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Abstract
In this paper the daily, monthly, seasonally, and yearly optimum slope angles of solar collectors are determined for areas in Iran and
new models are developed to calculate the monthly, seasonally, and yearly optimum slope angles for latitudes of 20 to 40 north.
To achieve this purpose, the slope and surface azimuth angles of solar collectors for receiving maximum solar radiation were
determined in some Iranian cities in different days, months, seasons, and the whole year employing different models. According to
the optimum slope angles predicted in this paper and using the optimum slope angles achieved by other researchers at locations out
of Iran but in the same range of latitudes, the models are obtained. The outcome of this research is that the optimum slope angle of
flat solar collectors has a linear relationship with the latitude of the site.
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1. Introduction
To receive maximum solar energy, the collector's

surface should be perpendicular to the sun's rays. This
can be accomplished when the solar trackers are used to
follow the sun instantaneously. The main problem in this
regard is however the high cost of this kind of trackers;
so instead of employing solar trackers, the angles of
collector's surface could be changed manually every day
or month or season in order to adjust the collector almost
perpendicular to the sun's rays. The majority of studies in
this field focused on the monthly slope angle of the solar
collectors and the results show that the slope angle
depends on latitude. As an example, Heywood [1]
obtained the yearly optimum angle as 10)( yopt ,

Lunde [2] achieved this angle as 15,yopt and
Duffie and Beckman [3] calculated this angle
as 15)15()( yopt . Qiu and Riffat [4] found the
yearly optimum tilt angle of solar collectors
as 10)y(opt at a location with latitude of and
the solar energy gain calculated based on the above
angles had a relative error below 1.5%. In the above
equations, the plus or minus sign depends on the season
of the year and the hemisphere of the earth. For example,
in places located at the north hemisphere the plus sign
should be used in winter. Nijegorodov et al. [5] presented
12 equations for calculating the monthly optimum slope
angle which is used in subsequent studies for validation
of other researchers' results. He used the atmospheric
transmittance models to obtain analytical formulas for the
optimum slope angle. On the other hand, he used
mathematical models for calculating the hourly total
radiation and then integrated them to obtain total daily
radiation. The atmospheric transmittance models may not
be accurate for all climates. He also used some
simplifying assumptions for employing the equations.
The equations are therefore not too accurate and have a
big deviation from the exact values in some latitudes and
especially in some months.

Morcos [6] obtained a mathematical model for
calculating the total radiation on a sloped surface and
determined the optimum tilt angles for a flat plate
collector in Assiut, Egypt on a daily basis. The results
showed that changing the tilt angle eight times a year is
necessary to receive the total radiation on the collector
near its maximum value and this achieved a yearly gain
of 6.85% in total radiation when compared with a flat
plate collector fixed at slope of 27 , which is equal to the
latitude of Assiut. Abdulaziz [7] computed the optimum
slope angle for latitudes ranging from 10 to 50 north
and concluded that if the collector is adjusted at the
yearly optimum slope angle, the energy gain is less than
10% as compared to the monthly optimum slope angle.
Furthermore, the optimum seasonal slope angle reduces
the energy gain by less than 2% from that of the monthly
optimum slope angle. Hartley et al. [8] calculated the
optimum slope angle for Valencia, Spain. They showed
that the amount of irradiation loss using the yearly
average optimum tilt angle is only 6% when compared

with the monthly average tilt angle, and thus using the
yearly optimum angle may be preferred because it would
need cheaper equipment and involve less work to keep
the tilt angle the same all year round. Oladiran [9]
determined the average global radiation on flat surfaces
for three zones in Nigeria. The total radiation was
obtained while the surface azimuth angle was varied
between 0° and 75° at 15° intervals. He also presented
the results for three slope angles of the collector surface
and found that the mean annual radiation increased for a
surface with the slope angle of 10° less than the latitude
angle. Azmi et al. [10] computed the monthly optimum
slope angle for Brunei, Darussalam. Their results had
significant difference with Nijegorodov equations in
some months because the ambient condition of Ref. [10]
is not the same as assumptions of Nijegorodov. Shariah et
al. [11], by employing the computer program TRNSYS
(Transient System Simulation) found the optimum slope
angle for a thermosyphon solar water heater installed in
northern and southern parts of Jordan. Runsheng Tang et
al. [12] presented an estimation of the optimal tilt angle
for maximizing its energy based on the monthly global
and diffuse radiation on a horizontal surface. They
employed a mathematical model for the estimation of the
optimal tilt angle of a collector and presented a contour
map of the optimal tilt angles of the south-facing
collectors used for the whole year in China, based on
monthly horizontal radiation of 152 places around the
country. Ulgen [13] computed the monthly, seasonally,
and yearly optimum slope angles for Izmir, Turkey using
a mathematical model. He found that the optimum tilt
angle changes between 0 (June) and 61 degrees
(December) throughout the year. Elminir et al. [14]
studied the optimum slope angle theoretically in Helwan,
Egypt and compared the results of different mathematical
models with experimental results. The predictions have a
little deviation from the experimental results. Gopinathan
et al. [15] presented the monthly average daily global
radiation on surfaces tilted towards the equator and also
inclined at various azimuth angles for three locations in
the South African region. They found that Maximum
energy occurred at an azimuth angle of 180° (facing
equator) at any slope, because these African cities are
located at the southern hemisphere. Gunerhan and
Hepbasli [16] calculated the daily optimum slope angle
for Izmir, Turkey and compared the results with the
results achieved from Nijegorodov equations, even
though, the ambient condition in Izmir is different from
Nijegorodov assumptions. They suggested that if we can
change the slope angle once a month and adjust the
collector at the monthly average slope angle, the
utilization efficiency of solar collectors will increase. In
2009, Skeiker [17] obtained an equation for calculating
the optimum daily slope angle and employed it to
compute this angle for some cities in Syria. His results
were validated when compared with Nijegorodov
equations and as described before, the ambient condition
in Syria is different from Nijegorodov assumptions. In
2011, Talebizadeh et al. [18] developed new models to
predict optimum slope angle of solar collectors for






















