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For the first time, a fractal solar collector operating in the cogeneration mode is
proposed. In this context, we are talking about a modern innovative system that uses
fractal structures to optimize the processes of collecting, distributing and converting solar
energy simultaneously into thermal and electrical energy. The detailed design and results
of the conducted experiment of this system are given. The stages of the experiment are
shown in order to gain a deeper understanding of the principles of operation of a collector
operating in the cogeneration mode. The high efficiency and promising application of this
system in the field of renewable energy have been experimentally proven. In addition,
the results obtained demonstrate the possibility of using the proposed fractal collector as
an alternative energy source, which opens up new ways to develop energy-efficient and
environmentally friendly technologies of the future.
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1 Introduction
In recent years, research on new-generation solar collectors has intensified, allowing

for more efficient use of solar energy. Research is ongoing to improve widely used flat
solar collectors [1, 11].

However, studies of enrichment systems to increase efficiency are also becoming in-
creasingly important, and parabolic grooved reservoirs stand out in this area [2–4]. In
addition to developing new approaches to the design of these collectors [5, 10], various
methods for improving the performance of parabolic grooved collectors are also being in-
vestigated. Such methods include improving the design of the absorber surface [6, 7], and
the study of various heat carriers [8, 9].

There is no cogeneration mode in these considered reservoirs. In its physical essence,
when a fractal collector operates in cogeneration mode, its efficiency increases significantly
[12, 13].

The aim of the work is to develop a fractal solar collector operating in the cogeneration
mode.

2 The solution method
There are great opportunities for using solar panels, not only for private clients. These

installations can be used in the regional energy generation system (AEG). Scaling up
the use of solar installations will not only significantly save energy resources, but also
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alleviate the environmental situation. Solar water heating systems with absorbers fractally
located in a parabolic concentrate, i.e., a Cogenerative fractal solar collector (CFSC), are
structurally simple [14].

Thus, the desired result from CFSC during operation is achieved by increasing the
efficiency of using sunlight in the space of a parabolic concentrator in which fractally
arranged toroidal absorbers, as well as optimizing the location of fractal toroidal absorbers
to obtain warm water of different temperatures. In this case, the aperture area of the
CFSC will be the area of the parabolic concentrator (Fig. 1).

Figure 1 The design of a cogenerative fractal solar collector

(a) is a general view of the collector, (b) is a view of the collector half-ring photo of the
placement of solar panels c-CFSC 1-tank. 2-the groove from which the hot water comes
out. 3-photo panel. 4-1 fractal. 5-2 fractal. 6-3 fractal. 7- Flexible solar photo panel

The main advantages of cogenerative fractal solar collectors are: high process efficiency
even at temperatures below zero; ease of installation of the entire structure; resistance of
the collector to wind; duration of operation. In the CFSC, the aperture area is located in
the space of a parabolic concentrator.

Thus, the aperture region serves as a second source of solar energy for fractally ar-
ranged absorbers, that is, the sun’s rays passing through the fractally arranged absorbers
are reflected from the diaphragm region and heat the fractally arranged toroidal absorbers
for the second time.

To achieve the expected result, the parabolic shape of the concentrator, fractal toroidal
evacuated absorbers are installed in a parabolic space, so that each absorber not only has
a different temperature of toroidal fractal water, but also is a future fractal secondary
source of solar energy. This is shown in Fig. 2.

To determine the energy characteristics of the proposed CFSC, an experiment was
conducted. Experimental studies were conducted in Kazakhstan/Turkestan (68.23𝑐𝑖𝑟𝑐
latitude and 43.3051𝑐𝑖𝑟𝑐 longitude) under climatic conditions as of March 1, 2023 using a
three-row toroidal fractal structure.

