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ON THE EFFICIENCY OF SPIRAL GYROTROPIC
THERMOELEMENTS IN COOLING MODE

In this paper, the characteristics of BiSh, Ag>Te and InSb materials in constant magnetic field were
considered. Analytical and numerical methods were used to study the basic relations for the calculation
of optimal parameters of spiral gyrotropic thermoelements in cooling mode. The dependences of
maximum temperature difference for gyrotropic thermoelements of various shapes were obtained. It was
shown that at constant magnetic fields the use of BiSb is more reasonable in the temperature range of
80-120 K, whereas in the range of 200 — 300 K it is worthwhile to use Ag:Te. Bibl. 25, Tabl. 2, Fig. 14.
Key words: gyrotropic medium, magnetic field induction, spiral gyrotropic thermoelement.

Introduction

Thermoelectric devices are known to be widely used in power engineering, refrigeration and
measurement techniques. However, the possibilities of practical application of thermoelectricity depend on
the progress in physics of thermoelectric power conversion, since the main feature of thermoelectric
devices is their ability to use interconversion of the electrical and thermal energies [1-12]. Advances of
thermoelectricity in the area of instrument engineering are mainly achieved on the basis of physics of
thermocouple elements. The generalized theory of thermoelectricity afforded an opportunity to develop
methods for devising new types of thermoelements. Their application in anisotropic media helped to
discover, create and research a variety of basically new types of thermoelements with unique features
which significantly expanded the potential of thermoelectricity. Searching for new types of thermoelements
based on the gyrotropic media is one of the best lines in the development of thermoelectric applications.
These opportunities of thermoelectricity are little studied, and their implementation will make it possible to
expand the element basis of thermoelectricity, create thermoelectric products of enhanced performance and
increase the competitiveness of such power converters.

Of vital importance is the avenue for increasing the efficiency and reliability of power converters for
their application in instrument engineering. Another advantage offered by gyrotropic thermoelements is the
absence of internal junctions, assuring reliability and ease of manufacture, possibility of junction-free
connection of rings into a space spiral structure, which sufficiently increases the functionality of
thermoelements, especially when used in refrigeration and measurement technique.

The purpose of the work is to evaluate the efficiency of spiral gyrotropic thermoelements in cooling
mode for their subsequent use in refrigeration and measurement technique.
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Mathematical model

Thermal conductivity equation for homogeneous gyrotropic medium is given by

KAT +p,j° + 20, jya—T—jxa—T =0, (1)
ox oy

ne T — temperature, p, is electrical resistivity in gyrotropic medium; « is thermal conductivity; j is
modulus of electric current density vector; j,,j, are projections of j vector in the Cartesian coordinate
system; o, =0, B is asymmetric part of thermoEMEF tensor; Q. is the Nernst —Ettingshausen coefficient;
B is magnetic field induction.
ThermoEMF tensor in gyrotropic medium is of the form

o, o, 0

o=[—-a, o, 0], 2)
In the polar coordinate system, with regard to the system axial symmetry, we have

. _oT j oT
KAT +p, > +20,B| j,———2-°=|=0, (3)
or r op

where 7 is the thermoelement radius; /., j, are the radial and azimuthal components of the current density

vector.

Cooling mode

There is a variety of references describing the properties of gyrotropic materials [1-8]. For BiSbh, Ag»Te
and /nSh materials subject to constant magnetic field the temperature dependences of the figure of merit were
built [1-4].
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Fig. 1. Figure of merit Z shown as a function of temperature T
(1 — BiSbh, 2 — Ag:Te, 3 —InSbh) [1-4].
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The simulation of gyrotropic thermoelements for Ag,Te material was carried out. The
thermoelements were exposed to the magnetic field with induction of B=1T. Fig. 2 shows a three-

dimensional model of temperature distribution in the spiral gyrotropic thermoelement (round section) [13].
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Fig. 2. Model of temperature distribution in the spiral gyrotropic
thermoelement (round section)

Fig. 3 shows a three-dimensional model of temperature distribution in the spiral gyrotropic
thermoelement (square section).
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Fig. 3. Model of temperature distribution in the spiral gyrotropic
thermoelement (square section)

