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Abstract

In the paper the sun tracking systems’ usage for high-potential concentrators and solar PV to be directed to the

sun have been studied due to the cographical location of Absheron peninsula.
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1. Introduction

According to the geographical coodinates, for the
perpendicularity provision of the for high-potential
concentrators to teh sun along the day we should take into
considration ist action on azimuthal and zenithal surface:

In the paper diurnal sun rays’ density has been determined

on the concrete area. The direct sun rays S, amount
falling on the surface under @ angle is to be defined [1, 2]:
Sdir =3 ) Kat -C0s j

r max

Here, S, . - solar radiation constant which equals the
energy amount coming from the Sun to the Earth.
S, max =925W /m?; K

F max ¢ - correcness ratio being used

al
for sun rays’ passing through the atmosphere (air mass); [
- falling angle of sun rays directly on the surface.

cos B =sinh cosa +cosh, sin«

Here, « - the angle of the solar PVs in comparison with
horizon; hg - the sun height angle within the exact time.

After these parameters motion trajectory can be calculated
on the azimuthal surface of the concentrator [3].
Concentrator movement on the azimuthal surface has to be
same with conspicuous sun angle speed. For this azimuthal
motion velocity should be expressed as follws:
d, kcos®(sin g —coskt-tgs cosp)

a

d, 1-(cosgcosscoskt+singsins)?

a

Here, kt - hour angle from midday;
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O - inclined angle of the sun;

@ - geographical parallel of the area.

Annually the greatest azimuthal motion rate occurs in June
21, the smallest one happens in December 21. For that,
maximal azimuthal movement rate is to be defined as below:

k
“anaks = i ¢—0,4338¢0s @
The total power of the electric motor which makes the

concentrators move on azimuthal surface must be
determined like this:

c 2
N, = 0,0098%2;n 0,7G +(0,005G + Sp;F)R}

Here, 1 - efficiency of whole mechanism having role in
the guiding system;

m -quantity of the every part consisting of concentrators
with pieces;

N - coun of the concentrators in each part with pieces;

G - weight of the concentrators Kg ;

p -air density kg/m?;
v - calculated wind speed m/sec;

F - surface square of the concentrators m?;
R - radius of the motion path on azimuthal surface m ;

S - the measured ratio on the aerodynamic resistance of
each concentrator and has to be determined as follows [4]:

S =C, cosy —C siny + u(C, siny +C cosy)

Here, C, vo C, -aerodynamic ratio;

M - shaking coeffient during themovement;

The impact of the aerodynamic forces on the concentrator
surface should be calculated as below [5, 6]:
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—00_(r+ &
B =90 (7+2)

Here, ¥ - angle between central axe of the concentrator
and wind direction;

«a - angle bewteen central axe of the concentrator and
direction to the center.

Due to this calculation ¥ is defined as below:

a
v=p E

According to the calculations carried out I should say that
the force of demanded electric motor consists of 0,3% from
the total energy during concentrator mvement on azimuthal
surface.

The energy system possessing solar PVs may be used for
the electric motor work. Thia’s why averagely solar PV
having 300 W power, 2 accumulators and a controller are
necessary.

Provision of concentrators’ movement on zenithal surface
annually depends on days, months and the sun height due to
the geographycal location, relief of the territory. Naturally
the Sun height angle is able to be distingiushed in the
mention area in the stationary point taking into considration
the geographical location and territory relief. Identidfication
of these angles is realized to the following formular [7-9]:

sina cosé@
tgd =
€0oS ¢ c0s @ + cosh
inhsin
tgz = cos 4 sinhsin 0
COS ¢ COS @ + cosh

Here, € angle between sun ray reflected from the
concentrator surface and the horizontal surface. Due to the
realized calculation | dare say that the above mention
parameters should be taken into considration for the
concentrators to move on the both surfaces. But depending
on geometrical shape of the concentrators (parabolic,
parabolo trough, flat and others) it shoud be done. For
egxample parabolo through concentrator can move on only
zenital surface. For this 2 conditions must be followed. The
first one is that the row of the parabolo through has to be
horizontal on the length. The second condition is that the
central axe of the concentrator is to be directed to the
maximum sun height angle depending on the geographical

