Vol.6
International Engineering Journal For Research & Bebelopment ,ss?,e 5

THERMOELECTRIC GENERATORS, PROBLEMS AND WAYS TO INCREASE

THEIR EFFICIENCY
s F. Ergashev, °D. T. Mamadieva, M. Yu. Khasanova
Fergana Polytechnic Institute’, Tashkent University of Information Technologies Fergana Branch?®

ABSTRACT

The article analyzes the design features, technological problems, methodology for calculating the technical and
energy indicators of solar thermoelectric generators. Ways to improve the most important properties of
semiconductor material and energy efficiency of a thermoelectric generator are also given.
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The development of a thermoelectric method for converting energy is characterized by a surge in scientific and
technical research and engineering developments at the beginning of the second half of the 20th century,
followed by a decline in scientific and technical activity by the end of the century. This was due to both
technical and technological difficulties that arose in the practical implementation of the thermoelectric method
for converting energy, and the successes and advantages of alternative directions (machine, photoelectric
methods for generating electricity, compression based on freons - for producing cold). [1,2,3]

However, the accumulated positive experience of long-term practical operation of various thermoelectric
devices and the emergence of new, more efficient semiconductor materials - on the one hand, a long service life,
multifunctionality, low cost - on the other, in the light of modern problems and promising tasks of small-scale
power engineering, today they raise the question of the need revising priorities and highlighting areas of
application, where the advantages of thermoelectricity can make it a determining factor when choosing a device
for generating electricity [5,7,9].

TYPES OF THERMOELECTRIC GENERATORS USED
Fuel: heat from fuel combustion (natural gas, oil, coal). Radioisotope: heat from decay of isotopes

(decay is not controlled and work is determined by half-life).
= Nuclear: the heat of an atomic reactor (uranium-233, uranium-235, plutonium-238, thorium), as a rule,
there is a thermoelectric generator - the second and third conversion stages.
= Solar: heat from solar collectors (mirrors, lenses, heat pipes).
= Utilization: heat from any sources that emit waste heat (exhaust and furnace gases, etc.).
The current state of the energy sector, along with the improvement of traditional methods of energy conversion,
is characterized by the search for alternative ways based on the use of solar energy, utilization of waste heat,
rejection of polluting methods, etc. One of the ways to use thermoelectric converters to convert heat into
electricity is to install a battery of thermal modules in heating installations for household use (heating boilers,
hot water installations, warm air generators, etc.), while no costs for heating and cooling the thermopile are
required. This will increase their autonomy and reliability, primarily in places of permanent or temporary power
outages. Similar devices can be used in catalytic heat generators operating on the combustion of both high-
calorie and low-calorie fuels, as well as various wastes containing combustible components. The latter
circumstance, as well as the small size and rather high mobility of such installations, together with the
possibility of simultaneous production of electricity without resorting to the help of gasoline-electric or other
units, can make such installations attractive to various consumers - from agricultural producers to departments

of the Ministry of Emergency Situations.
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A solar thermoelectric generator is a modification of a solar power plant that converts solar energy into

electrical energy.
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According to the method of density concentration,
solar thermoelectric generators are optical and panel. Solar thermoelectric generators are used to provide energy
to devices with low power, no more than a few hundred watts (for example, spacecraft, some agricultural
devices).

Basic formulas and ratios for determining the parameters of TEG [4,8,12]

In order to create a temperature difference on the sides of the generator module, it is necessary to bring the heat

flux Qh to its hot side and remove the heat flux Qh from the cold side, and their difference, according to the law

of conservation of energy, will be the generated electric power P.

P= Qh_ Qo )

On an external load - the U -TEG creates a voltage U on the internal resistance of the generator:

U:E1234_IXR’

I xR, =E,, - I xR

WJIN OF 3)
Amperage | in the circuit is determined by the expression:
| = 2NxaxAT 2N xaxAT
R+R, R@+m) , @)
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The voltage across the load is:

ra

U =1xRn=2NxaxAT —*
(1+m)

The power supplied to the external circuit can be calculated using the following formula:

2 2
P:IxU=(2Nxa) x AT L m

R (1+ m)2

The efficiency of the thermoelectric is estimated by the coefficient of useful action:
n=PIQ,

(6)
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To ensure the efficient operation of the

35 X V/_\ - "L ——T TGM, it is necessary to ensure the maximum

3 ) —= = permissible temperature difference between the sides

2? / /// - — of the module; for this, heat must be supplied to one

15 / 4__\\\ g side of it ( Qh),'and on the other, it is necessary to
—

0'51 //\ I~ I A\N Ty ensure effective removal of heat energy (Qh). The

V electrical power at the load is directly proportional to

Op 05 T 15 2 25 3 35 4 45 &5

the square of the temperature difference AT:
P=Q,-Q,= |2><RH ~AT?

Example of dependence of TEG characteristic on
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To achieve maximum power, the electrical resistance of the load must be equal to the internal

resistance of the generator module under operating conditions.
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Choosing the parameter m in a certain way, you can change the efficiency, while the electrical power
that can be obtained from the thermoelectric generator will change (Fig ...). The maximum power from the TEG

can be obtained when the external and internal loads are equal, and the maximum efficiency is achieved at m =

1.3-14.
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of the generator module. [18] satisfies the industry with its properties.
The most important properties of a semiconductor material for thermoelectric generators are [7.9]:
= Coefficient of useful action: the highest possible efficiency;
»  Manufacturability: the possibility of any types of processing;
=  Cost: absence of rare elements in the composition or their smaller amount, sufficient raw material
base.
= High coefficient of thermo-EMF
=  Low content of toxic elements (for example: lead, bismuth, tellurium, selenium) or their inert state (in
the composition of alloys);
Ways to develop and improve Coefficient of useful action [5,7,9]
= Effective thermoelectric material:
= Conversion efficiency, thermo-EMF, plasticity, thin-film design.
= Unification of units adapted for different applications.
=  Wide temperature range to utilize high potential heat and therefore increase the convertible heat
output.

Thus, the relevance of the use of thermoelectricity for scientific, industrial and domestic purposes does not
weaken, passing from the stage of scientific research to experimental design and practical implementation of
specific technical solutions. At the same time, taking into account the design features of thermal modules in
combination with various heat and power devices, the task of choosing the optimal characteristics of
thermopiles is constantly becoming more complicated due to the need to take into account both previously

identified side factors and the appearance of additional effects due to the design features of a particular device.
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