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ABSTRACT
The solar radiation energy of the city of Mosul was calculated according to the value of AM =
1.24 on 21 March and September, theoretically using formula 7 and measuring it practically using the
radiometer of the intensity of the optical radiation emitted from the solar simulator that was designed in
the laboratory. There are values of 982 W / m2 and 996 W / m2 , respectively, comparing these values
in Table 1 with published values for other sites. Table (1) AM values and solar radiation intensity
theoretically using formula (7) and practically for different angular values.
For the purpose of solar simulators manufacturing, the air mass (AM) were calculated for the city
of Mosul at Altitude line (36.35o) and Longitude line (43.100) and at a height of 220 meters above sea
, the Solar
level, this required the computation of the Solar inclination angle (δ), the hour angle (
elevation angle (h) and the zenith angle (Z), in addition to that, the calculations were studied in
specified day, chosen at the 21st of each month From sunrise to sunset, which is the daylight hours. The
study showed that, the values of AM become equals to one at twelve o'clock and 1.24 on the 21st of
March and September when the sun at the zenith angle 36.35o. Also it has been found that the variation
of the angle of solar elevation and daylight hours rise to its maximum values at noon and then
decreases gradually with daylight hours even the sunset hours. Also the zenith angle and daylight
hour's decreases gradually to its minimum value at solar noon time and then rise again at the sunset
hours. also it has been found that the relationship between the air mass values vary daily by changing
the values of daylight hours.
The results show Vary daily by changing the values of daylight hours the AM values decreases
with the solar elevation angle while its values increase with zenith angle. The values of AM have been
computed for both daylight hour and hour angle its value decreases to minimum value at noon and raise
the value of AM again at the end of daylight hour. The curves profile of AM variation with solar angle
and zenith angle are of similar behavior with the published for other locations. The standard value of
AM for Mosul City that adopted in this research work at altitude line 36.35o is equal to 1.24 on the
21st of March and September and 1.03 on the 21st of June and 1.8 on the 21st of December.
Keywords: Solar Simulator, Solar Simulator manufacturing, Air Mass, Air Mass calculations.
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

ﺤﺴﺎﺏ ﻭﺘﺤﻠﻴل ﺍﻟﻜﺘﻠﺔ ﺍﻟﻬﻭﺍﺌﻴﺔ ﻭﺍﻟﺯﻭﺍﻴﺎ ﺍﻟﺸﻤﺴﻴﺔ ﻟﻤﺩﻴﻨﻪ ﺍﻟﻤﻭﺼل
ﺍﻟﻤﻠﺨﺹ
ﺎ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﺼﻴﻐﺔ ﻨﻅﺭﻴ، ﻤﺎﺭﺱ ﻭﺴﺒﺘﻤﺒﺭ21  ﻓﻲAM = 1.24 ﺘﻡ ﺤﺴﺎﺏ ﻁﺎﻗﺔ ﺍﻹﺸﻌﺎﻉ ﺍﻟﺸﻤﺴﻲ ﻟﻤﺩﻴﻨﺔ ﺍﻟﻤﻭﺼل ﻭﻓﻘﹰﺎ ﻟﻘﻴﻤﺔ

