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Abstract

This paper considers an urgent issue related to increasing the efficiency of using solar inso-

lation on water-heating solar collectors (WSC). Analyzing the structural changes of the WSC, in
order to increase the effective use of solar insolation, a method is proposed without changing
the design of the WSC to solve this issue. The essence of the proposed tracker is to use it to
orient the WSC to the position of the Sun, using solar panels.

Keywords: Orientation, position, Sun, solar collector, efficiency, solar insolation,

automation, horizontal solar tracker

Introduction

Today, flat water heating solar collectors
(WSC) are widely used in practice. The main
advantages of solar heat collectors are: high
process efficiency even in subzero tempera-
tures; ease of installation of the entire struc-
ture; anti-wind resistance of the collector; du-
ration of operation. However, the efficiency of
using solar insolation remains much to be de-
sired. This is probably why many researchers
and engineers working in this field, in order
to increase the efficiency of using solar inso-
lation, are trying to change the very design of
the WSC and the materials used in this design
(Avezova N.R., Avezov R.R., Rustamov N.T.,
Vakhidov A., Suleymanov Sh.I., 2013; Ermu-
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ratskij V.V., Postolatij V.M., Koptyuk E.P,,
2009; Ermuratskij V. V., 2009; Avezova N.R.,
2003). In this case, the cost of the thermal en-
ergy produced by WSC increases. It should be
noted that the thermal and energy character-
istics of these solar installations, in addition to
its design and the use of various metal mate-
rials, also depend on the degree of how to use
Solar insolation. This is an urgent task that
needs to be solved today. Interestingly, due to
the tilt of the Earth’s axis, the Sun also moves
46° north and south during the year. Thus,
the same set of WSC installed at the midpoint
between two local extremes will see the Sun
moving 23° in both directions. Given this
situation, the researchers began using solar



trackers at the WSC in order to increase the
efficiency of using solar insolation in the pro-
duction of thermal energy. The results were
not encouraging (URL: https://dzen.ru/a/
XmwFOKI43BdEorSK; URL: https://www.
youtube.com/watch?v=7qq8g38jwd7; Pulun-
gan A.B. et al. 2020; Brito M.C. et al. 2019).
Due to the complexity of the tracker’s design,
the cost of the generated thermal energy did
not really satisfy the consumer. Despite this,
everyone knows that the aim of increasing the
use of solar insolation in the WSC system is
becoming in demand today.

Interestingly, there are simpler methods
to increase the efficiency of using solar in-
solation and the design of solar trackers on
the WSC. In (Rustamov N.T., Kibishov A.T.,
Isroilov F. M., Ernazar K. E., 2023), a simple
method for increasing the efficiency of us-
ing solar insolation at WSC is described. By
changing the location of the absorbers on the
aperture area of the WSC, it is possible to
increase the efficiency of using solar insola-
tion in a solar installation. The first option is
shown in (Fig. 1).

Figure 1. Different designs of the absorber arrangement
on the aperture area of a flat solar collector
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The first method (Fig.1) (Rustamov N.T.,
Kibishov A.T., IsroilovF.M., Ernazar K.E.,
2023): absorbers are positioned on the ap-
erture area of flat solar water heating collec-
tors according to the “golden section” prin-
ciple. Fig.1 shows such an arrangement of
absorbers (FSC, and FSC,) FSC, is a classic
arrangement of absorbers on the aperture
area. The second method (fig. 2) Rustamov
N., Kibishov A., Naci Genc, Shokhrukh Ba-
bakhan, Ernazar K. 2023). The absorbers
are located on the aperture area of the par-

abolic concentrator according to the Fibo-
nacci number principle. At the same time,
by changing the fractal dimension of the ab-
sorbers, it is possible to further increase the
efficiency of using solar insolation (Rustam-
ovN.T., Mejrbekov A.T., Kibishov A.T., ot
30.06.2023). The third method. If we design
a uniaxial horizontal solar tracker that causes
the movement of the FWSC as shown in (Fig.
3), then it will also be possible to increase the
use of solar insolation by a solar installation
without changing the design of the WSC.

Figure 2. General view of the fractal water heating solar collector (FWSC) design
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As you know, the Sun travels 360° from
east to west per day, but from the point of
view of any fixed location, the visible part is
180° maximum during the average period of
half a day (more in summer, slightly less in
spring and autumn and significantly less in
winter). FWSC with a fixed orientation be-
tween the extreme points of dawn and sunset
will move. approximately 75° in both direc-
tions and will lose more than 75% of energy
in the morning and evening. The rotation of
the FWSC to the east and west can help make
up for these losses.

The aim of the work is to develop a
horizontal solar tracker for a fractal water

heating solar collector powered by a renew-
able energy source.

The solution method. By definition, a
FWSC tracker is a system with rotary mech-
anisms that automatically deploys FWSC
along the line of movement of the sun, as
shown in Fig. 3. So more direct rays fall on
their surface during the day, which increases
the overall efficiency of using solar insolation
by solar collectors. It is clear that the design
of such a tracker should ensure a reduction in
the cost of generated thermal energy. This is
also one of the options for increasing the ef-
ficiency of using solar insolation, which does
not require changing the design of the WSC.

Figure 3. Options for the orientation of the fractal water
heating solar collector to the movement of the Sun

The tracker being developed should have
the following functions: to be constantly point-
ed at the Sun, at best at a right angle. Tracking
of the Sun, the FWSC should be carried out
autonomously, i.e. without manual control.
Remote control by connecting it to a horizon-
tal tracker will also provide an opportunity to
expand functions. In this case, the axis of rota-
tion of the horizontal uniaxial tracker must be
horizontal relative to the ground. To do this,
the FWSC itself is attached to a rotating disk
attached to a vertical axis.