The experiments were conducted in an environment with an average wind speed of 2.5
m/s, a relative humidity of 45% and a cloud cover of 2/8. Wind speed increases heat loss
due to convection on the outer surface.
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Figure 2 Experimental installation of a cogeneration fractal solar collector

The order of the experiment.
1. First of all, we measure the radius of each fractal located in the solar collector

𝑅1, 𝑅2, 𝑅3 and the inner radius of the fractal tube 𝑟.

𝑅1 = 0.15𝑚, 𝑅2 = 0.30𝑚, 𝑅3 = 0.40𝑚, 𝑟 = 0.016𝑚.

2. Using the measured radii, we calculate the surface area of each fractal pipeline
𝐴𝑎1 , 𝐴𝑎2 , 𝐴𝑎3 .

𝐴𝑎1 = 0.13m2, 𝐴𝑎2 = 0.19m2, 𝐴𝑎3 = 0.25m2.

3. The hourly values of the useful part of the solar radiation power are found by the
formula, 𝐹𝑅 = 0.9, for each fractal.

𝑄ℎ𝑜𝑢𝑟
𝑙𝑎1

= 𝐴𝐹𝑅

(︀
𝐼𝑎𝑏𝑠ℎ𝑜𝑢𝑟 − 𝛾TΠ

ℎ𝑜𝑢𝑟

)︀
,

where 𝐴 – each area of the absorber
𝐹𝑅 – the coefficient of heat transfer from the solar collector
𝐼𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑ℎ𝑜𝑢𝑟 – corresponding hourly values of absorbed solar radiation
𝛾TΠ
ℎ𝑜𝑢𝑟 – hourly value of heat losses

For the first absorber

𝑄1200

𝑙𝑎1
= 𝐴𝑎1𝐹𝑅

(︀
𝐼abs
1200 − 𝛾TΠ

1200

)︀
= 0.13 · 0.9 (704.8− 300) = 47.4W/m2.
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For the second absorber

𝑄1200

𝑙𝑎2
= 𝐴𝑎2𝐹𝑅

(︀
𝐼abs
1200 − 𝛾TΠ

1200

)︀
= 0.19 · 0.9 (704.8− 300) = 69.2W/m2.

For the third absorber

𝑄1200

𝑙𝑎3
= 𝐴𝑎3𝐹𝑅

(︀
𝐼abs
1200 − 𝛾TΠ

1200

)︀
= 0.25 · 0.9 (704.8− 300) = 91.1W/m2.

4. Determine the area of the solar panel under each absorber 𝐴1, 𝐴2, 𝐴3

5. We determine the area of the solar panel of each absorber
𝑅1 – the first radius of the fractal (0.15m)

𝐴1 = 𝜋𝑅2
1 = 3.14 · (0.15)2 = 0.07m2.

The area of the solar panel under the second absorber is determined by the formula
𝐴2

𝐴2 = 𝑙2 · 𝑎.

First of all, we measure the length of the second fractal. 𝑅2 = 0.3m.

𝑙2 = 2𝜋𝑅2 = 2 · 3.14 · 0.3 = 1.9m.

Similarly, we determine the area of the solar panel under the second absorber and the
third absorbers. 𝐴2 and 𝐴3.

6. The power of the solar panel is determined by the formula 𝑃

𝑃 = 𝐴 · 𝜂 · 𝐼reflection.

Where:
𝐴 - solar panel area (m2),

𝜂 - solar panel efficiency; 15% corresponds to 𝜂 = 0.15.

𝐼reflection – reflected solar radiation power (𝑊/𝑚)2

We find the area of the reflection area of sunlight

𝐴par = 𝜋
(︀
ℎ2 + (2𝑎)2

)︀
= 3.14

(︀
(0.25)2 + (2 · 0.40)2

)︀
= 1.2m2,

𝐴absor = 𝐴1 + 𝐴2 + 𝐴3 = 0.13 + 0.19 + 0.25 = 0.57m2,

𝐴s.area = 𝐴par − 𝐴absor = 1.2− 0.57 = 0.63m2.

