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Poszznanymo enaue cepedHb000’emnoi memnepamypu
2LIKU mepmoesieMeHmy HA OCHOBHI napamempu, nOKA3HUKU
Haoitinocmi i ounamicy QynKuionyeanns mepmoeaexmpuy-
HO020 0X07100JCY6a1a npu Pi3HUX nepenacax memnepamypu
npu 3a0aHOMYy MenN080MY HABAHMANCEHHI, 2e0MemPii 2iN0K
mepmoenemMeHmié 0 XAPAKMEPHUX CMPYMOGUX DeENCUMIE
pobomu. Iloxazano, wo cepedns memnepamypa mepmoe.ie-
MeHmy, KA € OROPHOI0 MOUKOI0 NPU POIPAXYHKY eHepzemur -
HUX NOKA3HUKIE MEPMOEEKMPULHO20 0X0I00MHCYBAUA, MOCE
Oymu euxopucmana minoku 018 PO3PAXYHKIE 8 cmauionap-
HoMy pedicumi pobomu. Buxopucmanns ii 6 ounamivunomy
pesicumi npuzeodumv 0o snaunux noxubox. QOo0rpynmosano,
WO 08 OUHAMIMHOZ20 pPelcuMy MAaKoi ONOPHOI0 MOUKOI0
Modice Cayncumu cepednb006’eMHa memnepamypa mepmoe-
aexmpuunoi zinku. Busnaueno cnigssionowenns ons ouinxu
cpedneod ' eMnoi memnepamypu 6 3anexicHocmi 8i0 610HOCHO20
pobouozo cmpymy. Ipoananizoseano 36'a3xu cpedneod 'emnoi
memnepamypu mepmoeieMeHma, 4acy 6uxody Ha cmauio-
HapHuil pescum, HeoOXi0HY KiabKicmb mepmoeaemenmie, 6i0-
MinHOCMi MidC Cpeoneod ' emnoi i cepednvboio memnepamypoio,
X0100uNbH020 Koeiuienma 6 3anexncnocmi 6i0 6i0HOCH020
pobouozo cmpymy. Ioxazano, wo 3 pocmom cpedneod 'emnoi
memnepamypu npu 3a0aHomMy cCMpymo8oMy pexcumi po6o-
mu i nepenadi memnepamypu, wo nepesuwye 40 K, seauuu-
Ha po6ouozo cmpymy, KilbKicmo mepmoeremenmie, nomymnc-
HICMb CRONCUBAHHS, THMEHCUBGHICMb 610M06 1 nOCMilina Yacy
aMenmyemvca, a xoa00uavhull xoediuienm 3pocmae. Yac
6UX00Y HA CMAUIONAPHUTLL PeNcUM NPU nepexodi 610 percumy
MIHIMYMY THMEHCUBHOCIE 6IOMO6 6 PEHCUM MAKCUMATILHOL
X01000npodyKmueHocmi, 3Huscyemvca Ha 5 %, a inmencue-
Hicmb 610M06 3pocmac na 16 %.

Hpaxmuuna 3snauumicmo nposedenux 00Cai0NceHb NONA-
2ae aK y nideuuenni aKocmi npoexmy8anis 0Xon00xcyeauis,
max i 6uGOPi HEOOXIOHUX PeHCUMIE MePMOECKMPUUHOT CUC-
memu 3a0e3neuenHns MenoOBUX Pe’CUMIE eeKmpoHHol ana-
pamypu 6 3anexncHocmi 610 3Hauumocmi ounaminnux aéo Kpu-
mepiie ynpaeninns no naoiinocmi

Kntouogi cnoga: einka mepmoenemenni, cepednv0od’emna
memnepamypa, noKAIHUKU HAOTUHOCMI, QUHAMIKA 0X0J100-
acyeaua
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1. Introduction

When designing thermo-electric cooling devices (TED),
it is necessary to take into consideration a temperature de-
pendence of parameters for the branches of thermo-elements
[1]. This circumstance is caused by the fact that the material
of branches is semiconductors of different conductivity, pa-
rameters of which directly depend on temperature and the
formation of temperature difference is the basic function of

a thermo-electric cooler. The use of the mean temperature
equal to half of the temperature difference at the ends of the
thermo-element branches is possible only for a stationary
mode, when temperature data are unchanged. In the dynam-
ic mode, the mean temperature cannot serve as a reliable
indicator and will lead to incorrect results of calculation of
energy, dynamic and some reliability indicators of TED.
This defines the relevance of analysis into possibilities to
use the mean volumetric thermo-element temperature as the




basic point for calculations when designing thermo-electric
coolers that operate in a dynamic mode.

