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Abstract. The research is important to solve the energy producing problem in the field of
energy supply. The paper introduces the new model (scheme) of heat engine for converting solar
into mechanical energy and demonstrates its working process. The aim of the article is to show the
machine’s complete safety for the environment and the prospects, availability, inexhaustibility of
the energy source. Much attention is given to develop the structure of engine scheme. And to
provide theoretical concepts the device was analyzed in details. The results have shown that the
machine efficiently converts solar into mechanical energy by moving the piston. Quantitative
results also have shown that the device does not interfere with functioning. Summing up, it can be
concluded that the new model of heat engine can be used in practice.

Key words: heat engine, solar energy, mechanical energy, energy conversion.

Introduction. Conversion of solar radiation energy into heat (using a thermodynamic cycle
that leads to the movement of an electric generator) which can be used for immediate consumption
of solar energy or for generating electricity, is a profitable way to supply consumers with different
levels of energy depending on its simplicity. Interest in this area of solar energy using has been
growing all over the world in recent years. Solar energy can be converted into thermal, mechanical,
and electrical energy, and used in chemical and biological processes. Solar energy in heating and
cooling systems of residential and public buildings, installations that modify occurring at low,
medium, high temperatures are used in technological processes [1].

Despite all the benefits of solar energy, its use is the most expensive by far. Therefore, it is
necessary to improve existing solar energy conversion technologies in order to increase efficiency
and reduce costs.

The aim of the study is to develop the new model of a heat engine for converting solar into
mechanical energy and to show complete safety for the environment and the prospects, availability,
inexhaustibility of the energy source.

The novelty of this paper is the new model (scheme) of converting solar energy into
mechanical energy.

Expected outcomes. By the novelty of this research, we can increase the output power and
efficiency of heat engines.

Theoretical value. This research will make a contribution to the energy field and can be used
as a source for other researches.
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Practical value. This paper can be used by researchers and engineers who work in the solar
energy field.

Theoretical analysis. Until today scientists continue to prove that solar energy as a low-
potential source is a worthy competitor to traditional energy sources. In this way, the above-listed
advantages of solar radiation which is known as an alternative energy source extensively show the
future prospects of solar energy.

Over the years, much research have been conducted to efficiently store solar energy and
convert it into electrical or mechanical energy. In this regard, the implementation of various types
of integrated photovoltaic systems (IPV), integrated photovoltaic-thermal systems (IPVT), solar
collector and concentrate concentrator can be considered remarkable and applied works [2-5]. But
these engineering technologies for converting solar energy into other types have a number of
disadvantages such as complexity of the design, low power generation, need for huge territories,
expensive construction materials and etc. So researches should continue to improve these
“minuses”.

A combination of two or more thermodynamic cycles can be used in practice to increase the
efficiency of the heat exchange process in heat engines. Currently, there are different types of
thermoelectric materials [6] that convert heat into electrical energy, but their output power and their
efficiency are extremely low [7]. This clause prevents their use in most industrial applications.
Electrochemical heat engines are other devices that convert heat energy into electrical energy [8].
Despite the income from using TREC (thermally regenerative electrochemical cycle) heat engines
have not lost their value: they are environmentally efficient compared to electrochemical systems
and easy to design and maintain. Therefore, to convert solar energy into work or electrical energy it
IS necessary to proceed using heat engines. Here it is necessary to research ways to increase the
efficiency of heat engines which would increase their competitiveness.

Research process. The diagram of a heat engine for converting solar energy into
mechanical energy is shown in figure 1. It has two mechanical devices N, N, — crank mechanisms
with a centrifugal pump. They turn the translational movement of the cylinder rod into the rotational
movement of the pump blades. The pumps drive the coolant in right and left pipelines. Moreover,
the velocity of the liquid v is always directed clockwise regardless of the direction of movement of
the rod. When a piston moving up the valves ki, k4 are open, and the valves k;, ks are in the closed
position. When a piston moving down the valves ki, k4 are in the closed position, and the valves k,
ks are open. Switching valves occurs when the piston reaches the upper and lower extreme points.

X

NN

'l
IJI
P
i
1
I'|I|
o
I
1L

X

,“
Figure 1 - The scheme of the heat engine

Thermostats H; and H, are in good thermal contact with the pipelines and they
simultaneously generate steam or transfer it to a liquid state depending on the temperature.