7. Calculate the value of reflected solar radiation from a parabolic concentrator, 𝐹𝑅 =
= 0.9, 𝐴s.area = 0.63m2

𝐼12
00

reflection = 𝐴s.area𝐹𝑅

(︀
𝐼abs
1200 − 𝛾TΠ

1200

)︀
= 0.63 · 0.9 (704.8− 300) = 229.5W/m2

Doubles the value of solar radiation reflected from a parabolic concentrator 8. We
will find the power of the solar panel in each fractal of the CFSC using the formula (9)
𝑃1, 𝑃2, 𝑃3.

𝑃1 = 𝐴1 𝜂 𝐼
1200

reflection = 0.07 · 0.35 · 700 = 17.2W,

𝑃2 = 𝐴2 𝜂 𝐼
1200

reflection = 0.08 · 0.35 · 700 = 19.6W,

𝑃3 = 𝐴3 𝜂 𝐼
1200

reflection = 0.10 · 0.35 · 700 = 24.5W.
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9. We calculate the total power received from the solar panel from CFSC at 12: 00
𝑃𝐺.

𝑃𝐺 = 𝑃1 + 𝑃2 + 𝑃3 = 17.2 + 19.6 + 24.5 = 61.3W.

Table 1 CFSC energy characteristics
CFSC energy
Description Daily watch

1000 1100 1200 1300 1400 1500 1600 1700

𝐼TΠ
hour, W/m2 180 200 250 300 350 300 250 200

𝑅 2.56 2.18 2.09 2.00 2.00 2.09 2.18 2.56
𝑡, ∘𝐶 8 9 10 11 12 13 14 13

𝐼HΠ
hour, W/m2 460.8 436 522.5 600 700 627 549.4 512
𝐼abs
hour, W/m2 354.8 335.7 402.3 462 539 482.8 423 394.2
𝛾TΠ

hour, W/m2 312 306 300 294 288 282 276 282
𝑄𝑙𝑎1, W/m2 5 8.5 21.9 39.6 60.4 49.5 34.2 24.1
𝑄𝑙𝑎2, W/m2 6.2 10.3 24.7 46.2 78.1 56.9 34.2 26.2
𝑄𝑙𝑎3, W/m2 7.3 12.0 37.5 50.7 86.0 66.3 36.1 34.2
𝑃1, W 14.7 15.9 17.2 18.4 19.6 21.0 19.6 17.2
𝑃2, W 16.8 18.2 19.6 21.0 22.4 23.8 22.4 19.6
𝑃3, W 21 22.8 24.5 26.3 35.0 29.8 28.0 24.5
𝑃gen, W 52.5 56.9 61.3 65.7 77 74.6 70 61.3

𝑄gen, W/m2 71 84 145.4 202.2 301.5 247.3 174.5 145.8
𝜂𝐺hour, % 60 70 74 75.4 76 75.3 75 74.6

Figure 3 Graph of the electric power on the solar panel in each fractal of the CFSC by daylight
hours
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As an example below, we will calculate the efficiency efficiency for CFSC in hours 1200
For this, we have selected the following initial values from Table 4.

𝐼HΠ
1200 = 555.5W/m2, 𝑄1200

gen = 196.5W/m2, 𝑃 1200

gen = 17.25W.

Efficiency for the CFSC as a whole, where we determine the total area of the solar
panel 𝐴s.area = 0.63m2.

𝜂𝐺1200 =
𝑄1200

gen + 𝑃 1200

gen

𝐴gen 𝐼HΠ
1200

× 100 =
196.5 + 61.3

0.63 · 555.5
× 100 = 74%.

