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Abstract: The paper introduces the image of the functiomhyindamental thermodynamic processes that argresh
for the gas working action. It systematizes thediaapon forms of renewable energy resources aad tideir potential
for objective topic. The application of the objeetitechnology is developed by various technicaladsvthat demand
their further development in order to improve thiéaation. The major attention is paid especiaththe solar radiation
which represents the renewable resource of eneygyel as it becomes the supporting element ofrokbrens, for
instance biomass, the wind energy, etc. The parthe place of biomass potential valuation, el vWhere would be
possible to start the revolution in the scope ef itidividual electrical industry in Slovak repubbyg partial biomass
application on the objective technology.

1 Introduction, the principle of Stirling 2 Piston movement in the Stirling engine
engine operation "The Stirling engine operates with an indeterminate

"The Stn‘“ng engine is an examp|e of an engin@w'ﬂ hermetica”y sealed volume of Working gas, whicksinot

external fuel burning. Invented and patented in61Bg change with the surroundings but flows betweeretiggne

Robert Stirling. The principle of the Stirling engiis rollers and the heat exchanger, condenser andeeger!

based on four cyclically-recurring thermodynamic@s shown graphically in Picture nr. 2 [1,4,5].

behaviors, which are graphically displayed in Rietar.2

in the p-v and T-s diagrams.
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% Figure 2 Piston movement in the Sirling engine
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Figure 1 Thermodynamic events occurring during the Stirling
cycleinthe p-vand T-s diagrams

"As a regenerator, a wire or ceramic grid can kelus
which has high heat capacity and low thermal cotidtyc
and serves for the temporary storage of thermabgne
éAt the start of the first altimeter, running fronoipt 1 to
point 2, all the working gas is at the temperafutend the
pressure pl in the left chamber of the piston. \Withheat
upplied from the temperature source T1, the worigas
eats up and thus the left piston is moved outveesrd
result of isothermal expansion, and a useful werlldne
when the pressure drops.

During the second one, running from point 2 to p8in
the two pistons in the isochoric regeneration mawvéhe
ame speed to the right while the working gas lisef
rough the regenerator into the right cylinder rabar.
During extrusion through the regenerator, the gasoled
from T1 to T2 with T2 <T1.

A first run running from 1 to 2 is afsothermal
expansion in which the working gas is heated by th
continuously heated walls of the engine's hot clamb

A second run from point 2 to point 3 isochoric
regeneration, which involves the internal transfer of heaﬁ
from the working gas to the regenerator.

A third run running from point 3 to point 4 is
isothermal compressionin which the heat from the
working gas is fed to the heat sink.

The fourth run from point 4 to point 1 isochoric
regeneration in which the working gas is heated by hea[
from the regenerator "[1-3].
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During the third act, running from point 3 to poiit 2. using lenses:
the right piston moves inwards and compresses the a) lenses-coupling.
working gas whose pressure is increased as a result
isothermal compression, while the heat from thekiwagr 3.1.1  Parabolic mirrors concentration
gas is drawn through the cooler to the surroundings The principle of beam concentration in reflectionai

Eventually, during the fourth act, running frommqtod  parabolic mirror is as follows.
to point 1, the pistons move at the same spedtatame
time to the left while the working gas is forceddigh the
regenerator where it is heated from T2 to T1.

This closes the cycle, whereby the total heat gngm
that the working gas passes in the regeneratongltiie
second 2-3 is the same as during the act 4-1 wteegds
is heated.

The performance and efficiency of the Stirling erayi
depends on the ratio of the size and stroke voloiteth
pistons, expansion and compression over a cyclejelis
as the design of heat exchangers and regenerft@s"

"With the development of the Stirling engines, the
engine has fallen into oblivion, but a better knexnlge of

the thermodynamic events taking place in the S8grli Figure 3 Parabolic mirror reflection
cycle, as well as the possibility of using new mate in
its design, suggest that Stirling's new enginelvalhble to Picture nr. 3 shows how the light rays coming fithie

compete very well with the classic spark ignitiorgiee. left reflect the hollow sphere and concentrate single
The great advantage of the Stirling engine is ighh point marked F, the focus of the mirror. In thisus of the
efficiency, which is stated above 40% in top engirieis mirror, a Stirling engine heater is located, where
not necessary to use noble fuels for its drive, lbas concentrated sunshine reflected from the mirror &as
valuable fuels, renewable energy sources or wasé hdiameter of up to 17 meters in some types. Radidto
from different plants can also be used. Stirliregigine is densified to one point [8].

less loud than spark-ignition engines. It is easy&intain

and is characterized by long-term reliability. Its At this point temperatures of 600 to 1200 degrees
shortcomings are bigger dimensions, bigger weighkta Celsius are achieved. The efficiency of sunligimwersion
longer start time that moves in a few minutes. espese to electrical energy when applying the Stirling iergin
shortcomings, Stirling engines of the new genenatian the parabolic focus is 31.25%. When using photeiolt
be expected to find wider application, especiallyglation panels made of polycrystalline silica, the effiggnis

to the use of renewable energy sources" [1,7]. between 12 and 14%.

