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ABSTRACT:

This article analyzes the possibility of using solar
energy in the Republic of Kazakhstan, in particular
with the use of heat engines. Numerous studies show
that the application of heat engines in combination
with solar energy makes it possible to obtain a
sufficiently large amount of electrical energy, but the
development of additional thermal energy makes it
possible to speak about quite high rates, since the
combined generation of thermal and electrical energy
increases the cycle efficiency.

Keywords: Stirling engine, renewable energy
sources, thermal energy, efficiency

RESUMEN:

Este articulo analiza la posibilidad de utilizar energia
solar en la Republica de Kazajstan, en particular con
el uso de motores térmicos. Numerosos estudios
muestran que la aplicacién de motores térmicos en
combinacién con energia solar permite obtener una
cantidad de energia eléctrica suficientemente grande,
pero el desarrollo de energia térmica adicional
permite hablar de tasas bastante altas, ya que la
generacion combinada de energia térmica. Y la
energia eléctrica aumenta la eficiencia del ciclo.
Palabras clave: Motor Stirling, fuentes de energia
renovable, energia térmica, eficiencia

1. Introduction

Electrical and thermal energy is key to the humanity. 87.8% of the electricity is generated
at TPPs, where fossil fuel is the source of energy. Unfortunately, fossil fuels are limited. RES
allows saving fossil fuels and reducing the burden on the environment.

Solar energy reaches the surface of the earth in the form of sunrays, which can be disposed
of in two ways: the first is solar collectors for producing thermal energy, the second is the
photoelectric method. The global potential for power generation using the second method

reaches 227 GW, thermal energy 435 GW.
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Solar energy reaching the surface is 105 thousand TW. If you take only 1% of the energy
coming to the surface with an efficiency of 10%, you can get energy in the amount of 105
TW. Given the global growth in electricity demand of 25-30 TW by 2050, the demand for
Kazakhstan is 20,000 MW, the solar energy has great potential.

In the field of solar power there are several approaches to the utilization of solar energy.
Photovoltaic concentrators have an efficiency of 40%, solar panels 20%, and solar thermal
systems provide an efficiency of 40-60%.

Particularly interesting is the use of solar generators in combination with heat engines for
several reasons:

1. Heat engines are the most widely used engine types, therefore they are easier to
implement;

2. They have a high energy conversion rate, at least for the present;
3. High efficiency in the range of 30-40% (in particular Stirling engines).

Based on the analysis performed, it can be concluded that the most effective solution for the
use of renewable energy sources is the use of Stirling heat engines for energy conversion.

The main factors that paid great attention to the development of the system were the
reliability, performance and cost of the system. Therefore, most of researches have paid
attention to the modeling of solar dish based on Stirling engines, to the optimization of high-
temperature heat receiver, to the optimization of the design of Ferreira, to the geometric
properties of the cavity of the receiver. In other studies, attention was paid to various
resonator receiver configurations that increased heat transfer and reduced heat loss, such as
the hemispheric receiver by Tan and Reddy, a cylindrical receiver by Mao and Madadi
Avargani, rectangular by Loni and Spiral coil absorber by Pavlovic’. Studies have also been
conducted on the possibility of using Stirling solar battery systems in various places and in
different climatic conditions. Reducing the cost of a solar concentrator was taken into
account in the literature, which were further evaluated by Bakos.

Despite a number of significant advantages of Stirling engines, they have not yet received
noticeable mass distribution. This is due to a number of circumstances, such as technical

and economic as well as commercial. However, they are becoming increasingly popular in
the leading Western countries.

2. Methodology
The authors have developed the following devices presented in Figures 1 and 2.
Figure 1

Solar generator based
on Stirling engine
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The figure shows a tower solar generator. The solar generator with a Stirling engine works
as follows: in a sunny weather, the sunrays hit the mirrors with sunray reflectors, the
reflected rays get into the heater 4 that is equipped with heat pipes that allow to conduct
the heat that drives the Stirling engine more efficiently, a cooling system with water-gas
heat exchanger cools the internal cycle gas of a Stirling engine, transfers the hot gas
through the heat exchanger to the hot water found in the hot water pipes, which is
transported by the circulating pump to a storage tank where it can stack and be dispensed
to the consumers of hot water. The mechanical energy of the Stirling engine is transmitted
to the electric generator, which transmits electricity to consumers. With an excess of
electricity, it accumulates in the battery.

