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Abstract: Concentrating Solar Power (CSP) focuses sunlight
in order to use the heat energy of the sun. In a central receiver
system configuration, many mirrors (heliostats) individually track
the sun and reflect the concentrated solar energy onto a receiver
on top of a tower. Thereceiver containsthe working fluid which is
heated by the concentrated solar radiation. The useful energy that
absorbed by the water flows through the receiver in solar tower
plant depending on the angle between the solar rays and the
position of heliostat in the region of work. Heliostat will reflect
theincident solar radiation in the direction of thereceiver founded
in the top of the tower, in order to get a maximum incident solar
radiation on the heliostat reflection area. Because of the cosine
factor loss effect due to the sun position is variable along the day
from sunrise to sunset, which must be in a minimum value,
therefore an automated tracking system with dual axes as a
control system with sensors had been built and used to stay the
sunrays incident on the receiver, and enable the heliostat to flow
the sun where it was.

Keywords: Cosine losses, Solar energy, Tower power plant,
Heliostat position.

I. INTRODUCTION

M any people use solar power by harnessing the sun's

energy to heat their homes and to run different appliances .It
is an economical and earth-friendly way to bring power into
the home and can cut external power consumption by 50 to
70%. For this reason, the world is thinking to transfer the
energy sources to the green sources and technologies. The
central solar tower is one of green technologies used to
generate the electricity from sunlight by concentering the
solar raysthat directed to the receiver found on the top of the
tower, this heat exchanger will absorb these rays and convert
to the thermal energy then used to turn drive steam turbine. In
solar power plant may heliostats installed to ensure the big
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amount of reflection the sunrays. This machine has a
reflection area and a studied position in the field of the
central solar, they follow the sun's motion by tracking system
[1] and [2].

In this study, the main object isto maximize the efficiency
and performance of the receiver which achieved by using the
tracking system to minimize the effect of cosine factor and
decreases the losses of the sunrays, therefore this will

improve the performance of the solar power plant.

[I. COSINELOSS

In optics, the law cosines of Lambert said that the radiation
intensity or the light intensity observed from a reflective
surface is directly proportional to the cosine of the angle 6
between the direction of the incident light and the surface
normal sensor [3]. The law is aso known as Lambert's
emission law [4] or the cosine emission law. It is named after
Johann Heinrich Lambert, from his Photometry, published in
[5]. The cosine effect has been modeled followsin the Fig. 1.

Fig. 1. Illustration of cosine losses [6]

Solar radiation descended on the heliostat mirror surface is
proportional to the cosine of the angle between the light
direction and the surface normal [6]. A significant wellspring
of 'misfortune’ in sun-based concentrators emerges from the
way that mirrors can't generally be adjusted typical to the
episode sun powered beams. At the point when a mirror is
reflecting off-pivot, the evident territory of the mirror, as
observed from the sun, is diminished by the cosine of the
frequency edge. Accepting that the gap region of the
concentrator to be equivalent to the mirror region, this
decrease in evident zone at that point legitimately lessens the
fixation proportion of the concentrator, consequently it is
alluded to as a cosine misfortune, albeit carefully the vitality
was never gathered in any case.
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This cosine misfortune impact happens in al types of
sun-based concentrators. An endeavor to minimize normal
cosine misfortunesisliable for the off-hub plan of most focal
collector frameworks. End misfortunes are specific to trough
and direct Fresnel concentrators. These alludeto the radiation
that is reflected from the mirrors however which, because of
the sun not being straightforwardly overhead of the authority,
misses the recipient, and rather is thought past the finish of
the collector. Contingent upon the direction (east-west or
north-south), these misfortunes may be available lasting
through the year, or else just in the mornings and night times.

I11. METHODOLOGY

A multi-turn solar power plant is a new concept of afocal
point followed in two axes of concentration of the central
solar energy (Fig. 2). This consists of several receivers
mounted on atower that stand so close to one another that the
fields of the heliostat towers overlap in part. Consequently, in
some regions of the total heliostat field, the heliostats are
aternately directed to different points of sight on the different
positions.

The field configuration of a heliostat in multi-turn solar
power plant can be optimized to achieve a high annud
efficiency for the use of available beam energy that would
otherwise strike the ground or on the roof below. In this case
the heliostats are not directed to the nearest tower; they are
directed towards the receiver where the cosine effect will be

the smallest. Multi tower solar array reduces the losses
caused by the cosine effect of the heliostats in the solar field.
In this work, the main idea based on the angle B (cosine
effect) [8].

Tower | b

@ Heliostat 2

Fig. 2. heliostats positions accor ding to the tower

The fixed parameters of the simulations are shown in tableI.
The following figure illustrates the image of a heliostat with
the necessary parameters to determine the cosine effect.

Table- |: fixed parameters of the simulations

Tair Normal Irradiance

Aeit Reflected Rays

Ammor

Fig. 3 Cosineloss Effect on radiant power reflected by
heliostat.

The equation of the loss due to the cosine effect is given
by:

Qeeffoy =1—cosp (1)

Where j8 is Heliostat normal zenith angle.

Radiation power is calculated by the following equation:

Prag = Lair X Aeff 2

Where |4 isdirect solar intensity

The effective areais calculated by the following equation:
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Hours Day Month Tower Receiver | Mirror reflection The surface of the
Hight Tilt coefficient heliostat
(07: 00 - 17: 00) 16 | November | 4.5meters | vertica 0.88 (0.8*0.8) m
Aet = Amirx COS 8 3)

Where Amir is surface area of mirror.