ﺎ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻤﻘﻴﺎﺱ ﺍﻟﻁﺎﻗﺔ ﺍﻹﺸﻌﺎﻋﻴﺔ ﻟﺸﺩﺓ ﺍﻹﺸﻌﺎﻉ ﺍﻟﻀﻭﺌﻲ ﺍﻟﺨﺎﺭﺝ ﻤﻥ ﺍﻟﻤﺤﺎﻜﻲ ﺍﻟﺸﻤﺴﻲ ﺍﻟﺘﻲ ﺘﻡ ﺘﺼﻤﻴﻤﻪ ﻓﻲ( ﻭﻗﻴﺎﺴﻬﺎ ﻋﻤﻠﻴ7)
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ﺍﻟﻤﺨﺘﺒﺭ .ﻫﻨﺎﻙ ﻗﻴﻡ ﺘﺴﺎﻭﻱ ) ( 982 W/m2ﻭ ) (996 W/m2ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ  ،ﻤﻘﺎﺭﻨﺔ ﻫﺫﻩ ﺍﻟﻘﻴﻡ ﻓﻲ ﺍﻟﺠﺩﻭل  1ﻤﻊ ﺍﻟﻘﻴﻡ ﺍﻟﻤﻨﺸﻭﺭﺓ
ﻟﻠﻤﻭﺍﻗﻊ ﺍﻷﺨﺭﻯ .ﺍﻟﺠﺩﻭل  :1ﻗﻴﻡ  AMﻭﻜﺜﺎﻓﺔ ﺍﻹﺸﻌﺎﻉ ﺍﻟﺸﻤﺴﻲ ﻨﻅﺭﻴﺎ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﺼﻴﻐﺔ ) (7ﻭﻋﻤﻠﻴﺎ ﻟﻠﻘﻴﻡ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻟﺯﺍﻭﻴﺔ.

ﻟﻐﺭﺽ ﺘﺼﻨﻴﻊ ﻤﺤﺎﻜﻲ ﺸﻤﺴﻲ ،ﺘﻡ ﺤﺴﺎﺏ ﺍﻟﻜﺘﻠﺔ ﺍﻟﻬﻭﺍﺌﻴﺔ ) (AMﻟﻤﺩﻴﻨﺔ ﺍﻟﻤﻭﺼل ﺍﻟﻭﺍﻗﻌﺔ ﻋﻠﻰ ﺨﻁ ﻋﺭﺽ ) (36.35oﻭﺨﻁ

ﻁﻭل) ( 043.10ﻭﻋﻠﻰ ﺍﺭﺘﻔﺎﻉ ) (220ﻤﺘﺭﺍ ﻓﻭﻕ ﻤﺴﺘﻭﻯ ﺴﻁﺢ ﺍﻟﺒﺤﺭ ،ﻭﻫﺫﺍ ﻴﺘﻁﻠﺏ ﺤﺴﺎﺏ ﺯﺍﻭﻴﺔ ﻤﻴل ﺍﻟﺸﻤﺴﻲ ) ،(δﺍﻟﺯﺍﻭﻴﺔ ﺍﻟﺴﺎﻋﻴﺔ

) ،(Wsﺯﺍﻭﻴﺔ ﺍﻻﺭﺘﻔﺎﻉ ﺍﻟﺸﻤﺴﻲ ) (hﻭﺯﺍﻭﻴﺔ ﺴﻤﺕ ﺍﻟﺭﺍﺱ ) .(Zﺍﻟﻌﻤﻠﻴﺔ ﺍﻟﺤﺴﺎﺒﻴﺔ ﺃﺠﺭﻴﺕ ﻟﻴﻭﻡ ﻤﺤﺩﺩ ،ﻭﻫﻭﻴﻭﻡ 21ﻤﻥ ﻜل ﺸﻬﺭ ﻤﻥ
ﺴﺎﻋﺎﺕ ﺸﺭﻭﻕ ﺍﻟﺸﻤﺱ ﺇﻟﻰ ﺍﻟﻐﺭﻭﺏ .ﺃﻅﻬﺭﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﻗﻴﻡ ﻜﺘﻠﺔ ﺍﻟﻬﻭﺍﺀ ﺘﺴﺎﻭﻱ ﻭﺤﺩﺓ ﻭﺍﺤﺩﺓ ﻋﻨﺩ ﺍﻟﺴﺎﻋﺔ ﺍﻟﺜﺎﻨﻴﺔ ﻋﺸﺭ ﻭﺘﺴﺎﻭﻱ
) (1.24ﻓﻲ ﻴﻭﻡ  21ﻤﻥ ﺸﻬﺭﻱ ﺁﺫﺍﺭ ﻭﺃﻴﻠﻭل ﻋﻨﺩﻤﺎ ﺘﻜﻭﻥ ﺍﻟﺸﻤﺱ ﻋﻨﺩ ﺯﺍﻭﻴﺔ ﺴﻤﺕ ﻤﻘﺩﺍﺭﻩ ) .(36.35oﻜﻤﺎ ﻭﺠﺩ ﺃﻥ ﺍﻟﺘﺒﺎﻴﻥ ﻓﻲ ﺯﺍﻭﻴﺔ
ﺍﻻﺭﺘﻔﺎﻉ ﺍﻟﺸﻤﺴﻲ ﻭﺴﺎﻋﺎﺕ ﺍﻟﻨﻬﺎﺭ ﻴﺯﺩﺍﺩ ﺘﺩﺭﻴﺠﻴﺎ ﺇﻟﻰ ﺃﻥ ﻴﺼل ﺃﻗﺼﻰ ﻗﻴﻤﺔ ﻟﻪ ﻋﻨﺩ ﺍﻟﻅﻬﻴﺭﺓ ﺜﻡ ﻴﻨﺨﻔﺽ ﺘﺩﺭﻴﺠﻴﺎ ﻤﻊ ﺴﺎﻋﺎﺕ ﺍﻟﻨﻬﺎﺭ

