PHY SICS AND CHEMISTRY OF SOLIDSTATE
V. 18, Ne 3 (2017) P. 372-375
DOI: 10.15330/pcss.18.3.372-375

VJIK 621.362+ 621.383

OI3UKA I XIMIA TBEPAOI'O TUIA
T. 18, Ne 3 (2017) C. 372-375

ISSN 1729-4428

V.V. Prokopiv, L.I. Nykyruy, O.M. Voznyak, B.S. Dzundza, 1.V. Horichok,
YasS. Yavorskyi, O.M. Matkivskyi, T.M. Mazur

The Thermoelectric Solar Gener ator

Vasyl Sefanyk Prekarpathian National University,
Shevchenko Sr. 57, Ivano-Frankivsk, 76018, Ukraine, e-mail: prkw@i.ua

Developed a comprehensive system for generating of electric energy “Thermoelectric generator — solar
collector”. The Sh doped PbTe (n-type of conductivity) and triple compound PbSnTe (p-type of conductivity)

were synthesized as basic materials for thermocouples.
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I ntr oduction

Solar energy is the renewable energy sourcesthat are
free and available throughout the year. But, we must
note, that should distinguish between the energy that can
be obtained through solar radiation and solar heat.

Now the spectrum of solar radiation is efficiently
converted into eectricity through photovoltaic panes
(monocrystalling, polycrystalline, or thin film systems).
One of the variants of devices that collect the heat into
solar energy is the solar collectors, which are used for
heating and domestic hot water supply facilities,
production processes, household needs.

On the practical use of thermodectric effect to
generate of eectricity (effect of Seebeck) it is important
that it has place for renewable energy and for non-
renewable [1]. In the first case as a source of the heat can
be used, for example, the direct solar heat. Focus of solar
power (using special surfaces, systems lenses, mirrors)
allows to significantly increase the efficiency of the end
device — generator.

Thermoelectric effects are describes by many
publications. The main issues, that currently stands in
front of thermoelectric society are improve of the
properties of thermod ectric materials and reduce the cost
of modern thermoeectric materiads. To improve the
properties, there are varieties of ways creating
multicomponent or composite materials [2-4], or
transition from the bulk of materias to nanostructures [5,
6].

The authors of this work suggested the constructive
solutions with the purpose of use of the solar collector to
heating of thermoel ectric module and the next generation
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of eectricity. Such indalation is reativdy smal,
mobile, and, most importantly, it can work outside of the
network systems of power supply to provide e ectricity to
small industrial or household needs.

It should be noted, today the cost of 1 Watt of the
generated of thermoelectric energy is approximately
1USD that is comparably with the cost of eectricity
generated by photoelectric pands [7, 8]. Though it
should be noted that this cost takes into account only
generate of thermoelectric energy and its following
transfer for load (without batteries). And, the source of
heat for generating of thermo-electric energy is exhaust
heat, or the heat of the Sun or the Earth entrails, which is
free for people. In this case the low efficiency of the
industrial thermoelectric device (4-7%) does not become
an obstacle to the devel opment thermoel ectric in general.
Moreover, in modern's hybrid systems are possible to
reach a sufficiently high efficiency. So, for complex
system “Solar collector — Thermoelectric generator”, the
authors [7] report about efficiency of 23 %, and in [10]
even reaches up to 40 %.
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Fig. 1. Photograph solar thermoel ectric generator.

|. Experimental installation

Photos of the congtruction of the solar thermoel ectric
generator (STAG) show on fig. 1. It combines the
vacuum therma solar collector with thermoelectric
generator (TEG) as well as solar pand for possible
compare of results.

A test version of the solar collector are consists four
vacuum tubes with diameter of 58 mm and length
500 mm (fig. 1). Collected heat through the heat pipe is
passed to condenser which incorporated the design of the
welded copper plate for placement the thermoelectric
module. For drain heat from “cold” surfaces of the
thermoel ectric module used the radiator with fan (fig. 2).
All thermointerfaces are covered with heat conductive
paste KPT-8.

Fig. 2. Photo with thermoelectric module occur on the
condenser of vacuum collector.
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[1. Thermoelectric modules

Structuraly, the thermoelectric module is made in
the form of the matrix of thermocouples of the p- and n-
type of conductivity which are connected in series. To
ensure of electric contact used copper plates that are
soldered to the thermoelement. The thermoelectric
moduleis protected by heat-transfer ceramics on the both
Sides.

Semiconductor components of thermoe ectric modules
were received by the method of cold pressing with
subsequent annealing. Compaction powder was milled in
in ball-mill from synthesized polycrystaline ingots in
plangary ball mill Pulverisette 6. The synthess was
carried out in the evacuated quartz ampoules to the
resdual pressure 10 Pa. Ampoules were carefully
cleaning, including washing by mixture of HNO3:HCl and
repested aternatdly washing with rubbing alcohol and
distilled water, drying in the furnace at T = (420 - 470) K.
On next stage these ampoules filling in garting from the
mog volatile component. For the synthesis was used the
initial materids with content of man component
99.999 %.