Assuming that the hot side of spiral gyrotropic thermoelement is adiabatically isolated and ignoring the
losses through the side surfaces of the thermoelement, one can use the formula for calculating maximum
temperature difference AT,... between the sides of spiral gyrotropic thermoelement [5]. Using the data
presented in Fig. 1, it is possible to obtain the dependence of maximum temperature difference on the hot side
temperature of thermoelement for BiSb, Ag,Te and InSb (Fig. 4).
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Fig. 4. ATyax shown as a function of Ty (1 — BiSb, 2 — Ag>Te, 3 — InSh)

From Fig, 4 it can be seen that the use of 4g,7e material in the temperature range of 200 — 300 K yields the
highest values of (AT)ma, at 7>=300K the value of (AT)mx~37 K. It means that the use of Ag>Te is more
reasonable in the temperature range of 200-300 K, and in the temperature range of 80 — 120 K it is worthwhile to
use BiSh— (AT) ~17K for round section.
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Conclusions

1.

The analytical and numerical methods were used to study the basic relations for the calculation of optimal
parameters of gyrotropic thermoelements in cooling mode. For Ag,Te material, computer simulation was
performed and the temperature distributions in gyrotropic thermoelements were obtained.

2. It was shown that the use of 4g,Te material is more reasonable in the temperature range of 200 — 300 K, when
(ADmax=37K, and in the range of 80— 120K it is worthwhile to use BiSh — (AT )max ~ 17K for round
section.
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IMPO EGEKTUBHICTH CHHIPAJIBHUX T'TPOTPOITHUX
TEPMOEJIEMEHTIB Y PEXKUMI OXOJIO/KEHHA

Poszenanymo xapaxmepucmuxu mamepianie BiSb, Ag.Te ti InSb ¢ nocmitinomy mazHimuomy noJi.
Jlocniooiceno OCHOBHI ChigBIOHOWIeHHS O PO3PAXYHKY ONMUMATbHUX NApAMempie CRIpATbHUX
2IPOMPONHUX MEPMOENIEMEHMIE Y PEHCUMI OXONOONCEHHA, AHATTMUYHUMU MA YUCTOSUMU MEMOOAMU.
Ompumano 3a1eiCHOCmi MAKCUMANbHOI pisHUYI memnepamip 01 2iPOMPONHUX MeEPMOeTeMeHmi8
pisnux gopm. Ilokazano, wo npu nOCMIHUX MAZHIMHUX NOJSAX OOYLIbHO eukopucmosysamu BiSh 6
memnepamypromy oianazoni 80 — 120 K, a Ag>Te oaa 150 — 300 K.

Karo4oBi ciioBa: ripoTpornHe cepesoBHile, IHAYKIISI MarHITHOTO TI0JISI, CIIPaIbHUMN TpOTPOITHUI
TEPMOEIIEMEHT.
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Ob DOPEKTUBHOCTHU CIIMPAJIBHBIX 'MPOTPOIIHBIX
TEPMOY2JIEMEHTOB B PEXKUME OXJIAKAEHUSA

Paccmompenvr xapakmepucmuxu mamepuanos BiSb, Ag:Te u InSb ¢ nocmoannom maznumnom noe.
Hccneoosanvi ocHogHble COOMHOWIEHU 0N PACYENO8 ONMUMATLHLIX NAPAMEMPO8 CHUPATHHBIX
2UPOMPONHBIX MEPMOINEMEHINOE 8 PeXHCUME OXTANCOCHUS, AHANUMUYECKUMU U YUCTOBLIMU MEMOOaMU.
Honyyenvr  3agucumocmu  MAKCUMAIbHO20 — nepenada  memnepamyp  Oas  UPOMPONHbIX
MepMOINeMeNmos  pasiuunol  gopmol. Ilokazano, umo npu NOCMOAHHBIX MASHUMHBIX HOJIAX
yenecoobpasno ucnoavzosame BiSb 6 memnepamyprnom ouanazone 80 — 120 K, a Ag>Te ons

150 — 300 K. buba. 13, puc. 4.
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Ki1roueBble €j10Ba. THPOTPONHAS CPEAa, MHAYKLUS MAarHATHOTO IIOJIS, CIMPANbHBIA TMPOTPOITHBIA

TEPMOJJIEMEHT.
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