ﺤﺘﻰ ﺴﺎﻋﺎﺕ ﺍﻟﻐﺭﻭﺏ .ﻭﻭﺠﺩ ﺃﻴﻀﺎ ﺃﻥ ﺍﻟﻌﻼﻗﺔ ﺒﻴﻥ ﻗﻴﻡ ﺍﻟﻜﺘﻠﺔ ﺍﻟﻬﻭﺍﺌﻴﺔ ﻭﺴﺎﻋﺎﺕ ﺍﻟﻨﻬﺎﺭ ﻭﺍﻟﺯﺍﻭﻴﺔ ﺍﻟﺴﺎﻋﻴﺔ ﺘﺨﺘﻠﻑ ﻴﻭﻤﻴﺎ ﺒﺘﻐﻴﺭ ﻗﻴﻡ
ﺴﺎﻋﺎﺕ ﺍﻟﻨﻬﺎﺭ.

ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﻗﻴﻡ ﺍﻟﻜﺘﻠﺔ ﺍﻟﻬﻭﺍﺌﻴﺔ ﺘﻨﺨﻔﺽ ﻤﻊ ﺯﺍﻭﻴﺔ ﺍﻻﺭﺘﻔﺎﻉ ﺍﻟﺸﻤﺴﻲ ﺒﻴﻨﻤﺎ ﺘﺯﺩﺍﺩ ﻗﻴﻤﺘﻬﺎ ﻤﻊ ﺯﺍﻭﻴﺔ ﺍﻟﺴﻤﺕ ﺍﻟﺸﻤﺴﻲ ﻵﻥ

ﻗﻴﻤﺘﻬﺎ ﻋﻨﺩ ﺴﻤﺕ ﺍﻟﺭﺍﺱ ﺘﺴﺎﻭﻱ ﻭﺍﺤﺩ ﻟﺫﺍ ﻜﻠﻤﺎ ﺍﺒﺘﻌﺩﻨﺎ ﻋﻥ ﺴﻤﺕ ﺍﻟﺭﺍﺱ ﺘﺯﺩﺍﺩ ﻗﻴﻤﺔ ﺍﻟﻜﺘﻠﺔ ﺍﻟﻬﻭﺍﺌﻴﺔ .ﻭﺃﻴﻀﺎ ﻭﺠﺩ ﺍﻥ ﻗﻴﻤﺔ ﺍﻟﻜﺘﻠﺔ

