining value which leads
to an increase in the incidence angle (0). Also, it can be noticed that values of
the direct solar radiation incident on two surfaces tilted and horizontal are
convergent.
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Figure (4) calculation of the monthly average of the hourly direct solar
radiation incident on tilted, horizontal and vertical surfaces on April in Tripoli
city

In figure (5) presents the variation of the hourly direct solar radiation over
Tripoli city on local time starting from the sixth in the morning to the seventh
in the evening with several various surfaces tilted, horizontal and vertical
pointed (y) 0o south for month July that represents summertime. Where the
hourly direct solar radiation almost linearly increases in the first hours of day-
time, especially, tilted and horizontal surfaces are more, until it reaches a
maximum at noon time then it decreases gradually.

The hourly direct solar radiation turns at a certain value of noontide, this
means that the effect of solar altitude angle (as), solar azimuth angle (ys), and
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variation of the declination angle (8) from 23.45° to -23.450 results in the
decreasing of the incidence angle (0).

It can be observed that relatively reduction in the solar radiation of the
vertical surface, this result in changing the Zenith angle (6z ) according to the
sequence of day in the year. Where a remarkable change is noticed with
regard to the Zenith angle (6z) values in the summer season are about from
650 in the morning to 150 in the noontide. l.e., in July, before 12 noon, the
sun moves from the northern half to the southern half of the sky which means
that the south vertical surfaces will receive less direct solar radiation,
especially in the first hours and the last of the daytime almost is nonexistent.
This is comparable almost until for tilted surfaces according to inclined
angles. The solar radiation on the inclined and vertical surfaces during this
period (the first hours and the last of the daytime) consists of diffuse solar
radiation and reflected solar radiation only. This shows the importance of
having a good model for these components.

July

1000 —&— D South 35" Deg

=ii—1DH

[0}

o

o
Il

0 '_' N { — T T T — X B ‘_
4 6 8 10 12 14 16 18 20
Local time (hrs)

Average of mnthly direct
solar radiation (w/m”~2)
N
8

Figure (5) calculation of the monthly average of the hourly direct solar radiation
incident on tilted, horizontal and vertical surfaces on July in Tripoli city

Figure (6) illustrates the amount of monthly average of the hourly direct
solar radiation incident on tilted, horizontal, and vertical surfaces in Tripoli
city for the month of October which represents autumn time. It is evident that
the hourly direct solar radiation value of the tilted surface almost is constant
relative to all year seasons except summer is less relatively. Moreover, it can
be said that the hourly direct solar radiation values of the tilted surfaces for
four seasons have recorded higher values and should be taken into account the
values during design relative to all solar systems. Also can be noticed that
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values of the hourly direct solar radiation incident on two surfaces horizontal
and vertical are very convergent relatively.

Figure (7) shows the monthly average of the hourly diffuse solar radiation
(IF) incident on tilted, horizontal, and vertical surfaces in Tripoli city against
the local time for several different surfaces tilted, horizontal and vertical
sloped toward the south for January month which represents wintertime.
Where, have selected day-time hours started from the seventh in the morning
to the fifth in the evening .It can be noticed a reduction in the hourly diffuse
solar radiation rate of the horizontal surface, in the same time convergence
values of the diffuse solar radiation incident on tilted and vertical surfaces.
Further, the values parities of the hourly diffuse solar radiation of the
horizontal surface along day-time period. However, an increase and decrease
of solar radiation betweenwhiles determine the extent of energy economy and
consumption.
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Figure (6) calculation of the monthly average of the hourly direct solar radiation
incident on tilted, horizontal and vertical surfaces on October in Tripoli city
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Figure (7) calculation of the monthly average of the hourly diffuse solar
radiation incident on tilted, horizontal and vertical surfaces on January in
Tripoli city

