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Abstract

Energy crisis and environmental pollution caused by reduction of natural
resources is the most urgent problem among the global problems that the world is facing
now and that needs prompt solution. Thus, the priority issue now is designing such new
technologies which will effectively use renewable sources and at the same time will not
pollute the environment.

Development of energy conversion systems and their introduction on the basis of
Sterling thermal engines may be considered as one of the most perspective directions
for solving the ecological and energy problems. In this direction active is carried out
in the following centers: Worcester Polytechnic Institute, Worcester, MA, USA; Sandia
National Laboratories, Albugerque,NM, USA; Lewis Research Center, Cleveland, OH,
USA; Mechanical Engineering California State Politechnic University, Pomona, CA, USA,
etc.

The objective of the study is conversion and accumulation of heat power
during maximum solar intensity period in such a form which will have high specific
density of the accumulated energy and long storage period.

In particular, the heat conductor circulating in solar collector loop will be heated
up to the temperature of 200-300°C on the account of the heat energy and then used as
the energy source for Stirling engine, and the energy obtained by Stirling engine will be
stored for a long period.

Stirling engine is the unique heat engine as it has high thermal-dynamic
effectiveness and is the most ecologically clean engine among the other engines. Stirling
engine is also specific due to its universality to use the source of the heat energy. This
source can be any heat energy with respective temperature, for instance solar energy,
accumulated heat energy, combustion product energy, etc.

Currently, numerous Stirling engine designs and the structures of particular units

are developed. In order for the engine dimensions to be acceptable at given capacity and
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outside and inside heat transfer of the actuating medium to be effective, it is necessary
that the average pressure of the cycle to be significantly higher than atmospheric. Such
high pressures create specific problems which are associated with:

- sealing of the actuating medium

- design stress of the high temperature heat exchanger (heater)

Special expensive and technically complicated solar concentrator with Stirling engine
located in its focal point will not be used in the energy conversion system proposed by
us. Such a combination is not desirable to avoid the complication of the entire structure.
Besides, the concentrator itself needs to be equipped with an independent drive for
moving purposes.

While creation of an engine, liquid-metal pistons will be used that significantly
simplifies and makes cheaper creation of an engine. Liquid piston does not need precision
manufacturing of cylinders that gives significant preference compared to common hard-
piston Stirling engines. In any version, at engine functioning, it is necessary to set a piston
in a cylinder with minimum spacing to reduce as much as possible passing of actuating
medium from one area to another. These requests bring us to the serious problems in case
of high temperature cylinder. The conducted experiments have shown one more big
preference of liquid piston usage especially in high temperature heat exchanger. At
movement, a piston completely fills existed in heat exchanger gaps and accordingly, there
are no dead volumes in these areas. Dead volumes stay only in regenerators. Besides, at
contacting liquid with gas (actuating medium), heat exchange intensification is carried out
at the expense of contact heat exchange. Accordingly, compression and expansion
processes are going maximum isothermally.

Obtaining hydrogen with water electrolysis and its further use for various
purposes will be very well used in complex with the engine. Of course, the electrolysis
process itself needs perfection and its efficiency should be improved too, that is the

subject of a separate study. Regardless of the low efficiency, this method is attractive
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because accumulation of energy does not depend on the parameters of generated energy,
has high specific density of the accumulated energy (in form of hydrogen — H,, with heat
capacity 10800 kJ/m*) and long-term storage capability. Further, the obtained hydrogen
can be accumulated in natural gas lines being mixed with existed gases or can be
converted into the electric power by using of thermal elements in vehicles.

The studies run in this direction should stimulate the wide use of huge energy
which we have during active solar radiation period. The entire system should compose of
simple and cheap elements having long life.

We believe that the results obtained as a result of implementing the project
will significantly contribute to the wide development of the potential of the renewable

energy sources.
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