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SECTIONAL GENERATOR THERMOELEMENTS
IN A MAGNETIC FIELD

Using computer simulation, temperature distributions in the working body of sectional
thermoelements in a magnetic field were determined. Temperature dependences of the efficiency
of sectional gyrotropic thermoelements were found. It was established that the efficiency of
generator gyrotropic sectional thermoelements depends on the number of sections. Bibl. 14,
Figs. 4.
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Introduction

Today, thermoelectric devices and systems are used in many industries, including medical, space, military,
energy, refrigeration and instrumentation. For further development, it is important to study known and create
new types of thermoelectric materials and thermoelements based on them, in particular for generating
electricity in magnetic fields in the presence of a perpendicular temperature gradient [1 — 14].

Gyrotropic generator thermoelements are known to have a number of advantages over classic ones, such
as the solderless connection and thereby the possibility of adjusting the required voltage, which guarantees the
reliability and manufacturability of gyrotropic thermoelements and converters in general. Gyrotropic
thermoelements as sensors can also increase their sensitivity and response time due to constructive solutions
and can be effectively used in measuring technology.

Therefore, the study of the efficiency of gyrotropic materials and thermoelements based on them is
important and relevant for their further use in general measuring and instrument-making equipment. The
purpose of this work is to calculate the main parameters of sectional gyrotropic thermoelements and assess the
efficiency of their use.

Computer simulation results

To study the parameters of gyrotropic thermoelements, it is necessary to solve the following heat
conduction equation with the corresponding boundary conditions:

KAT +p,j° +2a, j,G—T—jxa—T =0, (1)
 Ox oy
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where T is temperature; k is thermal conductivity of the gyrotropic medium; p, is electric resistivity; x,
y are coordinates; j, j,, j, aremodule and projections of the electric current density vector; ., = Q B

is the asymmetric part of the thermoEMF tensor; O, is transverse Nernst-Ettingshausen coefficient; B

is magnetic field induction.

a, a, 0
a=|-a, a, 0], 2)
0 0 a

where o,,a, are diagonal components of the thermoEMEF tensor.

7, - B0 )
Kp

To conduct further simulation, a number of gyrotropic materials were considered, and the most
promising of them were determined. Further, using the experimental data, the temperature dependence of
the thermomagnetic figure of merit was constructed for /nSb and /nAs, and polynomials were also obtained,
which are subsequently used to construct temperature distributions and calculate the efficiency of gyrotropic
thermoelements. Fig. 1 shows the temperature dependences of the thermomagnetic figure of merit of /nSbh
and InAs materials. It is evident that the best material for the production of gyrotropic generator

thermoelements is /nSh, which is consistent with the experimental results presented in [1, 11, 12]
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Fig. 1. Temperature dependence of thermomagnetic figure of merit
for InSb (a) and InAs (b) materials

76 Journal of Thermoelectricity Ne 1, 2023 ISSN 1607-8829



LA. Konstantynovych, R.V. Kuz, O.M. Makhanets, R.G. Cherkez

Sectional generator thermoelements in a magnetic field

Hereinafter, the Comsol Multiphysics 6.2 application program package was used to build
computer models of sectional gyrotropic thermoelements. Calculation of temperature distributions in
gyrotropic thermoelements was carried out using the finite element method. Using computer simulation,
temperature distributions were determined for the /nSh material in the temperature range of 300-700 K and
a magnetic field with induction B= 1.4 T (Fig. 2).
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Fig.2. Three-dimensional models of the finite element method mesh (left) and temperature distribution
(right) in single- and multi-section rectangular gyrotropic thermoelements with regard to thermoelectric
contacts (wWhere a — 1 section, b — 2 sections, ¢ — 3 sections, d — 4 sections)
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It is worth noting that contact electrical resistances are taken into account on the edges, which
usually reduce the expected positive effect from the use of sectional legs.

Further, Fig. 3 shows the dependences of the efficiency of single- and multi-section thermoelements
on the hot side temperature of /nSh and /nAs material.
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Fig. 3. Dependence of the efficiency on the temperature of sectional
gyrotropic generator elements

From Fig. 3 it is evident that for the /nSh material the efficiency of the sectional thermoelement is
approximately 3.35 %, for the temperature range of 280 — 780 K and magnetic field induction of 1.4 T,
which is almost 1.2 times greater than for a conventional rectangular thermoelement. Fig. 4 shows the
dependence of the maximum efficiency on the number of sections N for /nSb and InAs).
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Fig. 4. Dependence of the maximum efficiency 1 on the number of sections N
(upper row of curves — InSb, lower row of curves — InAs)
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From Fig. 4 it can be seen that with an increase in the number of sections, the efficiency of the
thermoelement decreases due to the influence of contact phenomena, which become more significant in
this case.

Conclusions

1. Computer simulation methods were used to study temperature distributions in rectangular generator
thermoelements, single- and multi-section, made of /nSh and InA4s thermoelectric materials.

2. The temperature dependences of the efficiency of sectional gyrotropic generator thermoelements
were compared for different numbers of sections. It was found that for a 4-section thermoelement,
the efficiency is approximately 3.35 %, for a temperature range of 280 — 780 K and a magnetic field
induction of 1.4 T, which is almost 1.2 times more than for a conventional rectangular
thermoelement for /nSh material.
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CEKI[IMHI TEHEPATOPHI TEPMOEJIEMEHTH
B MATHITHOMY ITOJII

3a 00nomoeo10 KoMN 1OMEPHO20 MOOENIOBAHNSA BUSHAYEHO PO3NOJINU MeMnepamyp y poooyomy
ML CeKYIHUX mepMoeeMenmie y MazHimHoMy noai. Busnaueno memnepamypui sanescnocmi
KKJ[ cekyitinux ecipomponnux mepmoenemenmis. Bcmanoeneno, wo KKJ[ cemepamopmnux
CeKYIUHUX 2iPOMPONHUX MepMOoeTieMeHmie 3aniedcums 8i0 Kinbkocmi cexyiu. bion. 14, puc. 4.
KaouoBi cioBa: TepMmoMarHiTHa J0OpoTHICTB, KoedimienT Hepucra-EtTinrcraysena,
CeKIIMHMI TipOTPOIHUN TEPMOEIEMEHT, TipOTPOIHUI MaTepian, TepMOMarHiTHa JOOPOTHICTH,
KKI.
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