University of Thi-Qar

Science (UT5ci)

The 4t Scientific Conference of Science College/ University of Thi-Qar
Volume (7), No.2

Effects of Aerosols and Climate Properties on Solar Radiation
amount Falling on Horizontal Surface at Kerbala City

Rasool Ramadhan Attab
Kerbala University/ College of
Education for Pure Sciences
Rasuolramadan@gmail.com

Abstract: In this paper a mathematical description for
solar radiance falling on the horizontal surface on Iraq
(kerbala city) was investigated and compared with real
measurements, the city having the position of (E,32° 37’
0" N, 44° 1’ 59.99" ) 32.61, 44.03, the solar radiation as a
clean energy source suffering many process that reduce
its efficiency to providing many applications with a free
source of energy this process mainly due to the
absorption, scattering and diffraction of electromagnetic
light wave, the results show that there is a major
absorption by aerosols, clouds and atmospheric gases
produced significantly by CO,, CH,4N,0O,CO and O, due
to their size about 10 to 10 um and its concentration in
atmosphere, a main relation between the solar
harvesting energy and geometrical, data for the position
and day time for the sun on site of study, a climate data
for the year 2018 used, finally a good identical among
theoretical, real, and results obtained from other solar
irradiance models.
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I. Introduction

The solar radiation incoming to earth passing throw our
destined surface of climate produce a three main process
due to interaction with the atmospheric particles and gas
molecules in different directions without no change in the
electromagnetic wave length, the first is the absorption of
electromagnetic wave energy by aerosols and small particles
reducing the amount of solar energy harvested by solar cells
or other solar energy applications, the second one mainly
occurred when the radiation passing throw small suspended
particles and clouds that found in the direction of the
transmitted solar radiation called scattering, the last one is
the diffraction and involving reflection which means the
alteration in radiation direction, scattering, diffraction and
reflection processes have no change in the radiation ray's
intensity[ H. Khorasanizadeh]. In addition the solar
radiation amount also depends on astronomical,
geographical, geometrical, and meteorological data. The
astronomical data are associated to the solar constant, solar
declination, hour angle and hours of the day. The

geographic factors based on the longitude and altitude of the
position of area in study[ K. Mohammadi]. The geometrical
data are a surface height and the solar azimuth angle.
Meteorological data are associated to the temperature,
precipitation, humidity, and other data.

I1. Solar Radiation and Solar Position

The actual amount of solar radiation falling on the
horizontal surface over the atmospheric layers having no
effect on absorption and attenuation for the solar insolation
instead it depends directly on two parameters the first on is
the so called the zenith angle and the second on is the ratio
(dm/d) of the actual distance o the mean distance of the
earth to the sun, therefore solar irradiance over atmosphere
expressed by[ Q. Ful:

5.=5, (dTm) (ol -SSR

Where 5 is the solar constant, the timing of the day effect
directly on zenith angle which given by [ I. Reda]:
cosz =sinAsind cosdcosdcosh ......(2)

Where 4 is the latitude of the sun , & is the declination,

and h is the hour angle which can be evaluated by [ L.
Wald]:

h= G—D (Toe =12) e e (3)

Where T, is define as the true solar time, and the figure (1)
shows the sun position calculation[ I. L. Alboteanu].
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Fig (1) sun position calculation [ I. L. Alboteanu].

To find the total amount of solar radiation falling with a
time period from sunrise to sunset, and the zenith angle
calculation the Angistrom relation satisfy solar radiation
calculation to a given day of the year as[ R.R.Attab]:

C sl 4
—=a —
Where Q-total hour solar irradiance, @ = 0.29cos¢@, ¢-
the latitude, b=0.25, and n, N are the real and theoretical
sun radiance time, the real time can be expressed as:
(4nj - 80) (2nj-1) 12(s, -1)

N=T, +017sin———-012%5In——-Ft——— e[
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Where j- day of the year, 5,,, - longitudinal

The total solar radiation falling at a given position of
site varies in magnitude between day - night because of
the rotation of earth and the earth orbit gives a different
seasons , the latitude and longitude of position have a great
effect on solar radiation in addition with present
astronomical conditions as eq(4,5).

This is the reason for both sun and earth geometry and time
play a great role in the amount of solar radiation received at
earth surface for a specific location.

I11. Absorption and Attenuation Processes Due to
Aerosols and Air Components

The incoming solar radiation falling at Earth’s
atmosphere can be absorbed and scattered by the
atmospheric gases, aerosols, clouds, and the water vapor
reducing the solar radiation along the path, these processes
are complex and required to analyzing physical, geometrical
and metrological characteristics of the area of study almost
due to the variable concentration of particles in the path of
the radiation in addition the solar radiation passing will
changes the environments properties like temperature.

The major absorption of solar radiation by air gases can be
produced significantly by CO,, CH4,N,0,CO and O, due to
their size about 10-4 to 10um and concentration in
atmosphere[ N. Halthore], In the case of scattering the
Rayleigh theory can be used, which calculate the dispersion
of radiation according to the size of air molecules and solar
radiation wavelength as in figure (2)[ M. Santamourois], the

major constituents of the atmosphere are nitrogen and
oxygen, which having two atoms with no dipole moments
and therefore there will be no interaction or absorption in
infrared bands, while the IR other active air gases and their
effect are shown in figure (3)[ I. L. Alboteanul].

The water vapor in the atmosphere have an asymmetric top
molecule, has a strong dipole moment and because its
molecule consists of two light hydrogen atoms resulting in a
strong wide absorption for solar radiation.