ﺍﻟﻬﻭﺍﺌﻴﺔ ﻟﻜل ﻤﻥ ﺴﺎﻋﺎﺕ ﺍﻟﻨﻬﺎﺭ ﻭﺍﻟﺯﺍﻭﻴﺔ ﺍﻟﺴﺎﻋﻴﺔ ﻴﻘل ﺘﺩﺭﻴﺠﻴﺎ ﺍﻟﻰ ﺍﻗل ﻗﻴﻤﺔ ﻟﻬﺎ ﻋﻨﺩ ﺍﻟﻅﻬﻴﺭﺓ ﻭﺘﺯﺩﺍﺩ ﺘﻠﻙ ﺍﻟﻘﻴﻡ ﻤﺠﺩﺩﺍ ﺤﺘﻰ ﻨﻬﺎﻴﺔ

ﺴﺎﻋﺎﺕ ﺍﻟﻨﻬﺎﺭ .ﺇﻥ ﺴﻠﻭﻙ ﺍﻟﻤﻨﺤﻨﻴﺎﺕ ﺘﻐﻴﺭ ﺒﺘﻐﻴﺭ ﻗﻴﻡ  AMﻤﻊ ﺯﺍﻭﻴﺔ ﺍﻻﺭﺘﻔﺎﻉ ﺍﻟﺸﻤﺴﻲ ﻭﺯﺍﻭﻴﺔ ﺴﻤﺕ ﺍﻟﺭﺍﺱ ﻴﺘﻭﺍﻓﻕ ﻤﻊ ﻤﺎ ﺘﻡ ﻨﺸﺭﻩ

ﻟﻤﻭﺍﻗﻊ ﺃﺨﺭﻯ .ﺇﻥ ﺍﻟﻘﻴﻤﺔ ﺍﻟﻤﻌﻴﺎﺭﻴﺔ ﺍﻟﺘﻲ ﺍﻋﺘﻤﺩﺕ ﻓﻲ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻟﻜﺘﻠﺔ ﺍﻟﻬﻭﺍﺀ ﻟﻤﺩﻴﻨﺔ ﺍﻟﻤﻭﺼل ﻋﻨﺩ ﺨﻁ ﻋﺭﺽ ) (36.35oﺍﺨﺘﻴﺭﺕ
ﻤﺴﺎﻭﻴﺔ ﻟـ  1.24ﻓﻲ ﻴﻭﻡ  21ﻤﻥ ﺸﻬﺭﻱ ﺁﺫﺍﺭ ﻭﺃﻴﻠﻭل ﻭ) (1.03ﻓﻲ ﻴﻭﻡ  21ﻤﻥ ﺸﻬﺭ ﺤﺯﻴﺭﺍﻥ ﻭ) (1.8ﻓﻲ ﻴﻭﻡ  21ﻤﻥ ﺸﻬﺭ ﻜﺎﻨﻭﻥ

ﺍﻷﻭل.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ :ﺍﻟﻤﺤﺎﻜﻲ ﺍﻟﺸﻤﺴﻲ ،ﺘﺼﻨﻴﻊ ﺍﻟﻤﺤﺎﻜﻲ ﺍﻟﺸﻤﺴﻲ ،ﺍﻟﻜﺘﻠﺔ ﺍﻟﻬﻭﺍﺌﻴﺔ ،ﺤﺴﺎﺒﺎﺕ ﺍﻟﻜﺘﻠﺔ ﺍﻟﻬﻭﺍﺌﻴﺔ.
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
INTRODUCTION
Air Mass (AM) value is an important parameter for manufacturing the solar simulator as
calibration factor refers to the path length of the solar beam through the atmosphere and depends on the
solar zenith angle. AM is important because with longer path length there is more opportunity for
scattering and absorption of solar radiation by atmospheric constituents. Sun angles vary with latitude,
time of the day and day of the year, therefore latitude time and day of the year are varied in the
calculations shown later to account for AM effects (Hulstrom et al., 1985).
Air Mass is 1.0 when the sun is directly overhead, 1.5 when the sun is 48.2o from vertical and 2.0
when the sun is at 60.0o (Faine et al., 1990). The two ASTM AM 1.5 standard spectra were modeled
for a direct-normal case and for global case where the collector surface is south- facing and tilted 37.0o
from the horizontal, the direct-beam incidence angle is 11.2o for the case, therefore represent the case
when the solar zenith angle is 48.2o because the collector surface for the global case is south facing at a
37.0o tilt, the incidence angle is 48.2o minus 37.0o or 11.2o (Faine et al., 1990).
The aim of this work is to determine the value of the AM coefficient for Mosul city and consider
it as standard for future theoretical and practical investigations concerning the photovoltaic
applications.
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THEORITICAL CONSIDRATION
Solar angle is defined as the direction of the sun at any point of the Earth's surface. It’s necessary
to determine the location of the sun for the Earth. The latitude (φ) is the angle which measured at the
center of the Earth between the Equator plane and our position. It’s expressed either north or south, and
varies from 0° to 90°. Solar angles including the hour angle ( ), solar inclination angle (δ), solar
elevation angle (h), Zenith angle (z) and horizontal angel of the sun (A) as shown in the Fig. (1).These
angles depend on the latitude, day number, The day time (Muhammad, 1983), (Edwords and
Hildebrand, 2005).