29

parallel. In the second variant some mistakes appear that it
influences negatively to the work regime of the concentrator.
In order to calculate the deffects and determine the optimal
showing the next equation is used:

C0S z, COS ¥ COS £ +Sin z, COSV +COS Z, Sin g cos 7
=COoS@

C0S Z, C0S Y, COS £ +Sin z, COSV + COS Z, Sin ¥, COS 7
=COoS¢

COS Z, COS I, COS £ +SiNn Z, COSV + COS Z, SiN Y, COS 7y
=C0S¢

cos® y+cos’ v +cos’n =1

Here, | dare say that, movement of the concentrator aord
its axe is to be realized by the transient angle rate. Therefore,
ondulating angle speed can be determined as below [7]:

dy _dz CoS z

dt  dt /sin? psin?y — (sin z—cospcosv)?
During the provision of rotation in the concentrator axe,
dy

number of gears of the mechanism depends on the

maximal datum. Therefore, the general number of gears of
the mechanism can be defined like this:

ant
dy
C i mox

Here, N - rotary speed of electric motor, rotation/sec.

After the current experiments [10] at the result of the
calculation due to the above mentioned method in some
territories summeries on azimuthal and zenithal surface
angles of the solar concentrators while directing to the Sun
and risk situation have been obtained. On the base of the
experiments carried out in the southen-east and the
suther-west parts of Absheron peninsula on the both surfaces
dependence between surface angles and day time has been
detected. At the next table rotational angle data on the both
azimuthal and zenithal surfaces of the solar concentrators
were given for summer in the territry of the southen-east and
the southen-west parts of Absheron peninsula.

i =0,1045

Table 1. The experimental data carried out in summer in the southen-east and the southen-west parts of Absheron peninsula were presented

The Southen-East

Houres g% g% 9 9% 10% 10% 11 11% 12% 12% 13% 13%
Azimuthal angle | 79.2 726 65.1 57.3 50.1 424 343 26.6 19.9 125 5.2 +2.4

Zenithal angle 82.2 75.4 68.6 61.2 53.8 46.4 39.6 32.4 25.4 18.6 125 8

The Southen — West

Houres 13% 14 14% 15% 15% 16% 16% 17% 17% 18% 18% 19%
Azimuthal angle 2.4 9.8 17.1 245 31.9 39.6 46.6 53.9 61 68.8 76.4 84.2
Zenithal angle 8 125 18.6 25.4 324 39.6 46.4 53.8 61.2 68.6 75.4 82.2
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At the table 1 azimuthal and zenithal angles data of the
concentrators to be perpendicular to the Sun on the day hours
in the southen-east and the southen-west parts of Absheron
peninsula.

Thus, the experiments were realized by using ocular and
actinometric tubes settled in two seperate surfaces under
entirely 90° angle. According to the experiments after each
30 second data obtained on both surfaces and directions have
been noted. The total measurements duration covers from 8%
am till 7% pm by consisting of 11 hours in a day.

Table 2. Tha major parameters of solar PVs (U, V and I, mA) and daily
indexes

Motion .0 n azimuthal and Stationary situation
Hours zenithal surfaces
UV I, mA UV 1, mA

g 21.10 96 8.87 48
g% 21.22 158 10.63 99
9 21.74 221 12.08 196
9% 21.68 248 14.12 212
10% 22.34 261 16.58 233
10% 22.58 281 17.01 259
11% 22.84 324 17.26 311
11% 23.18 384 18.35 376
12% 23.54 418 20.41 401
12% 23.36 435 21.18 429
13% 24.77 464 22.13 446
13% 26.20 488 24.90 465
14 25.91 471 23.39 451
14% 23.65 438 2251 423
15%° 22.98 409 21.36 389
15% 23.05 388 20.79 328
16% 2251 356 18.36 248
16% 21.35 324 17.04 205
17% 21.01 301 16.23 164
17% 18.62 271 14.31 131
18% 15.11 256 12.20 99
18% 12.32 192 10.88 74
19% 10.58 101 8.21 51