The two other air cases, by importance, absorption are
carbon dioxide and water vapor, which absorbed whole
bands of wavelengths of solar radiation and the below
figures shows that.
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Figure(2): The Rayleigh scattering[M. Santamourois]. ‘
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I Figure (3): Absorption gases with wave length [I. Reda]. l

The two major affects (absorption, scattering) on direct solar
irradiance, diffuse irradiance and total solar irradiance in
term of the frequency of solar radiation falling on a
horizontal surface can determined by the set of equations[
A. J. Gutiérrez]:
I, =1, cos(z) * 0.9662TxTy Ty Ty Ta R ()

0.97T, Tyya To Tua[0.5(1 — T) + B (1 — Ty5)]

[1— M+ M02] v (7))

1. =1, cos(z)*
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Where | — solar irradiance on the horizontal surface from
scattered light including reflection light from ground and

sky, Tgr: Tg: Tyypgs Tyer T4 are the transmission coefficients
for Rayleigh scattering, ozone absorption, mixed gases
absorption, water vapor absorption and aerosols absorption
and scattering respectively.

For equation (7) the parameters T4 are transmittance of
aerosols by absorption, B, the ratio of forward scattering to
the total scattering by aerosols, T as transmission of aerosols
scattering and finally the air mass factor M,.

The total amount of solar irradiance affected by the term
albedo (the fraction of the incident solar radiation that is
reflected from ground of earth ry or atmosphere rg)[ S.
Brody], a correction factor is adding to equation (6) to
adjusting the wave length range of the incident solar
spectrum, the transmission equations will be[ R.E.Bird]:
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Equation (9) evaluate the Rayleigh scattering transmission
in term of pressure corrected air mass M. , while in
equation (10) X, represent the total amount of ozone in the

path of solar radiation , X,. represent the total amount of
perceptible water in slanted path the solar electromagnetic
wave traveled, the final equation obtained by calculating
broadband aerosols optical depth from surface in a vertical
path T that the solar radiation traveled.

From the above equations its clearly that the aerosols and air
molecules having a different interaction with the
atmospheric transmission process due to these components
have a different size and diameter and knowing that the
scattering, absorbing processes depend primarily on the ratio
between the wavelength of light and the size of the particles
and molecules obstructing the path of the radiation of
photons. Aerosols are about (10° up to 10* ) in diameter
and the air molecules are about (10°) meters in diameter.
There for attenuation process on solar spectrum caused by
the aerosols is the most important scattering contribution in
the Infrared wavelength band because of their size[ B.
Hassler].

Air gases and other molecules forming the atmosphere,
absorption phenomena is most wavelength-selective effect
in the solar spectrum which caused by absorption of for
example the blackbody radiation with the 10 pm region of
molecules. The energy that the atmosphere absorbs is
transformed into heat and the global temperature increases
cases an increase of atoms vibrations subsequently
increasing the solar attenuation[ N. Hatzianastassioul].

IV. Results and Discussions

Form previous equations the almost variables that
associated with total solar radiation falling on the horizontal
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site of study we can start with the sun position and sun
declination according to date and time as in figures (4,5).
Figure (6) shows the extraterrestrial irradiance without
atmosphere attenuation, from these three figures one can
conclude that the total solar irradiance extraterrestrial is
associated with sun position and the distance from the earth
to the sun with different seasons,
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Figure (4): therelation between sun — earth distance and day of the vear[L. Wald].
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| Figure (5): the relation between sun declination and day of the vear[L. Wald].
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Figure (6): The relation between sun irradiance extraterrestrial and month of the vear.
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The decrease of solar irradiance outside the earth
atmosphere due to the far distance at this season comparing
with other seasons in which the distance of earth — sun
measured, the second reason is the ray angle falling for the
specified position on earth.

Now when applying the climate data taking from kerbala
metrological station and some data taking from world



meteorological organization, kerbala station having the
position of (32.57476 latitude, 44.03183 longitude) the total
solar irradiance in the units of watt/m? with the change of
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Figure (7). Total solar iradiance and hour of the day for different
calculation at January.
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It is clear from the above table that the amount of solar
radiation reaching the horizontal surface changes from a
small value during the first day hours to a maximum value
during midday when the sun is at the highest point during
the day (12-14) of daylight hours. While the solar radiation
in this case is absorbed and absorbed by air components,
gases and soil, the effect of climatic conditions towards
reducing the value of solar energy as these factors increase
the exposure of the solar beam transcription processes
scattering and absorption.

The average values for solar irradiation compared with the
values obtained from practical measurements and bird solar
irradiance model shows a brave identical in some regions of
the points the other points having small different values its
maybe due to weather change or change in air mass or other
gasses concentration and the figures (7-10) shows that for
different seasons:
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Figure (8): Total solar irradiance and hour of the day for different
calculation at April.
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Fig (9): Total solar irradiance and hour of the day for different
calculation at June.
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Figure (10): Total solar irradiance and hour of the dav for different
calculation at September.

V. Conclusion

From figures and tables mentioned before one can
conclude that there is a lot of rezones reduced the total solar
energy that reaches the horizontal surface on earth due to
number of variable parameters like air mass, humidity,
clouds, position of site, temperature and concentrations of
aerosols and other gases, the sun position plays a main role
in solar energy harvesting.

The major wave length reaching the earth surface is
between (4-7) micrometer, the cloud, air gases, aerosols and
humidity effect in this region is almost effective and the
zenith angle too, it is clear to some extent, the results
obtained identical for the practical calculations and global
models and can be used in the application of solar cell by



directing the solar cell appropriately towards the sunlight
and taking into consideration the effect of the factors studied
during the research.
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