2. Literature review and problem statement

Paper [2] shows the results of simulation of thermo-elec-
tric cooling devices, in which it was shown that the analyt-
ical model of thermo-electric devices enhances the design
quality of thermo-electric systems ensuring thermal modes.
The issues related to the influence on the parameters of
the cooler of the thermo-electric branch as the main active
element of the thermo-electric cooler remained unresolved.
The variant of a solution to this task can be the represen-
tation of the thermo-element as a heat source [3], which
makes it possible to describe the temperature distribution
on the electrodes of a thermo-electric cooler in a stationary
mode. Paper [4] dealt with one of the aspect of the problem,
associated with enhancing efficiency of thermo-electric ma-
terials. The mathematical model, which enabled numerical
modeling of thermo-electric sources in the differential mode
with the possibility of taking into consideration temperature
dependences of the properties of semiconductor materials,
was developed. Further development of the research was
creation of the gradient model of heat distribution in a ther-
mo-element [5], which describes the dynamic processes in
the thermoelectric cooler. However, the temperature of the
thermo-element branch, which is the basis for calculation of
energy indicators and structural parameters, in these works
was represented as the average between the temperatures of
hot and cold ends of the thermo-element, which is fair only
for a stationary mode.

Taking into consideration the substantially higher perfor-
mance of thermo-electric coolers compared with compression
machines, the problems of the improvement of TED perfor-
mance were virtually not considered [6]. Miniaturization of
thermo-loaded elements resulted in increased thermal power
density, which is necessary to discharge by the system of
ensuring thermal modes. Maintenance of thermal modes of
the elements with pulse release or absorption of heat suggests
a reduction of discharge time, which requires a decrease in
time constant of a thermo-electric cooler [7]. However, the
problems related to the influence of temperature change on
reliability indicators of a thermo-electric cooler remained out-
side the scope of consideration, because switching modes are
used for accelerated testing of products for reliability [8] and
cause the cracking of welding joints of thermo-elements and
more rapid breakage of a cooler. Simultaneous improvement
of dynamic characteristics of a thermo-electric cooler and
reliability indicators is a challenge, so the research related to
the search for compromise solutions is necessary.

An attempt at such research was undertaken in paper [8],
which dealt with the problems of reducing time constant of a
thermo-electric cooler and corresponding reliability indica-
tors depending on the influence of technological structural
elements of a device. The issues related to the influence of
temperature of the thermo-element branch on dynamic char-
acteristics and reliability indicators remained unresolved.

3. The aim and objectives of the study

The aim of this research is to identify the influence of
the mean volumetric temperature on the thermo-element

on the dynamic and reliability indicators of a single-stage
thermo-electric cooler in the operating temperature range.
To accomplish the aim, the following tasks have been set:
—to develop a model of relationship between the mean
volumetric temperature of a thermo-element branch and
structural and energy indicators for TED;
— to perform an analysis of reliability and dynamic indi-
cators of a single-stage thermo-electric cooler.

4. Development of the model of relationship between the
mean volumetric temperature of the branch and structural
and energy indicators

The thermo-element branch can be represented in the
form of a rod, in which the model of temperature distribution
t by coordinate x by time 1 is represented in the form [10]:
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where a of the coefficient of thermal conductivity.

The restrictions of this model are described as:

1) boundary condition of the fist kind , when the tem-
perature of the body surface at any moment of time is as-
signed;

2) boundary condition of the third kind, when the ambi-
ent temperature is known and convective exchange occurs
on the body of the surface.

Structurally, thermo-elements when a volumetric TED
production technology is used are located with air gaps,
thermal conductivity of which differs from thermal conduc-
tivity of the thermo-element’s junction with heat-receiving
electrodes by orders of magnitude, that is why heat loss
through the air layer can be neglected. For planar technol-
ogies of TED, this assumption is not correct. In this work,
the thermo-element used in manufacturing coolers made by
volumetric technology is considered. The problems of this
type are solved using the Fourier method by representing the
equation (1) as the product of two functions, each of which
depends on one variable t(x,t)=T(t)-T(x) [10]. Then (1) is
represented in the form:

I_oX. )

Exponential dependence
T=C exp{—anzt}

is the solution to the left-hand side, and harmonic depen-
dence X =C,cosnx+C,sinnx. is the solution to the right
part. Analysis of these expressions shows that the mean
temperature of the thermo-element branch depends on time,
which is why it cannot be the reference point when deter-
mining energy indicators of TED.

