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Abstract. The paper considers the model of the heat exchange process during the use of a
thermoelectric generator for utilization of the residual energy of the flue gases of the household furnace,
which allows to obtain electric energy for domestic consumption. As a result, the dependence of thermal
energy extraction power on the area of the inner surface of the generator is obtained, from which it
follows that the use of Altek-1024 modules in the amount of 3 pieces makes it possible to extract power
from flue gases of about 1 kW. The corresponding estimated amount of electricity is 100 watts. This
value, on average, exceeds the minimum rate of electricity consumption of an individual house.

Keywords: thermoelectric generator, heat exchange, mathematical model, household stove,
recuperation, flue gases.

Reducing the world's stocks of fossil fuels and making them more expensive make it necessary to
reduce the energy costs of buildings. The most expensive for an individual family is a heating system,
without which no house can do. In Ukrainian villages, in most cases, underfloor heating is used. Such
heating has a very low efficiency, but also has an advantage in a wide range of fuels: coal, peat, firewood,
etc. In most cases, cheap fuel compensates for the low efficiency in financial terms. To this advantage
can be added the generation of electricity through the use of a thermoelectric generator (TEG), which
connects to the chimney and uses the energy of flue gases. To confirm the feasibility of using TEG for
energy recovery of a domestic heating furnace, it is necessary to perform mathematical modeling of the
corresponding heat transfer processes.

Recently, the possibility of utilization of heat emitted by various heating sources using TEG is
being studied very widely. Thus, the study [1] aims to develop a 50-watt thermoelectric generator for
the use of low-quality heat in cooling systems of industrial processes and highly active radioisotope
sources. In [2] the possibilities of equipping wood stoves with thermoelectric generators were studied.
Tests were performed in the laboratory, which showed that during normal operation, the oven will emit
approximately 28 W/h. There is a significant amount of research on thermoelectric materials, the
operation of various heat exchangers, various designs of thermoelectric generators (including
a description of the rules of their design), opportunities to improve future high-temperature
thermoelectric converters [3]. However, a mathematical model of the direct use of the energy of the
exhaust gases of a domestic stove, in which biomass is burned over an open fire, has not yet been
considered.
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The paper considers a mathematical model of the heat exchange process during the use of TEG
for utilization of residual energy of flue gases of a household furnace, which allows to obtain electric
energy for domestic consumption.

The thermoelectric module (TEM) manufactured by the Ukrainian company Altek-1024 is chosen
as the basis of the generator. The radiator is calculated on the maximum power of TEM. It must provide
a temperature not exceeding 50 ° C (recommended according to the passport data of the module) of the
cooled surface of the TEM. An appropriate mathematical model of the heat transfer process in a
thermoelectric generator has been created. Solving the thermodynamic equations, we obtain
the dependence of the power of the TEG P on the working surface area S of the thermoelectric element.
As a result, it is possible to plot the dependence P(S), shown in Fig. 1.
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Fig. 1. The dependence of thermal energy extraction power from the area
of the inner surface of the generator

The maximum power passed through the Altek-1024 module is 330 watts. From the obtained
dependence on fig. 2 it follows that using such a module in the amount of 3 pieces with a housing area
S =0.25 m? (its corresponding length L = 31 cm), the power that can be extracted from the flue gases of
a household stove using a TEG is about 1 kW.

Based on the fact that the value of the efficiency of the generator, approximately, can be
considered equal to 10%, the corresponding estimated amount of -electrical energy will
be 100 watts. This, on average, covers the minimum rate of electricity consumption of an individual
house. Thus, thermoelectric modules built into the heat exchanger between the chimney and the
hot water tank can power the exhaust fan as well as produce a small amount of energy for other
main purposes.

As a result, the problem of increasing the energy efficiency of the heating system and the
simultaneous production of electricity for domestic consumption is solved.
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Mopens mnpounecy Tema1000MiHy B TepMOeJeKTPHYHOMY TeHepaTopi mix 4ac yruiisamil
eHeprii IMMOBHX ra3iB mo0yToBOI ONAJIOBAJIBLHOI Mevi

Jliteinoa M. B.!, IlItansko O. [1.2

HarmionanbHuit  yHiBepcuteT KopabieOyayBaHHS iMeHI aaMipana MakapoBa, M. Mukonais,
Ykpaina