The pressure in a cylindrical chamber depends exponentially on the temperature. Relatively
small changes in temperature can lead to a significant increase in pressure over a short period of
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time and, as a result, the same increase in the speed of the piston. Therefore, a steady and smooth
movement of the piston requires a resistance force. In this model, this force is taken into account by
the coefficient k and the factor dZ/dt.

The Euler-Kramer method with the second precision mode is used to solve the equations.
The full program code for digital simulation of the entire machine was written in C++.

The operation of the thermoregulation system depends on the geometric dimensions of the
chamber and the physical properties of the light boiled liquid. A cyclopentane (CsHjp) uses as a
coolant. Its molecular weight £=0,07 kg/mol, pressure is 760 mm Hg in Tp=49,26 °C, phase
transition heat L=391kJ/kg, density p=726 kg/m®.

Below in figures 2-4 the results of modeling a thermomechanical system with a coolant
cyclopentane (CsH1o) are presented.
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Figure 4 - Temperature distribution (°C) along the pipeline contour at time t=25 sec

444



At the entire calculation stage strong and almost periodic fluctuations in the pressure in the
chamber are observed (figure 3), the piston (figure 2) and the speed of the coolant. Similar
fluctuations occur at each fixed point of the pipeline contour, in particular, at the locations of
thermostats (figure 3).

The convergence of T," and T,' (figure 3) means heating the cold part of the system and a
relative slight cooling of the hot part. That is the thermoregulation system as a whole performs its
function.

Figure 4 shows the spatial distribution of the coolant temperature along the system contour
at time t=25s.

According to the selected reference points of the X, y coordinates, the final temperature value
T1 (x=6) corresponds to the initial temperature value T, (y = 0). Conversely, the final value of T,
(y=6) corresponds to the initial value of T; (x=0). Thus in figure 4 shows the distribution of the
coolant along the closed pipeline line of the thermoregulation system. In due time this shows its
working ability.

Rapid changes in pressure and temperature can occur in the machine but they are small in
amplitude: pressure differences are at the level of 20-30 kPa and this cannot lead to emergency
consequences.

Conclusion. As mentioned in theoretical analysis chapter currently only a tiny fraction of
solar energy is used due to the fact that existing converters have a relatively low efficiency and they
are very expensive to produce. However, we should not immediately give up an almost
inexhaustible source of a clean energy. The review of modern methods of converting heat energy
with a low potential was conducted in this paper. Whereas the aim of this research was to develop
the new scheme of a heat engine for the production of useful work from the solar energy, it is
proposed in this paper in research process chapter. A model of operation of this machine and a
software code for solving the model equations has been developed. Then the necessary analysis was
carried out, its efficiency was shown. Rapid changes in pressure and temperature can occur in the
machine but they are small in amplitude and this cannot lead to emergency consequences. The
machine can be used in practice.

Solar energy could cover all the imaginable energy needs of mankind for thousands of years
to come. Therefore, the overall share of solar energy was and will remain quite modest, at least in
the foreseeable future. In order for solar energy to be competitive there needs to be research to
increase battery capacity and power, more research into the concentration of solar rays on panels in
order to increase their efficiency and reduce the payback period. The rapid development of solar
energy with the use of innovative global technologies is the main competitor and in 2050 will
prevail in the market of energy-friendly technologies which will provide all the needs of the
population with electric energy by the end of the century.
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[TonroroBka MOJOJBIX KaJpOB MMEET OIPOMHOE 3HAu€HME JUIsl Halleld pecnyonuku. B
HacTosIIee BpeMs B CBETE MOCIEIHUX PELICHUH PyKOBOACTBAa HEOOX0MMO o0palaTh BHUMaHHE Ha
MexnpeamMeTHyto cBsi3b. Panee muHorue IIIIC npu ureHuun nekuuMil ¥ NPOBENEHUHU NMPAKTUYECKUX
3aHATUHM CTapaluCh CBA3BIBaTh MaTepuai ¢ TEeKyIUMH npeameramu. OnHaKo, )KU3Hb TpeOyeT OT
MOJIOJIOTO CIIEUANINCTa MPU HANKMCAHUU HAay4yHOM CTaTbM paccMaTpuBaThb MaTepuai HE TOJBKO B
IIPEMETHOM aCHEeKTe, a yMEThb YyBs3aTb C IMpoOJieMaMM COMYTCTBYIOIIMX IPEIMETOB: IJl€ Mbl
HaXOJUMCsl, KaKyl0 HUIIY 3aHHMaeM, KaKOBa WCTOpUS Pa3BUTUS HAyKU OTPACid, MO KOTOPOH
0akanaBp, MarucTpaHT NOJIy4aeT 00pa3oBaHUE.