The concept of the “mean volumetric temperature”, de-
termined as [10], is introduced for a rod with height [ at the
symmetrical temperature distribution:
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and relative mean volume temperature
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In this case, if the initial temperature of the body is
constant and equal to ¢,, the amount of heat, released by
a body when it is cooled from ¢, to the mean volumetric
temperature 2, is equal to

Q =cpV(t, ~1), (6)

where c¢ is the specific thermal capacity, p is the density, V'is
the volume.

Therefore, the mean volumetric temperature of the
branches of thermo-elements serves as a reference point for
the connection with energy (amount of heat and currents)
indicators and structural (material density and volume)
parameters of TED.

Let us consider nonlinear temperature distribution along
the thermo-element branch T(x)=T at x=0 and T(x)=T; at
x=[, which can be represented in the form [1]:

‘2l 1] AT;nax 2 X
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where B=I/1.y is the relative operating current, A; I is the
magnitude of operating current, A; I, =eT /R is the maxi-
mum operating current, A; Ty is the temperature of the heat
absorbing welding joint, K; e is the averaged value of ther-
mal EMF of the thermo-element branch, V/K; R=1[/ (65 )
is the electrical resistance of the thermo-element branch,
Ohm; G is the averaged value of electric conductivity of the
thermo-element branch, Cm/cm; /, S are, relatively, height,
cm, and area, cm?, of the cross-section of the thermo-element
branch;

AY:nax = O’SETO2
is the maximal difference of the temperatures, K; z is the
average value of effectiveness of thermo-electric material in
module, 1/K; ®=(T-T})/AT.x is the maximum difference of
temperatures.

By integrating expression (6), using the Newton-Leibniz
formula, we will obtain the ratio to determine the mean vol-
umetric temperature in the simple form:

2712
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where K = &8 is the thermal conductivity coefficient, W/K;

& is the averaged value of thermal conductivity coefficient,
W/(cm-K).
Ratio (7) can be represented as:
T,+T B’AT,
o
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In accordance with [9], the time for entering a stationary
operation mode t can be determined from the expression
0 ¥By (2 - BH)
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Lnaxu=enT/Ry is the maximum operating current at the be-
ginning of the cooling process at 1=0, A; I.xxk=exTo/Rkis the
maximum operating current at the end of the cooling pro-
cess, A; e, ey are, respectively, coefficient of thermo-EMF
of the thermo-element branch at the beginning and at the end
of the cooling process, V/K; Ry, Ri are, respectively, electric
resistance of the thermo-element branch at the beginning and
at the end of the cooling process, Om; By=1/I,.xp is the rela-
tive operating current at the beginning of the cooling process
at t=0; Bg=I/I.xx is the relative operating current at the

end of the cooling process; ZmiCi is the total magnitude of

the product of thermal capacity and the weight of the struc-
tural and technological elements (STE) of the TED.
At constant magnitude of operating current I at the begin-
ning and at the end of the cooling process, it can be written as
I:BH ImaXH:BK ]maxK~ (10)
The number of thermo-elements # can be determined
from ratio

Q
Ry (2B, - B;-0)' (1
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where Qy is the thermal load, W. Consumption power W of
TED can be determined from expression

W =2nI%,  R.By [BK +A§M(9J. (12)
0
Voltage drop Uk can be determined from ratio
U=Wi/I. 13)
Cooling factor E can be calculated from formula
E=Qo/Wk. (14)
Failure rate /A can be determined from expression [1]
2

(BK + A;:‘“'“‘@)

A\, =nB; (0+C) . K;, (15)
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where

__ %
nIlf\axKRK
is the relative thermal load; K7y is the significant tempera-
ture coefficient.

The probability of failure-free operation P of the TED
can be determined from expression:

P=exp[-At], (16)

where ¢ is the assigned resource, h.



5. Analysis of energy, structural,
reliability and dynamic indicators of the model of
a single-stage cooler

The results of calculation of the main parameters, indi-
cators of reliability and dynamics of operation of TED in
the cooling mode for temperature differences AT=20; 40; 50;
60 K, thermal load Qy=5.5 W, [/S=10 cm~! and for various
current operation modes are given in Table 1.