AHoTauiss. B po0oTi po3mIsIHYTO MOJEIh MPOIECy TEIIO0OOMIHY IMiJI Yac BHUKOPHUCTAHHS
TEPMOETIEKTPUYHOTO TeHepaTopa JJIsl yTHIIi3alli 3aIMIIKOBOI €Heprii JMMOBHUX Ta3iB moOyToBOi meui,
110 J03BOJISIE OJICPKATH €IEKTPUIHY €HEPTIIO /711 BHY TPIITHBO-TIO0OYTOBOTO CIIOKUBaHHS. B pesynbraTi
OJIep’KaHO 3aJIeKHICTh MOTYKHOCTI BIAOOPY TEIUIOBOI €HEeprii BiJ IUIONII BHYTPIIIHBOI MMOBEPXHI
reHeparopa, 3 SKOi BUIUIMBAE, IO 3aCTOCYBaHHS MOIyJiB AnbTek-1024 y kimpkocTi 3 MTyK Hajae
MO>KJTUBICTB BiJIIOpaTH 13 TUMOBHX Ta3iB MOTYXHICTH Oinst 1 kBT. BianoinHa po3paxyHKOBa KUIbKICTb
enekTpruHOi eHeprii ckinanae 100 Br. Take 3HaueHHs, y cepeJHOMY, IEPEKPUBAE MiHIMAIbHY HOPMY
CIOKMBAHHS €JIEKTPUYHOI eHeprii IHANBIAyaaIbHOrO Oy INHKY.

Kio40Bi ci10Ba: TepMOCIEKTPUYHUI TeHEPATOp, TEIII000MiH, MaTeMaTHYHa MOJIEIb, TTOOYTOBa
M4, peKynepaiis, AUMOBI ra3u.
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AnoTtauis. [1ix ¢proporo po3ymitoTh ICTOPUYHO 0OYMOBIIEHY CYKYITHICTh BUJIIB POCIIMH Ha JaHii
TepuTopii MaTBiiBCHKOTO MacHBY. TepHUTOPis, O JOCTIIKYETHCS, BXOJAUTH 10 CKIaay YOpHOMOPCHKOI
(MOHTHYHOI) CTENOBOi MPOBiHLIT, €BpoINeHchK0-A31aTChKOI CTENOBOT 001aCTl 1 HAJIEKUTh 10 MiJl 30HU
THITYaKOBA-KOBUJIOBHX CTETIiB.

Karouosi cioBa: @nopa, pi3HOBUIHICTb, JOCIIHKEHHS, METOIH.

Bcebiune BuBuYeHHS (PIIOpHM Ta POCIMHHOCTI OKPEMHUX PETIOHIB € HEOOXITHUM, aJkKe ILe €
MEPeyMOBOIO TIOTJIMOJICHOTO Mi3HAHHS CY4YacHOTO CTaHy OIOJOTiYHOTO pI3HOMAHITTA ¢Iiopu Ha
MOMYJISAIIHO-BUIOBOMY Ta IIEHOTHYHOMY pPiBHSAX. B icTOpHYHOMY acnekTi OUISHKY MIiIIAHUX CTETIiB,
SIK1 30€perucs B MeXax KOJMITHHOr0 MaTBiiBCHKOTO MIIIAHOTO MAaCHBY € BapiaHTOM Ti€i IPUPOIH, KA
naHyBaja TyT e 3a yaciB OJbBIHCHKO] IepKaBU Ha TEPUTOPIT AKOI B T1 YaCH PO3MILILYyBaJIOCS /1Bl BEJTUKI
mimani apenu: [aminuHiBcbka (Ha MIBAGHb BiJg Cy4yacHOTO M. MHKONaiB, sika Ha CHOTOAHI TEX
MPAKTUYHO 3HHUIICHA BHACIIJOK 3aJiCHEHHsS Ta 3a0ynoBH) Ta MartBiiBCchbKa- po3MilllyBaiacsa MiX C.
banosue Ta cenmumiem MatgiiBkoro. [Inomia minjanux creniB B aHTU4HI Yacu Oyia Ounbiie Hix 1000 ra.
Hapasi 3 Hux B npupogHboMy ctaHi 30eperaucs auie 30 ra (meHme 1%) 3 npuraMmaHHOIO iM (I0pOIO
ta ¢ayHor. [IpuunHOIO iX 3HUKHEHHS € TAaKOXX 3aJICHEHHS YYXOPIAHHUMH BHJIaMU JUIS JAHOL
MICIIEBOCTI.

Ha mniBoGepexoki miBHiuHIIIE MicTa MwukonaeBa po3mimeHuii MaTBiiBcbkuii macus. Kiimar
paiioHy KOHTHHEHTaJbHHUU, XapaKTepPHU3Y€ThCS HHU3BKOIO BOJOTICTIO TOBITPS, MAJOK KUIBKICTIO
atMocepuux omnaaiB (200-250 mMM) 1 BenMKOIO J00OBOIO Ta PI3KOI0 aMIUTITYIOK KOJHMBAaHHS
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