3 Means of renewable energy applications

for the Stirling engine
Applying heat from renewable energy sources orevas
heat that would not be used at all means drivied3tirling
engine and producing energy without producing oth¢
greenhouse gases.

3.1 Application of solar energy
The application of solar energy requires in thi,
technology in question certain technical equipnvemich
must be ensured for continuity of operation. - = : e |
The concentration of sunlight is divided into twogps: : = =it
1. concentration of sunlight using mirrors,
2. concentration of sunlight using lenses.
Figure 4 Grouping of planar mirrorsinto a parabolic shape
1. using mirrors :
a) parabolic (hollow mirror), In Picture nr. 4, a group of 82 mirrors is concated
b) a set of planar mirrors. into 1 focus. Each of these devices can producdoup
60,000 kW of electricity annually. Over the next/fgears,
more than 70,000 Sun Catchers will be exposed rimysu
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California, which can produce electricity for upltaillion  3.1.2  Concentration using clutch lens

high-energy US households [9]. The flow of light rays through the clutch lens iedted
from left to right (Fig. 5). On the right, afterahens
passage, the beam is grouped in a focal point rddfke
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in some aquatic plants, hyacinth up to 95%. Oncther
hand, the water content of coal is between 2 af6l. Ebr
this reason, the biomass energy at the time oéctidin is
usually lower than that of coal. However, the chehi
composition of biomass makes it a substantially enor
environmentally friendly fuel than coal. This idated to
the fact that biomass has a lower sulfur contesm goal.
The ash incineration content is also lower tharn, cbad
the ash does not contain toxic metals and other
contaminants and can be used as a fertilizer outrient
content"[11]. From our experience, we can conclinde
biomass derivatives have the greatest potentiarins of
calorific value and water content of straw, whosstewr
content reaches only 15% and energy gain up to 4 kv
Interesting fuel, but the product of plant prodaetis rape
oil, whose energy gain is 10.3 kW / kg.

Figure 6 Lightening the light flow to 1 point by the lens coupling

i . 3.2.1 stirling's engine powered by biomass fuel
In the Fig. 5 and Fig. 6 we can observe the compared with traditional fuels that heat the Bl
condensation of the heat flux of the solar radiatientered engine heater, they are on the other hand, the oftee

in the focus by the clutch lens. This system Ity little i 455 products. In this context, biomass prodtarishe
used in the production of electr|C|_ty by Stirlinggnes, as | nderstood in particular as: wood sawdust, woogs;hi
a considerable amount of money is needed to praslude straw, wood waste, bio oils.

a lens [10]. The mirror is the much cheaper form. A unique and successful cluster of scientists and
L . engineers in Stirling engine powered by biomassldvou
3.2 Utilization of thermal energy by combustion of  find up to 1,600 km towards North in the capital of
biomass Denmark, Copenhagen, at Stirling DK, a Danish Tetin
"Because of the different forms of biomass, theg@yne Uuniversity. Their interest is mainly in the Stigjrengine,
contained in it is different. The energy contendigfplants  which could operate in separate buildings and am th
(moisture content 15-20%) is about 14 MJ / kg.¥FdHly  principle of cogeneration would provide energy -self

biomass can be compared to coal with a calorifioevaf  sufficiency in the field of heat and power geneati
10 to 20 MJ / kg for brown coal and about 30 M ffidr

black coal. At the time of collection, however, tiemass 4 Conclusion

contains a considerable amount of water ranging 8do The engine was designed for low maintenance argd lon
20% for straw, 30 to 60% for wood. The water CONEN  gqjice Jife. The engine is rated at 100,000 wagkipurs
the manure from which biogas is obtained is 750&b @nd ’ ’
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which means approximately 4166 days, ie over 1tsyea  Mechanical Engineers. pp. 1132-1136.

with service intervals every 4000 to 8000 houss, évery Bibcode:1974iece.conf.1132C, 1974.

166 to 333 days. [4] COOKE-YARBOROUGH, E.H.:Heat Engines, US
The original proposal was based on 15 years of R &  patent 3548589. Granted to Atomic Energy Authority

at the Technical University of Denmark, Copenhagen. UK, 22 December 1970, 1970.

engines have been designed and tested for ovef®0,05] COOKE-YARBOROUGH, E.H.:A Proposal for a

hours. Research and development is currently geared Heat-Powered Nonrotating Electrical Alternator,

towards increasing efficiency and implementing deas. Harwell Memorandum AERE-M881, 1967.

In Chapter 3.2 and in Chapter 3.2.1, | presentiegipdns [6] CHUSE, R., CARSON, B.Pressure Vessels, The

that are addressed by scientists and students eat th ASME Code Smplified, McGraw—Hill. 1992.

Technical University of Copenhagen, Denmark. [7] FINKELSTEIN, T., ORGAN, A.J.: Air Engines,

Professional Engineering Publishing, 2010.
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