B nanHOl crarbe aBTOp OTpaswyl pPa3BUTHE NEPCIEKTHB HCIIOJIB30BAHUSA 3€JIEHOU
SHEPreTUKU JJIs SHEeproodecrnedyeHus: HeOOMbIINX MPEANPHUATUNH U arpapHOro CEKTOpa OTIENbHBIX
PETHOHOB CTPaHBbI.

DKosoruyeckre mpodaeMbl MIaHETAPHOTO YPOBHSI M BEPOSITHAs MEPCIEKTHBA HCTOIIECHUS
TOIUIMBHBIX M SHEPreTUUECKUX PEeCcypcoB 3€MJIM BBI3BIBAIOT BCEMHUPHBIH POCT HOBOM SHEPruu Ha
OCHOBE HIMPOKOT'0 HCIIOJIb30BaHHUs BO30OHOBISEMBIX MCTOYHUKOB SHEPTUM IUIAHETHI: COJIHEYHOMH
paauanuu, BeTpa, NOTOKOB BOJIbI, F€OTEPMAIbHON SHEPTUH U T.Jl. A COJIHEUHAsl SHEPIUsl Ha JaHHBIN
MOMEHT SIBJISIeTCS caMoi mepcreKkTUBHOU. 3a pybexom crposarcss COC OrpoMHBIX MacIITaboB,
MOKPBIBAIOT COJIHEYHBIMU OaTapesMy KpBIIIM JIOMOB B YacTHBIX cekTopaX. CojHeuHas SHeprus
NHUTaeT MHOTHE MOPTAaTUBHbIC yCTpoiicTsa [1].

OTH TEHJECHLUHU TaKXke OTpakeHbl B JHepreruueckoil crparerun Kazaxcrana Ha 2030 ron.
Crparernyeckue LEIM MHCIOIb30BaHUA BO30OHOBIIIEMBIX HCTOYHHUKOB JHEPTUUM U MECTHOTO
TOIUIMBA ONPE/EIICHHBIE B 3TOM JOKYMEHTE:

® yMEHbIICHHE 3arpsA3HEHHs NpPUPOABI M aTMocdephl, TA€ 3TO HEOOXOOUMO, [UIs
YIOBIIETBOPEHUS PACTYLIETO MOTPEeOICHUs YHEPTUH;

® COKpallieHue MmoTpedsieHuss pecypcoB U no0buu. Pacxom HedTH, yris m HemzOexHOE
UCTOIIEHHUE €ro 3aIlacoB;

® 3AIUTHUTH JIIOJIEH OT BPEIHBIX BBHIOPOCOB 3a CUET COKPAILICHMS 3€MJICTIONb30BAaHUS U
CHIDKEHHUS PacxXo/10B Ha 37JpaBOOXPAHEHUE;

® CHIDKEHHE 3aTpaT Ha TPAHCIIOPTUPOBKY JIEKTPOIHEPTHH U HE(PTH;

® [Iepexo/] Ha HOBbIE BU/Ibl NCTOYHUKOB PHEPTUH U OTKA3 OT TPAJULMOHHBIX PECYPCOB.

MOBBIIIEHUE HAJEKHOCTH DSHEPruu, M ee TIepenaud, Onarofaps BHEIPEHUIO HOBBIX
TexHoJoru# [2].

CornacHo TEeKyIIUM OLIEHKaM, TEXHUUYECKHI pecypc BO30OHOBIISIEMBIX HCTOUHUKOB SHEPTUH
(OONBIIMHCTBO W3 KOTOPBIX MOTYT OBITH HCIOJb30BAaHbl B COJHEYHON M BETPOBOM D3HEPIUH)
COCTaBJISIET HE MeHee 4,5 MIIpA. TOHH YCIOBHOIO TOIUIMBA B TOJ. DKOHOMMYECKHH MOTEHIMAI
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