The sun tracking system has been tested on the both
surfaces for the obtained data correcness to be known. To the
test results the reliability of the system functionality level
was revealed. During the experiments by moving
concentrators on both azimuthal and zenithal surfaces two
same solar PVs parallelly were used to supply electricity of
the motor make the system rotate. Due to the summery the
changing indexes of the main energy parameters of solar PVs
(U, V va I, mA) depending on the hours of the day were
noted. The data got were given at table 2. Whilst the
experiments 2 solar PVs made in Taiwana controller from
Pro star-15 mark have been utilized. The solar PVs is in
picture 1 and the controller is in picture 2.

LAR CHARGE CONTROLLER

Picture 2. Controller from Prostar-15 mark

2. Results

Summerizing experimental results the following results
have been revealed:

¢ Maximal energy efficiency state of the device;

¢ High energy potential and effectivness for the plant;

e Advisable areas of Absheron peninsula for the energy
plant usage;
Engine capacity of the electric motor;
Suitable geographical location parameters for the test;
Time (from... to) for the optimal work regime;
Perpendicularity duration on the Sun;
Necessity to the sun tracking system to get more power.

Indeed the experiments and tests give opportunity to
develop the ways to obtain much more energy efficiency at
the solar plants by using suntraking systems.




International Journal of Energy Engineering 2017, 7(1): 28-31 31

REFERENCES

[1]

(2]

(3]

(4]

[5]

Asiful Islam, Nur Mohammad, P.K. Shadhu Kbhan,
“Modeling and Performance Analysis of a Generalized
Photovoltaic Array in Matlab”, International Conference on
Power electronics, Drives and Energy Systems (PEDES) and
2010 Power India, 2010.

Dumas, M., Ingende, G., Tention, K., and Thompson, M.,
“Real-Time Intelligent Solar Energy System,” Preliminary
Design Review, Mercer University School of Engineering,
Macon, GA USA, December 2013.

Solar Angle Calculator. Solar Electricity Handbook. N.p., n.d.

Web. 25 Sept. 2013.

O. Stalter, B. Burger, S. Bacha, D. Roye: Integrated Solar
Tracker Positioning Unit in Distributed Grid-Feeding
Inverters for CPV Power Plants, ICIT 2009, Australia

Gouda O, Amer G, Elkhodary T, and Awaad M, “Optimum
Design and Implementation of Tracking PhotoVoltaic Power
System based on Plc and Micro Controller,” 14 th
international middle east power system conference, Dec.
2011

(6]

7]

(8]

(9]

[10]

Panait M. A, Tudorache T. A Simple Neural Network Solar
Tracker for Optimizing Conversion Efficiency in Off-Grid
Solar Generators, ICREPQ 2008, Spain.

What is U.S. Electricity Generation by Energy Source? U.S.
Energy Information Administration (EIA). U.S. Energy
Information Administration (EIA). Retrieved August 29.
2013.

N. Barsoum, “Implementation of Solar Tracking Pilot
Project,”” Global journal of Technology and Optimization,
Vol-2. 2011.

Tudorache T, Krindler L, “Design of Solar Tracking System
for Power Plants,”” Acta Polytechnica Hungarica, Vol-7.
2010.

Visconti, P., Ventura, V., Tempesta, F., Romanello, D. and
Cavalera, G. Electronic System for Improvement of Solar
Plant Efficiency by Optimized Algorithm Implemented in
Biaxial Solar Trackers. 10th International Conference on
Environment and Electrical Engineering. 2011.



	1. Introduction
	2. Results