Z

h

Fig. 1: Dfinition of sun's zenith, elevation, and azimuth angles..
The hour angle ( ) is the angular measurement of time and it is equal to 15.0o per hour, which
is measured for the location of the sun. Time value for any daylight hour, can be measured from the
following relationship.
=
……………………………………………….. (1)
Where: t, the hourly rate of time which is measured from the time of the back.
So the hourly angle is positive before noon and negative after noon but equal to zero at noon
(Sukhatame, 2004).
The angle between the line joining the centers of both the sun with the earth and its projection
onto the equatorial plane is called the Solar inclination angle (δ) (Spencer, 1971). Which can be
calculated from the following relationship (Cooper, 1969):
………………………………………. (2)
: is the day number of the year.
The variation of inclination angle (δ) with the day number of the year (d n) are
illustrated in Fig. (2) (Rongere, 2008).
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dn

Fig. 2: The variation of the inclination angle (δ) as a function of the sequence
of the day number of the year (dn).
Solar Altitude Angle (h) is the angle between horizontal plane and line joins the site with the sun
centers (sun elevation). The angular height measured from the observer's horizon to the position of the
sun in the sky. The important of those angles are to determining the amount of radiation reaching the
surface of the earth. solar elevation angle (h) can be calculated from the equation (Hulstrom et al.,
1985):
……………………………..(3)
The zenith angle (Z) is the angle between the local observer normal and the line joining the
observer to the sun. It is an angle between 0o and 90o and it is calculated from the equation (Hulstrom
et al., 1985):
…………………………………………………………… (4)
The air mass (AM) coefficient is a measure of the length of the optical path in which sunlight
have to traverse in order to reach the surface of the Earth which expressed relative to the path length of
vertical inclination normal to the surface, which is represented by Zenith angle. The AM number
describes the accurately for angles of incidence up to around 75o (Green, 1982). AM is calculated by
the following equation (Rhode, 2007):
………………………………………………………….. (5)
If refraction is ignored, the path AM of a light ray at zenith angle (Z) through a radially symmetrical
atmosphere of height Yatm is given by (Schoenberg, 1929):
………………………………… (6)
Where r is the ratio between the radius of the earth to the radius of the atmosphere.
The solar irradiation power can be calculated theoretically depending on the value of AM at any
position by using the following formula (Meinel and Meinel, 1976):
…………………………………. (7)
Where Io the solar intensity external to the Earth's atmosphere equals 1.353kW/m2 and the factor
of 1.1 is derived assuming that the diffuse component is 10% of the direct component.
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RESULTS AND DISCUSION
The latitude angle (φ) specifies the location and takes respectively positive and negative values in
the northern and southern hemispheres. The earth rotates around the sun in an elliptical orbit tilted at
23.441° with respect to the celestial equator (Wilson and Van Sweey, 1942), and the instantaneous
position of the sun is described by an angle called hour angle ( ) representing the distance between
the meridian passing through the sun and the meridian of the place. This angle is zero at noon; it
increases toward the east in the afternoon and decreases toward the west in the morning. It gets
incremented of 15° for each hour following the longitudinal direction and it is attributes both the
positive values before noon and the negative values after noon (Mousazadeh et al., 2009). The solar
inclination angle (δ) equal to zero at the vernal and autumnal equinoxes and has a value of
approximately +23.5o at the summer solstice and about -23.5o at the winter solstice. The air mass (AM)
were calculated for the city of Mosul at Altitude line (36.35o), the calculations were studied at specified
days which were chosen at the 21st of each months, From sunrise to sunset this is required for the
computation of the daylight hours with the hour angles, solar inclination angle, solar elevation angle
and the zenith angle. The study showed that the solar elevation angle (h) increases gradually with the
daylight hours (t) to its maximum value to the 12.0 at noon and then decreases gradually to its
minimum value at sunset, the values of (h) varied for each month, as illustrate in the Fig. (3).