The sun and heliostat are in motion while the tower (the
target) isfixed. The best solution to optimizethe value of (B8)
angle isto change the position of the heliostat in the opposite
technique used in [8] which fixed the heliostat and change the
position of the tower. () angle varied throughout the day,
therefore for maximum beam radiation incident on the mirror
must make the beta angle always about zero (cosp) = 1, in this
way, the cosine effect can be reduced by change in the
position of the heliostat.

IV. RESULT AND DISCUSSION

Fig. 4 shows the growth of the angle beta between the
incident solar rays and reflects towards the receiver at the
azimuth angle; this angle changed in therange of 0 and 20.3°
during the recommended average day (16 November) and
time of (8:00 am and 5:00 pm).

In the same manner, the Fig.5 explains the cosine evolution
of the angle of Fig. 4 throughout the day.
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Fig.4. Variation of the beta angle throughout the day
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Fig.5. Variation of the cosine beta angle along the day

According to the results presented in the above figures, it is
noted that the solution for decreasing the cosine effect in a
solar power plant is to increase the number of receivers or to
mobilize this position as a function of time day. Because the
greater number of heliostats increases, the cosine effect
decreased, and the efficiency of the plant increases which is
aso founded by [8].

V. CONCLUSION

In this work, it had shown the possibility of minimizing the
cosine lossin asolar power tower; thistechniqueis based on
changing the position and the number of heliostats. It can be
noted that several revolutions increase the cosine effect
which means an increase in efficiency of a solar power tower
plant.

REFERENCES

1. ChenY. T, Kribus A, Lim B. H,, Lim C. S,, Chong K. K., Karni J,
Buck R., Pfahl A., BlighT. P. (2004). Comparison of two sun tracking
methods in the application of a heliostat field. Journa of Solar Energy
Engineering, Vol. 126, No. 1, pp. 7.

2. Guo M. H., Sun F. H., Wang Z. F., Zhang J. (2013). Properties of a
general azimuth—elevation tracking angle formula for a heliostat with a
mirror-pivot offset and other angular errors. Solar Energy, Vol. 96, pp.
159-167.

3. Warren J. Smith, (2007). Modern Optical Engineering, Vol. 4.

4. Pedrotti F. J., Pedrotti L. S. (1993). Introduction to optics. Prentice Hall.
pp. 4. https://doi.org/10.1007/b106780.

5. Lambert J. H. (1760). Photometria, sive de mensura et gradibus luminis.
Colorum et Umbrae.

6. Ho C. K., Brian D. |. (2014). Review of high-temperature central
receiver designs for concentrating solar power. Sustainable Energy Rev.
Vol. 29. pp. 835-846.

7. Meyers R. A. (2012). Encyclopedia of Sustainability Science and
Technology. https://doi.org/10.1007/978-1-4419-0851-3.

8. Zeghoudi A., Debbache M., Hamidat A. (2017). Contribution to
minimizing the cosine loss in a thermodynamic solar tower power plant
by a change in the target position. European Journa of Electrica
Engineering. No. 5. Vol. 6. pp. 367-374.

Retrieval Number: C5643029320/2020©BEIESP
DOI: 10.35940/ijeat.C5643.029320
Journal Website: www.ijeat.org

International Journal of Engineering and Advanced Technology (IJEAT)
I SSN: 2249-8958 (Online), Volume-9 I ssue-3, February 2020

AUTHORSPROFILE

Mahmoud Sh. Mahmoud, born in Irag 1975, graduated
from Al-Nahrain University B.Sc. (1997) and M.Sc.
(2001) in mechanical engineering department/ power.
Lecturer in  mechanicad  engineering/Al-Nahrain
University/Baghdad/lrag, since 2006. Specialized in
mechanica engineering, renewable energy, heat transfer,
fluid flow and CFD.

Ahmed Fakhrey Khudheyer, born in Iraq 1974,
graduated from university of technology for B.Sc. (1998)
and M.Sc. (2000) in mechanical engineering department/
power. Ph.D in mechanical engineering/ power and
energy from Baghdad university (2006). Asst. of

2304 & Sciences Publication

professor in  mechanical  engineering/al-Nahrain
University/Baghdad/lrag, since 2009. My specidization in mechanica
engineering is thermo-fluids which deals with renewable energy, heat
transfer, fluid flow, CFD.

Qusay Jihad Abdul Ghafoor, born in lIrag 1961,

graduated from university of technology for B.Sc. (1983)

and M.Sc. (1992) in mechanica engineering

department/AC. Ph.D in mechanical engineering/ power,

from Baghdad university (2001). Asst. of professor in

mechanical  engineering/University of Technology
/Baghdad/Irag, since 2011. My specialization in mechanical engineering is
the solar energy (the owner of the cooling f-chart) and working with related
topics (renewable energy, heat transfer, fluid flow). | had more than 25
published papersin local and universal journas and conferences.

Published By:
Blue Eyes Intelligence Engineering

Exploring Innovation


http://www.ijeat.org/
https://doi.org/10.1007/b106780
https://doi.org/10.1007/978-1-4419-0851-3