For recelving legs of n-type of conductivity using
material based on lead telluride doped by antimony, and
for p-type of conductivity using materials on the basis of
solid solutions lead-tin-telluride. Optima size fractions
was in the range of (50-500) um, under pressing
(1-2) GPa, the annealing temperature was (300 -
500)°C.

Each module contains 16 thermoelements with
diameter of 8 mm and height of 5 mm. They are placed
in square matrix 4x4. Dimensions of the module consists
of 45x45 mm. The thickness of the copper circuit plates
was 0.3 mm, thickness of ceramics 1 mm.

[11.The control system

Electric control system is designed based on the
microcontroller ATMega8A. It provides the charging of
the built-in battery for thermoelectric modules and solar
photovaltaic pands, the work of two USB outputs (5V,
2 A) for charging of mobile devices or other load. On
four-row liquid crystal display can be withdrawn the
generated and consumed power, voltage, current, and
temperature of “cold” and “hot” surfaces of
thermoel ectric modules.

The dectric circuit diagram of the control unit is
shown in Fig. 3. Electrica voltages are measured using
the built microcontroller of the 10-bit ana og-to-digital
converter. The source of the reference voltage selected is
precise chip LM4040C30. Currents measured by integra
sensor ACS712E. The temperature was measured using
two thermocouple and integra sensor DS18B20.
Generated energy from photovoltaic panes and four
seria connected thermoel ectric modul es through the DC-
DC converter is used to charge the built-in battery and
two USB outputs. Maintain stable temperature gradient
on thermoelectric modules controller can turn fans for
improve heat dissipation from radiators on the “cold”
surfaces.
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Fig. 3. Electric diagram of the control system.

V. Experimental results

In table 1 ae shown the thermoeectric
characteristics of thermoelements.
Model of the photodlectric cell can be represented in
the form of schema, shown in Fig. 4, and it provides a
source of current, diode and resistance Rp and Rs.
Photodlectric cdll closes the circle through the diode (if
the circle of open), and external load (closed circle). The
value of the resistance of the resistor Rp is high, and the
resistance of the resistor Rs, by contrast, is very low.
Maximum power can be obtained if the resistance of the
connected load is equd to the internal resistance of the
photovoltaic cell.
Tablel
The value of thermoel ectric parameters (coefficient
Seebeck S, specific dectrical conductivity s, coefficient
of thermal conductivity k, and thermoelectric figure of
merit ZT) of received thermoe ements.

Type

S,

k

Materid simple S nviK om?em? W/(cr’n K) T
PbTe(Sh) n 250 250 0.01 0.8
PbSnTe p 90 350 0.005 0.3

Model of eectrica circuit thermoelectric module
shown in Fig. 4. This model is similar to eectric scheme
model of photovoltaic panel. The current increase causes
to growth of the power, which is spent on internal load. If
between the surfaces of the thermoelectric module
creates a temperature difference, then an electric current
flows through the load and is fixed with a certain electric
power [1].
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Fig. 4. Equivalent electrical circuit of the photoe ectric
cell (a) and thermoe ectric module (b).

Voltage open circuit, which fix the thermoelectric
modules, varies parabolic depending on the temperature
difference between the surfaces (AT = Ty-Tc). Maximum
power for the thermoelectric module is expected when
the resistance of the connected load is equal to the
internal resistance of the thermoel ectric
modul e/generator.

Experimental  measurement were carried out at
ambient temperature 25°C. Solar radiation flux density
was 2kW/m?. The maximum capacity of the
photovoltaic pand approximately amounted to 6.3 W,
resistance load 5O0Ohms, the voltage value of the
measured current and thus equaled, respectively, 1.1 A
and5.5V.

Measured temperature difference on thermoe ectric
moduleswas AT = Ty - T¢ = 115°C — 40°C = 75°C.

Accordingly, recorded in thermoelectric power
thermoel ectric generator was 0.5 W.

Conclusions

1. Developed the design of the system for direct
conversion of solar thermal energy (based on solar
collector) into eectricity through the use of
thermoel ectric generator.
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2. Received effective thermoelectric materials of
the n- and p-types of conductivity for use as active
elements for solar thermoel ectric generator.

3. Deveoped the measurement’s block of initial
parameters and automated control for  solar
thermoel ectric generator.
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P0o3p00i1eHO KOMIUIEKCHY CHUCTEMY I'€HEpYBaHHs EJIEKTPUYHOI eHepril «TepMoeneKTpuYHUi reHeparop —
COHSIYHHI KOJIEKTOp». Y SIKOCTI MaTepialliB BUXiJHUX TEPMOENEMEHTIB CHHTE30BaHO Jieropanuii ctubiem PbTe
(n-Tun npoBinHOCTI) Ta MoTpiiiHa cionyka PhSnTe (p-tum).

Ki1ro4oBi c/10Ba: TepMOENEKTPUYHNI FeHEPaTOp, COHSMHUN KOJIEKTOp, INIIOMOYM Telypul.
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