Taking into account the corresponding hourly electrical values of CEFSC 𝑄hour
gen and

𝐼HΠ
hour, their daily (total) values are determined by the formulas

∑︀
𝑄hour

gen and
∑︀
𝐼HΠ
hour, using

formula (9) we found the daily efficiency of CFSC:

𝜂FSC, day =

∑︀
𝑄hour

gen

𝐴absor
∑︀
𝐼HΠ
hour
× 100 =

=
71 + 84 + 145.4 + 202.2 + 301.5 + 247.3 + 174.5 + 145.8

0.63 · (460.8 + 436 + 522.5 + 600 + 700 + 627 + 549.4 + 512)
× 100 =

=
1371.7

4407.7 · 0.48
× 100 = 71.3%.

Using the following empirical formula in the CEFSC, we determined the average daily
value of efficiency:

𝜂aver
VFSC, day =

∑︀
𝜂gen

𝑛
=

71 + 84 + 145.4 + 202.2 + 301.5 + 247.3 + 174.5 + 145.8

24
= 58.3%.

where 𝜂gen =
∑︀
𝜂hour, – that is, the hourly efficiency values in CEFSC taken from formula

(7).

Figure 4 The efficiency graph calculated according to the daily hours of the CFSC
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This graph shows the dynamics of the increase in the efficiency of CFSC. This increase
in efficiency is explained by the operation of the installation in the cogeneration mode.

3 Conclusion
The effective use of solar collectors largely depends on how we use solar insolation.

Our research has shown that by changing the design of the absorbers in the aperture
area, the use of solar insolation in a solar installation can increase its efficiency. The
efficiency of installations performed with this design can reach 80-85%. The new type
of solar collector described in this paper is called a cogenerative fractal solar collector
(CFSC). On the other hand, the creation of a CFSC, producing both heat and electricity
at the same time, will stimulate the further development of solar collectors.

Based on the results of the experiment, it can be said that CFSC has shown itself to
be on the good side in terms of the simplicity of its design and the low cost of consumable
material, the small footprint, and the efficiency of using solar radiation. Summarizing the
work, we can say the following:

1. Absorbers and their locations in solar collectors are one of the main design ele-
ments in the heat supply of solar installations, on which both the energy and economic
performance of solar heating 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 arranged fractally
in this plane according to the principle of the Fibonacci number, then solar insolation can
be used multiple times.

4. The concept proposed in the work of methods to increase the efficiency of using
solar insolation by changing the location of absorbers in the aperture area of water heating
collectors is objective.

5. The results of the experiments have shown that changing the location of absorbers
in the aperture area can increase the efficiency of work FSC.
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УДК 621.313

КОНСТРУКЦИЯ И ПРИНЦИП РАБОТЫ
КОГЕНЕРАТИВНОГО ФРАКТАЛЬНОГО СОЛНЕЧНОГО

КОЛЛЕКТОРА
*Рустамов Н., Мухамеджанов Н.Б.

*nassim.rustamov@ayu.edu.kz
Международный казахско-турецкий университет имени Ходжи Ахмеда Ясави,

161200, Казахстан, г. Туркестан, пр. Бекзат Саттарханова, 29.

В работе впервые предлагается фрактальный солнечный коллектор, работающий
в режиме когенерации. В данном контексте речь идет о современной инновационной
системе, которая использует фрактальные структуры для оптимизации процессов
сбора, распределения и преобразования солнечной энергии одновременно в тепловую
и электрическую. Приводится детализированная конструкция и результаты прове-
денного эксперимента данной системы. Показаны этапы проведения эксперимента с
целью более глубокого понимания принципов работы коллектора, функционирую-
щего в режиме когенерации. Экспериментально доказана высокая эффективность и
перспективность применения данной системы в области возобновляемой энергети-
ки. Кроме того, полученные результаты демонстрируют возможность использова-
ния предложенного фрактального коллектора в качестве альтернативного источни-
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ка энергии, что открывает новые пути развития энергоэффективных и экологически
чистых технологий будущего

Ключевые слова: солнечный коллектор, фрактал, когенерация, преобразования,
солнечная энергия, генерация энергии, режим когенерации.
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