Calculation of the monthly average of the hourly diffuse solar radiation
incident on tilted, horizontal, and vertical surfaces in Tripoli city versus the
local time for several various surfaces tilted, horizontal, and vertical pointed
(y) 0° south for month April which represents springtime is shown in Figure
(8). It can be seen evidently that the hourly diffuse solar radiation incident on
tilted, vertical, and horizontal surfaces are increasing according to the series
of days in the year then decreasing after midyear, furthermore, the values
parities of the hourly diffuse solar radiation of the horizontal surface along
daylight hours. This indicates that the diffuse solar radiation has a certain
value, unlike the beam solar radiation can't have value during the daytime
because of the effect of directions and variation of the solar angles, that is, the
position of the sun relative to that plane can be described in terms of several
angles.
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Figure (8) calculation of the monthly average of the hourly diffuse solar
radiation incident on tilted, horizontal and vertical surfaces on April in Tripoli
city

Figure (9) presents the relation between of the monthly average of the
hourly diffuse solar radiation in Tripoli city against the local time for several
various surfaces tilted, horizontal, and vertical sloped toward the south (y) 0o
for July month that represents summertime.. Here it is observed that the
maximum value of the diffuse solar radiation at midday. l.e. the solar
radiation increases until it reaches a maximum at noon time then it decreases.
Where it can be said that the tilted surfaces play a significant role in receiving
the bundle of the rays with high values when compared with its Successors of
the horizontal and vertical surfaces in receiving the rays. It is also noted that
the amount or values of the diffuse solar radiation during sunrise and sunset
hours are bigger relative to sunrise and sunset hours of the direct solar
radiation, that is, for all seasons. Therefore should be taken into considering
account diffuse radiation, to get peak value which gives the global solar
radiation.

91 Copyright © GJT Al e Asal Al sine aolall 3 48s



Ol Al g aglall Mal) agaall [ 485 ol 2 Alaa
Gharyan Journal of Technology, High Institute of Science & Technology Gharian
Issue (9), July- 2023- sl 5 «gulil) aal)

July

=== |- South 35" Deg
=l |FH
IFV South

N

o

o
"

=

D

o
"

Average of monthly diffuse
solar radiation (w/m”2)
g B

N
o
L

O '_"w T T T T T T T :‘_

4 6 8 10 12 14 16 18
Local time (hrs)

Figure (9) calculation of the monthly average of the hourly diffuse solar
radiation incident on tilted, horizontal and vertical surfaces on July in Tripoli
city
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Figure (10) calculation of the monthly average of the hourly diffuse solar
radiation incident on tilted, horizontal and vertical surfaces on October in
Tripoli city
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Figure (10) shows the monthly average of the hourly diffuse solar
radiation (IF) incident on tilted, horizontal, and vertical surfaces in Tripoli
city against the local time for several different surfaces tilted, horizontal and
vertical sloped toward the south (y) 0o for month October which represents
autumn time. Where one can see decreasing radiation intensity, these results
confirm the strengths and weaknesses of our yearly calculation very clearly.

January
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Figure (11) calculation of the monthly average of the hourly global solar
radiation incident on tilted, horizontal and vertical surfaces on January in
Tripoli city

Global solar radiation incident on tilted, horizontal and vertical surfaces
consists of ground reflected, diffuse, and direct radiation .certainly; here we
know that global solar radiation received by an inclined, horizontal and
vertical surfaces is summation for these rays. Figures (11), (12), (13) and
(14), respectively ,present the monthly average of the hourly global solar
radiation incident on tilted, horizontal and vertical surfaces in Tripoli city for
month January, April, July and October that represent the four reasons, viz,
the whole year. Global solar radiation was calculated, maximum values for
month January for a cloudless sky were over 1058 W/m?, 639 W/m? and 917
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W/m? for tilted, horizontal and vertical surfaces, respectively, month April
were over 1175W/m?, 1000 W/m? and 568W/m? for tilted, horizontal and
vertical surfaces, respectively, month July were over 1033W/m? 982W/m?
and 352 W/m? for tilted, horizontal and vertical surfaces, respectively, and
month October were over 1195 W/m?, 847 W/m? and 847 W/m? for tilted,
horizontal and vertical surfaces, respectively. These values completely agree
with the results shown in reference [3] for two surfaces horizontal and vertical
sloped towards south (y) 0°.
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Figure (12) calculation of the monthly average of the hourly global solar
radiation incident on tilted, horizontal and vertical surfaces on April in Tripoli
city
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Figure (13) calculation of the monthly average of the hourly global solar
radiation incident on tilted, horizontal and vertical surfaces on July in Tripoli