At an increase in relative operating current B for various
temperature differences AT at Qp=5.5 W:

—the mean volumetric temperature increases and in
mode Qomax reaches its maximum value T=3056 K at
AT=20 K (Fig. 1);

— the time for entering a stationary operation mode t
(Fig. 2) decreases. At an increase in temperature difference
AT, the time for entering a stationary mode 1 increases; the
longest time for entering the stationary operation mode
1=18.7 is reached at AT=60 K without respect to overheat-

ing, whereas it decreases up to=17.8 s with respect to over-
heating;

— the number of thermo-elements n decreases (Fig. 3).
At an increase in temperature difference, the number of
thermo-elements 7 increases and in mode Qumax reaches
maximum of n=249.5 pieces at AT=60 K, while with respect
to overheating it decreases up to n=208.2 pieces (that is the
number of thermo-elements can be reduced by 16.5 %);

— the relative magnitude of failure rate A/A¢ increases
(Fig. 4). At an increase in temperature difference AT, failure
rate increases at assigned B; in mode Qumax for AT=60 K,
failure rate A/Ay=258 without respect to overheating, while
with respect to overheating it decreases up to A/Ap=215,5,
that is by 16.5 %;

—the probability of failure-free operation P decreases
(Fig. 5). At an increase in temperature difference, the prob-
ability failure-free operation decreased at assigned B; with
respect to overheating, the probability of failure-free oper-
ation P increases.

Table 1
7=300 K; R,=11.1-1073 Ohm; /pay 5=5.51 A; //S=10 cm™; ZmiCl. =17510" J/K; Q=5.5W
Operationmode | Vi | © | ws | za| n [ww| £ [uv] B | 7 k| an [n10510m] P
AT=20 K
1.0 [0213] 257 | 524 | 239 | 150 | 0.368 | 285 | 0951 | 290 | 24.2 72.6 0.9928
Qomax 1.0* [0213] 257 | 510 | 240 | 150 | 0.367 | 2.94 | 0926 | 305.6 | 243 72.8 0.99275
0.462 | 0213 | 4.0 | 243 | 378 | 543 | 1.01 | 2.24 | 0439 | 290 1.43 4.3 0.99957
(Qo/ D 0.462* | 0213 | 394 | 243 | 375 | 543 | 1.01 | 223 | 0441 | 2933 | 1.42 4.26 | 0999574
O/ 0.213 | 0213 9.0 | 1.12 | 1123 | 396 | 1.39 | 353 | 0203 | 290 | 0.137 | 0.412 | 0.999959
0.213* | 0213 | 9.0 | 1.12 | 1123 | 396 | 1.39 | 353 | 0.203 | 290.7 | 0.137 | 0.412 | 0.999959
. 0.16 | 0213 ] 14.0 | 0.84 | 2313 | 5.0 11 | 593 | 0152 | 290 | 0.082 | 0245 |0.9999755
0.16* | 0.213 | 14.0 | 0.84 | 231.3 | 5.0 11 | 593 | 0.452 | 290.4 | 0.082 0.245 | 0.9999755
AT=40 K
1.0 [0503| 66 | 504 | 436 | 256 | 0215 | 508 | 0915 | 280 | 44.6 133.7 0.9867
Qomax 1.0% | 0.498 | 65 | 490 | 425 | 250 | 022 | 5.10 | 0.890 | 293.3 | 434 130.2 0.9871
0.709 | 0.503 | 7.90 | 357 | 535 | 1636 | 0.336 | 4.58 | 0.650 | 280 13.8 41.5 0.9959
(Qo/ D 0.705* | 0.498 | 7.82 | 3.48 | 520 | 16.0 | 0.335 | 4.60 | 0.630 | 286.7 | 134 40.2 0.9960
, 0.501 | 0501 | 11.0 | 2.53 | 868 | 145 | 038 | 573 | 0460 | 280 | 5.39 16.2 0.9984
QP ma 0.50* | 0.50 | 11.07 | 250 | 863 | 14.4 | 0.382 | 577 | 0.450 | 283.3 | 5.32 16.0 0.9984
042 | 0501 | 14.0 | 212 | 1332 | 163 | 0337 | 7.70 | 0380 | 280 | 3.94 11.8 0.99880
R 0.42* | 050 | 14.1 | 241 | 1321 | 162 | 034 | 7.70 | 0.380 | 282.3 | 3.92 11.8 0.9988
AT=50 K
1.0 |0684| 104 | 490 | 740 | 417 | 0132 | 85 | 0.890 | 275 | 76.1 298.2 0.9774
Qomax 1.0* 0672 101 | 475 | 713 | 403 | 0.137 | 8.8 | 0.860 | 287.2 | 733 220 0.9782
0.827 | 0.684 | 11.4 | 405 | 817 | 326 | 0.169 | 805 | 0.740 | 275 | 40.7 122.2 0.9879
(Qo/ D 0.821* | 0675 | 11.1 | 394 | 80 | 31.6 | 0.174 | 80 | 0.720 | 283.3 | 389 116.7 0.9884
Q0P 0.684 | 0684 | 135 | 335 | 108 | 30.7 | 0.179 | 9.2 | 0.610 | 275 | 25.3 76.0 0.9924
0.675* | 0675 | 133 | 326 | 106 | 274 | 020 | 84 | 0590 | 280.7 | 23.8 71.3 0.9929
- 0.620 | 0.684 | 153 | 3.04 | 136 | 325 | 0.169 | 107 | 0550 | 275 | 21.7 65.2 0.9935
0.61* | 0.678 | 15.1 | 296 | 138 | 321 | 0.171 | 109 | 0540 | 279.7 | 20.5 61.4 0.9939
AT=60 K
1.0 |0898|1873| 474 | 2495 | 135 | 0.041 | 285 | 0.860 | 270 258 775 0.92545
Qomax 1.0* | 0878 | 17.8 | 463 | 208.2 | 112.3 | 0.049 | 243 | 0.840 | 181.1 | 2155 | 6465 0.9374
QD) 0.948 | 0898 | 19.2 | 4.49 | 2563 | 126 | 0.0437 | 28.1 | 0.820 | 270 | 2185 | 655.4 0.9366
max 0.939* | 0882 | 18.4 | 437 | 222 | 107.2|0.0513 | 245 | 0.790 | 280 | 1824 | 5472 | 0.94675
Q) 0.898 | 0.898 | 20.0 | 4.26 | 276.6 | 123.4 | 0.0416 | 29.0 | 0.770 | 270 | 1926 578 0.94384
0.882* | 0.882 | 19.3 | 4.10 | 244.0 | 1053 | 0.0522 | 25.7 | 0.750 | 279 | 1588 | 4765 | 0.95374
. 0.871 | 0.898 | 20.6 | 4.13 | 298 | 1259 | 0.0437 | 30.5 | 0.750 | 270 185 554.9 0.9460
0.856* | 0.882 | 19.88 | 4.0 | 261.6 | 107.1 | 0.0513 | 26.8 | 0.720 | 2784 | 1515 | 4545 | 0.95556