Figure 2
Autonomous solar generator
based on the Stirling engine
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Figure 2 shows an autonomous solar generator based on a Stirling engine. The sun rays that
hit the reflecting surface of the receiving plate are reflected into the focus in which the
Stirling engine 5 is installed, where the temperature, depending on the size of the plate, can
reach 500 OC. The sun rays hitting the heat receiver with heat pipes 6 heat the gas in the
Stirling engine 5, which activates the engine. The mechanical energy of the piston
movement is converted into the electrical energy by means of an electric generator, which
feeds the circulating pump and transfers electricity to consumers through electric cables in
the bracket. In order to cool the hot gases in the Stirling engine, a heat exchange system
consisting of a heat exchanger with inlet and outlet tubes is provided. The water enters the
Stirling engine through the incoming tubes, the pressure of which is created by the
circulating pump, after heating the water through the outgoing tubes enters the storage
tank. In cases where there is no need for hot water, a valve is installed between the
circulating pump and the storage tank, when closed water will not flow into the cooling
circuit and the heat exchanger. In this case, the efficiency of the power plant in the proposed
invention will be lower.

2.1. Calculation of a simple Stirling engine
The following assumptions were used in the calculation:

1. "Dead volume" was not considered, which reduces power due to lack of work. More details
about the “dead volume” can be found in;

When calculating, a single-piston Stirling engine was taken as a sample;

The working fluid (air) obeys the equation of state of the ideal Mendeleev-Clapeyron gas;
There are no leaks of the working fluid, the mass of the working fluid remains constant;
When calculating the efficiency temperatures in a hot and cold source were used;
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6. There is no temperature gradient in heat exchangers.

When calculating we used the following formula:

ap,.t,Gycosw L D /a
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where a is the absorption coefficient of the receiver, p_cis the reflection coefficient of the concentrator, T_a- the sunlight
transmittance coefficient, receiver irradiance, cosw - the coefficientthat takes into account the Earth’s hour angle in relation
to the sun, € - the body emissivity, o - the Stephen-Boltzmann constant, D- the diameter of the concentrator, r - the radius of
the concentrator, C - coefficient taking into account the darkening from the shadow.

Engine power was calculated according to:

RT;Inr —RT,Inr
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T
The thermal efficiency of the Stirling engine was calculated according to the following formula:
_RT;Inr—RT,Inr
B RT;Inr

n

where R is the air gas constant, T3, T1 are the temperatures of the hot and cold
source, r - Vmax / Vmin is the ratio of volumes in the working process.

3. Results
Figure 3
Dependence of power and efficiency
on the diameter of the solar parabola
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Figure 3 shows the dependence of power and efficiency on the diameter of the solar
parabola. When calculating it was assumed that solar radiation for all cases is equal to 500
W / m2. It is obvious that the increase in the diameter of the solar collector in the form of a
parabola increases the heating of the heat receiver of the Stirling engine (SE). As can be
seen from the figure, a significant increase in the efficiency is observed with a diameter of
1.5 m. A further increase in diameter leads to a slight increase in efficiency of 1.5%
compared with an increase from 1 to 1.5 m, where the increase is 6%. Possibly this change
occurs due to the fact that at these temperatures the air has the optimal values of heat
capacities.



Figure 4
Dependence of power and
efficiency on the solar radiation
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Figure 4 shows the dependence of the Stirling engine power on solar radiation, with a solar
collector diameter of 1 m and a constant temperature of the cold part of 300 K. As can be
seen from the figure, an increase in solar radiation leads to an increase in power, but a
significant increase falls on the value of 600 K. However, the efficiency of the system in
principle is not strictly dependent on the solar radiation.

Figure 5
The dependence of power and efficiency
on the temperature of the cold part
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Figure 5 shows the dependence of power and efficiency of the Stirling engine on the
temperature of the cold part. When calculating, it was assumed that the diameter of the
solar collector is 1 m,the solar radiation is 500 W / m2. It is obvious that the efficiency of a
heat engine largely depends on the temperature at the hot and cold “end” of the heat
engine. The data presented shows that with decreasing temperature differences power and
efficiency fall, having the same character as well.

4. Conclusions

Calculations show that the efficiency of an ideal Stirling cycle can reach 60%. However, in
real cycles this figure will be lower, due to the leakage of the coolant, the friction of various
parts, temperature gradients, the heat loss on heating of metal surfaces, etc. The authors
believe that, while reducing the efficiency to 40-45%, the attractiveness of the proposed
solution to use Stirling engines together with solar collectors will not decrease.

The maximum values of efficiency and power were obtained when the diameter of the solar
collector was 2 m, and they were equal to 0.66, 402 kW, respectively. However, given the
relatively high efficiency, with technical implementation it is possible to use diameters of 1-
1.5 m.

The analysis shows that the size of the solar collectors and the temperature in the cold area
largely influence the efficiency of the engines. The first issue is solved by installing large
collectors. The second issue can be resolved by installing heat exchangers for the heating
system.
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