city
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Figure (14) calculation of the monthly average of the hourly
global solar radiation incident on tilted, horizontal and vertical
surfaces on October in Tripoli city
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The value of ground reflected radiation increases with the increase of the
inclination angle (B). For this reason, the lowest value of ground reflected
radiation is 0° angle and the highest 90° angle for the whole year. The value
of diffuse radiation always decreases with the increase of inclination angle ()
owing to the value of scattered and reflected radiation on tilted surface
decreases. That is why; the highest value of diffuse radiation is 0° angle and
the lowest 90° inclination angle, for all months of the year. In this present
study, the value of beam radiation relies upon various inclination angles and
the highest value of beam radiation is found on the optimal tilt surface. Figure
21 shows the variation of beam radiation for various inclination angles (p).

One can notice that optimal tilt angle refers to such an angle for which the
value of solar radiation on that surface becomes the highest. In January,
almost the optimal tilt angle is 55°. In April, the optimal tilt angle is 10°.In
July, the optimal tilt angle is 0°. In October, the optimal tilt angle is 45°.

The optimal tilt angle mainly depends on Sun’s declination and latitude. In
this study, when the sun’s declination increases from December solstice to
June solstice, then the value of optimal tilt angle decreases. This is evident in
Figure 15 for the month of January, the optimal tilt angle is 55°, in April; the
optimal tilt angle is 10° then for month July, is 0°. After the June solstice the
declination decreases and the value of the optimal tilt angle increases. Where
is increasing from 0° in July to 45° for month October.
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Figure (15) Variation of beam solar radiation for various inclination angles
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4. CONCLUSIONS

In this present study, the simulation results have been obtained by a
developed computational model using Fortran90, which gives the prediction
of hourly terrestrial solar radiation incident on tilted, horizontal, and vertical
surfaces: direct beam, diffuse and global. Where, the same parameters were
modeled for inclined, horizontal, and vertical surfaces. Thus, an important
tool for building and solar thermal systems design, simulations, and
performance assessments has been developed. The predicted hourly solar
radiation incident was compared for tilted, horizontal, and vertical surfaces
with each other locally in Tripoli city.

The effect of tilt angle and orientation on the incident solar radiation
fluxes are presented along with optimum surface tilt angles and directions for
maximum solar radiation collection in the area. This information is useful
when a simple solar collector is to be installed without a tracking system. In
general, surfaces tilted toward the East and the West have similar trends and
the trend is almost the same for other tilt angles. Here, for the surface tilted
towards the South, in the period April and October, the effect of tilt angle on
the received global solar radiation is positive. However, the tilt angle has a
more significant effect in April and October and relatively less in January and
July. The results of this study were summarized more below:

1- In general, the research work reported in this paper will help in increasing
the level of knowledge relating to solar radiation on horizontal and tilted
vertical surfaces and estimate the solar energy potential for practical and
efficient utilization in Tripoli city.

2- The effect of the solar radiation incident on tilted is the largest with regard
to the  solar radiation incident on horizontal and vertical surfaces,
therefore advised to utilize tilted surfaces.

3- The total solar radiation increases for two surfaces horizontal and inclined
whenever moved us with time from winter, spring, summer then autumn
season. Unlike that the total solar radiation decreases for vertical surface
as result of decreasing or increasing of solar angles.

4- The highest value of total solar radiation is recorded for inclined surface
in October.

5- Diffuse solar radiation plays vital role in increasing energy during day-
times especially in the morning the first hours and in the evening the last
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hours of daytime, also is available relative to another directions North,
South, West and East. Unlike the direct solar radiation.

6- For horizontal surfaces, compared with April, the direct solar radiation
during month January, July and October are lower. The maximum direct
radiation is reached at a tilt angle of 0o is 911 W/m2 for month April.

7- The results presented in this paper are quite useful for quick estimation of
solar radiation for calculations of cooling load and solar collectors’
performance.
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