Fig. 3:The hourly (t) Variation with the solar elevation angle (h) for Mosul city of the months,
March, Jun, September and December.
While the zenith angle decreases with the daylight hours (t) to its minimum value to the 12.0 at
noon and then increases again to its maximum value at sunset hours the values of (Z) varied for each
month, as illustrate in the Fig. (4).
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Fig. 4: The hourly (t) Variation with the zenith angle (Z) for Mosul city of the months, March,
Jun, September and December.
Farther more AM values for daylight hour (t), its value decrease to the minimum value at noon
and then increases again at sunset hours as shown in the Fig. (5).

Fig. 5: The hourly (t) Variation with the AM for Mosul city of the months, March, Jun,
September and December.
In addition to that, the variation of AM values with solar elevation angle (h) has been
demonstrated in Fig. (6) where the values of AM decrease with the solar elevation angle, these values
varied for each month.
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Fig. 6: Variation of the Air mass (AM) with the solar elevation angle (h), for Mosul city of the
months, March, Jun, September and December.
While the variation of AM values with zenith angle (Z) has been demonstrated in Figure (7) its
values increase with zenith angle, these values varied for each month too.

Fig. 7: Variation of the Air mass (AM) with the zenith angle (Z), for Mosul city of the months,
March, Jun, September and December.
The above results of the curves profile agreed with the published for other regions (Schoenberg,
1929), (Faine et al., 1990).
The solar irradiance power has been calculated for Mosul city according to the value of AM =
1.24 on the 21st of March and September, theoretically using formula (7) and measured practically
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using irradiance power meter. There values are equal to (982 W/ ) and (996 W/m2) respectively,
these values compared in Table 1 with the published values for other locations.
Table 1: The values of AM and solar irradiance intensity theoretically using formula (7) and
practically of different values of Zenith angle (Meinel and Meinel, 1976).
Zenith angle (Degree)

AM

Theoretical Irradiance
(W/m2 )

Practical Irradiance
(W/m2)

-

0

1353

-

1

1040

-

1.o9

1020

-

1.15

1010

-

1.24

982

996

1.41

950

-

0

0

0

23

0

30

0

36.35
0

45

0

48.2

1.5

930

-

0

2

840

-

0

2.9

710

-

0

3.8

620

-

0

5.6

470

-

0

10

270

-

0

38

20

-

60
70
75
80
85
90

CONCLUSIONS
The value of AM decreases as the solar elevation angle increases while its value increase with
zenith angle. Farther more AM value computed for daylight hour and hour angle, its value comply with
published for other regions.
The calculations were studied in a specified day, the 21st of each month at daylight hours From
sunrise to sunset. The value of AM chosen in this study equals to 1.24 at Mosul city where the sun is at
altitude equals to 36.350 from vertical.
According to the values of AM =1.24, the solar irradiation intensity were calculated theoretically
and measured practically and there values are equals to (982 W/m2) and (969 w/m2) respectively and of
good agreement.
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