To reduce the cost of the solar tracker,
we will use solar photo panels to operate the
engine. The rotating disc itself is put on a
vertical axis attached to a non-moving disc.
This type of horizontal solar tracker is most
suitable for low latitude regions. The layout
of the field for FWSC with horizontal uniax-
ial solar trackers is very flexible. The appro-
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priate field can maximize the ratio of ener-
gy production to costs, and this depends on
the local terrain and shading conditions, as
well as on the time of day and the value of
the energy produced. With this design of the
horizontal solar tracker, reverse tracking is
not required for the WSC. The FWSC are
mounted on a rotating disk, and this disk
will rotate around its axis to track the visible
movement of the Sun during the day. Now
the question arises how to rotate the disk
where the FWSC is attached. To generate
electricity for the rotating rotating disk en-
gine, we will use a solar photo panel. Figure
4 shows such a horizontal solar tracker pow-
ered by renewable energy sources.

This system works as follows. In the
morning, position ¢). When the sun’s rays fall
on the FWSC9 and on the solar panel 7, the
FWSC9 begins to generate thermal energy



and at the same time the solar photo panel 7
will generate electrical energy.

Here 1,6 is a controller, 2 is a reversible
asynchronous motor, 3 is an electric drive, 4

is arotating disk where the FWSC is attached,
5 is a support disk holding the rotating disk,
7,8 solar photo panels, FWSC9.

Figure 4. Uniaxial horizontal solar tracker for FWSC
operating on an alternative energy source

a)

b) c)

The generated electrical energy is fed
through the controller 1 to the reverse asyn-
chronous motor 2. The reverse asynchronous
motor using an electric drive 3 begins to rotate
the rotating disk 4. At this time, the second so-
lar photo panel 8 is in the shade, and does not
generate electrical energy. Position b). Noon
in this position, the first photo panel will be
in the shade, the production of electrical en-
ergy is suspended. But the FWSC continues
to generate thermal energy. The engine is not
working. Position a). After lunch, the sun’s

rays fall on the second photo panel 8, it begins
to generate electrical energy. The generated
electrical energy is supplied to the engine 2
through the controller 6, the engine begins to
rotate the disk 4 with the help of an electric
drive 3. Thus, the FWSC9 will generate ther-
mal energy during this period of movement.
At this time, the first photo panel 7 remains in
the shade, i.e. the sun’s rays do not fall on this
photo panel. When the movement of the Sun
ends, the reversing engine returns the rotating
disk 4 to its original position.

Figure 5. Daily solar insolation for Turkestan (1.03.2023)
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These three designs were experimented
with under the same external and internal con-
ditions. At the same time, the aperture areas
of the WSC and the size of the absorbers were
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the same. But the structures of the absorber ar-

rangement were as shown in (Fig. 2 and 3).
Figure 5 shows the changes in solar inso-

lation when the experiments were conducted.
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From the graphs obtained as a result of
the experiment, the efficiency of water-heat-
ing solar collectors shown in Figs.6 and 7,
one can see the trend in the efficiency of us-
ing solar insolation depending on the loca-
tion of absorbers on the aperture area of so-
lar collectors.

Collectors where the absorbers are frac-
tally arranged according to the principle of
the “golden section” of FSC, and FSC, use
solar insolation more effectively compared

Section 1. Electrical engineering

to where the absorbers are located on the
aperture area parallel to the FSC,. 6 and 7
shows that when the collector structure has a
shape as shown in Figure 2, the efficiency of
using solar insolation by a solar installation
will be more efficient compared to previous
VSCs. Since in this case, the solar installa-
tion uses solar insolation multiple times to
generate thermal energy. This installation is
patented (Rustamov N.T., Mejrbekov A. T.,
Kibishov A.T., ot 30.06.2023).

Figure 6. Hourly efficiency of WSC with different absorber arrangements
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Figure 7. Hourly WSC heat generation with different absorber arrangements
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7 ON THE ISSUE OF INCREASING THE EFFICIENCY OF USING SOLAR INSOLATION



The problem of increasing the use of solar
insolation in water-heating solar collectors
is strongly associated with a decrease in the
cost of generated thermal energy. Analyzing
the results of the experiment shown in Fig-
ures 6 and 7, we can say that when the WSC
absorbers are located on the aperture area
according to the “golden section” principle, if
the WSC is flat and the absorbers are locat-
ed on the aperture area of the parabolic con-
centrator fractally according to the Fibonacci
number principle, then the efficiency of using
solar insolation increases. This can be seen
from the values of the hourly efficiency of
water heating solar collectors and the hourly
heat generation by these solar collectors.

Conclusions

Summarizing the work, we can say the
following:

1. Absorbers and their locations in solar
collectors are one of the main design elements
in the heat supply of solar installations, on
which both energy and economic indicators
of solar heat supply systems depend.

2. In flat solar collectors, the absorbers
are located in a planar projection. In such
structures, the reflected from the aperture
area is not used to generate thermal energy.

3. When the aperture area is a parabolic
plane and the absorbers are located in this
plane fractally according to the Fibonacci
number principle, then solar insolation can
be used in multiples

4. The concept proposed in the work
methods for increasing the efficiency of using
solar insolation by changing the location of
absorbers in the aperture area of water heat-
ing collectors is objective.

5. The results of the experiments have
shown that changing the location of absorb-
ers on the aperture area can increase the effi-
ciency of the WSC.

6. The proposed method of increasing the
efficiency of the FWSC using a horizontal so-
lar tracker is a fundamentally new approach
not only to the design of a uniaxial horizontal
solar tracker, but also to generate low-cost
thermal thermal energy.
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