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ON THE EFFICIENCY OF SPIRAL GYROTROPIC
THERMOELEMENTS IN COOLING MODE

In this paper, the characteristics of BiSb, 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

) . or . or
KAT +p,j° +20., jy—=J,— (=0, (1)
Ox Oy

ne T — temperature, p, is electrical resistivity in gyrotropic medium; k 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 thermoEMF tensor; Q, is the Nernst —Ettingshausen coefficient;

B is magnetic field induction.
ThermoEMF tensor in gyrotropic medium is of the form

o=l-o, o, 0], 2)

In the polar coordinate system, with regard to the system axial symmetry, we have

; a_T_ﬁa_TJzo, 3)
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where r is the thermoelement radius; j,, 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 BiSh, 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 — BiSh, 2 — Ag,Te, 3 — InSbh) [1-4].
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The simulation of gyrotropic thermoelements for Ag,7e 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].

Fig. 2. Model of temperature distribution in the spiral gyrotropic

thermoelement (round section)
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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 BiSh, Ag,Te and InSbh (Fig. 4).

----------- Round section ,
- == Square section : 2

Fig. 4. AT, ... shown as a function of T; (I — BiSb, 2 — Ag>,Te, 3 — InSb)

From Fig. 4 it can be seen that the use of 4g,Te material in the temperature range of 200 — 300 K yields the
highest values of (A7), at T7,=300K the value of (A7), ~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 )m ~ 17 K 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 4g,Te material, computer simulation was
performed and the temperature distributions in gyrotropic thermoelements were obtained.

2. It was shown that the use of Ag,Te material is more reasonable in the temperature range of 200 — 300 K, when
(AT)mex =37 K, and in the range of 80— 120K it is worthwhile to use BiSh — (AT) =~17K for round
section.
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IMPO E®EKTUBHICTDH CIIIPAJIBHUX I'POTPOITHUX
TEPMOEJIEMEHTIB Y PEXKUMI OXOJIO/’KEHHSA

Poszensnymo xapaxmepucmuxu mamepianie BiSb, Ag Te ©t InSb 6 nocmivinomy macHimHomy noJi.
Jlocniooceno OCHOBHI CNIGBIOHOWEHHS 0N PO3PAXYHKY ONMUMANbHUX NAPAMEmMpPi6 CNipaibHUX
2IPOMPONHUX MEPMOCTIEMEHMIB Y PEHCUME OXONOONCEHHS, AHATTMULHUMY MA YUCTIOBUMU MEMOOAMU.
Ompumano 3a1exHCHOCMi MAKCUMAILHOL PIHUYI memnepamip Osl 2IPOMPONHUX MEPMOETIeMEHMIE
piznux ¢opm. Ilokaszano, wo npu ROCMIIHUX MASHIMHUX ROJSAX OOYLIbHO euKkopucmosysamu BiSbh 6
memnepamypromy dianazoni 80 — 120 K, a Ag,Te onsa 150 — 300 K.

Karoudogi cioBa: riporpornHe cepeoBuIle, 1HIYKIS MarHiTHOTO OIS, CIIiPaIbHUNA T1pOTPOIHUHI

TEPMOCICMCHT.
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OB DOPEKTUBHOCTHU CITUPAJIBHBIX THPOTPOITHBIX
TEPMOY2JIEMEHTOB B PEXKUME OXJIAZKAEHUSA

Paccmompenuvl xapaxmepucmuxu mamepuanos BiSb, Ag,Te u InSb ¢ nocmosinnom macnumnom noie.
Hccnedosanvl ocHosHble cOOmHOWleHUs. OISl pACYEo8 ONMUMALbHBIX HAPAMEMPO8 CRUPATbHBIX
SUPOMPONHBIX MEPMOINEMEHINOB 6 PEICUME OXLANCOCHUS, AHANUMULECKUMU U YUCLOBLIMU METNOOAMU.
Tonyuenvt  3a8ucumMocmu  MAKCUMATbHO20 — Nepenaca  memnepamyp — 01  2UPOMPONHbIX
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MepMOIIEMEHMO8  pasnuynol  gopmol.  Tlokazano, u4mo npu NOCMOAHHBIX MACHUMHBIX NOJSAX
yenecoobpasno ucnoavsoeamos BiSb ¢ memnepamyprnom ouanazone 80— 120 K, a Ag,Te ons

150 — 300 K. bubn. 13, puc. 4.

KiroueBble cjioBa: THPOTPOMHAs Cpela, WHAYKIMS MArHUTHOTO IOJIS, CHMPAJbHBIA THUPOTPOITHBIN

TEPMODJIEMEHT.
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