Note: * — data were obtained taking into consideration overheating
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Fig. 1. Dependence of mean volumetric temperature T of s
single-stage TED on relative operating current By for various
temperature differences ATat 7=300K, //S=10cm™";
@Qy=5.5 W: continuous lines — with respect to overheating;
dashed line — without respect to overheating
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Fig. 2. Dependence of time for entering a stationary mode
7 of a single-stage TED on relative operating current Bk for
various temperature differences at AT at 7=300 K,
1/8=10 cm™'; @y=5.5 W: continuous lines — with respect to
overheating; dashed line — without respect to overheating
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Fig. 3. Dependence of the number of thermo-elements n of
a single-stage operating current Bk for various temperature
differences ATat T=300K, //8=10 cm™"; Qy=5.5 W:
continuous lines — with respect to overheating;
dashed lines — without respect to overheating
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Fig. 4. Dependence of failure rate A /)¢ of single-stage TED
on relative operating current By for various temperature
differences ATat T=300K, //S=10 cm™"; Q=5.5 W:
continuous lines — with respect to overheating;
dashed line — without respect to overheating
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Fig. 5. Dependence of probability of failure-free operation
P of single-stage TED on relative operating current By for
various temperature differences AT at 7=300 K,
1/8=10 cm™'; @Qy=5.5 W: continuous lines — with respect to
overheating; dashed line — without respect to overheating

At an increase in temperature difference AT for various
current operation modes:
— temperature difference

AT=T-T

increases (Fig. 6) for operation mode (Qo/Dmax, (Qo/I?)
max and Anin and decreases for mode Qumay; at the assigned
temperature difference, magnitude AT increases from mode
}Lmin to mode QOmax;

—operating current I (Fig. 7) increases for operation
modes (Qo/Dmax, (Qo/I*)max and Ayin and decreases for mode
Qomay; at the assigned temperature difference, the magnitude
of operating current increases from mode Ay, to mode Qomax;

— cooling coefficient E decreases (Fig. 8); at the as-
signed temperature difference, cooling coefficient increases
from mode Qgmax to mode (Qq/I*)max; at temperature dif-
ferences close to maximum (AT—AT;,.x), cooling coefficient
is virtually the same for all operation modes; with respect
to the thermo-element branch, cooling coefficient E=0.049,
that is by 16 % higher that without respect to it in mode
Qomax at AT=40 K.
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volumetric and mean temperature AT=T-T of single-stage
TED on temperature difference AT for various operation
modes at 7=300K, //8=10 cm™"; Qy=5.5 W:
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Fog. 7. Dependence of magnitude of operating current /of
single-stage TED on temperature difference AT for different
operation modes at 7=300 K, //S=10 cm™'; Qy=5.5 W:

1 — mode Qomax; 2- (Qo/ Dmax; 3- (OO/F)max; 4 = Ain;
continuous lines — with respect to overheating;
dashed line — without respect to overheating
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Fig. 8. Dependence of cooling coefficient £ of single-stage
TED on temperature difference AT for different operation
modes 7=300 K, //8=10 cm™"; Q;=5.5 W: 1 — mode Qomax;
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6. Discussion of results of analyzing the time required to
enter a stationary mode of single-stage TED

The analysis that we present shows:

— the time for entering a stationary mode t increases (Fig. 9);
at the assigned temperature difference, the time for entering a
stationary mode decreases from mode Ay, to mode Qonax; the
shortest time for entering a stationary mode is ensured in mode
Qomayx; With respect to overheating the thermo-element branch,
the time for entering a stationary mode t=17.8 s, that is, 5 %
lower that without respect to it in mode Qgmay at AT=60 K;

— the relative magnitude of failure rate /Ay increases
(Fig. 10); at the assigned difference, failure rate decreases from
mode Qomax to mode Ay, and is minimum in mode Ay;,; with
respect to overheating of thermo-element branch, failure rate
A/h=215 in comparison with A/A9=258 without respect to
overheating, that is, less by 16.7 %, at AT=60 K in mode Qqmax;

— probability of failure-free operation P decreases (Fig. 11);
at the assigned temperature difference, probability of fail-
ure-free operation increases from mode Qouax to mode Apin,
which ensures the maximum of probability of failure-free
operation P more, thus, for example, for AT=50 K, P=0.9782
with respect to overheating and P=0.9774 without respect to
overheating in mode Qomax.
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Fig. 9. Dependence of time for entering a stationary mode t
of TED on temperature difference AT for various operation
modes at 7=300K, //S=10 cm™'; Qy=5.5 W:

1 — mode Qumax; 2 — mode (Q/ Nmax; 3 — mode (Qo/ P)max;
4 — mode Anin, continuous lines — with respect to
overheating; dashed /ine — without respect to overheating
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Fig. 10. Dependence of relative magnitude of failure rate
A/)\ of single-stage TED on temperature difference AT at
7=300K, //S=10 cm~'; Q;=5.5 W: 1 — mode Qumax;
2- (OO//)max; 3- (OO/IZ)max; 4 = hin
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Fig. 11. Dependence of probability of failure-free operation P
of single-stage TED on temperature difference AT at
T=300K, //S=10 cm™'; Qy=5.5 W: 1 — mode Qymax;
2 — mode (Q/ Nmax; 3 — mode (OO/IZ)max; 4 — mode Anin
continuous lines — with respect to overheating;
dashed line — without respect to overheating

An analysis of the shown graphic dependences of the
time of a thermo-electric cooler entering a stationary mode,
failure rate and the probability of failure-free operation
reveals that during designing the TED, it is necessary to
take into consideration the influence of mean volumetric
temperature on the basic parameters, reliability indicators
and dynamics of operation.

The advantage of using the mean volumetric temperature
of the thermo-element branch, unlike the arithmetic mean, is
caused by the fact that energy indicators are associated with

design parameters of TED irrespective of time, which makes
it possible to use it as basic for the calculation of dynamic
operation modes of the product. Restrictions laid down in
the model imply uniformity of geometry and thermo-physical
parameters of the material of a thermo-element, which is true
for most practical purposes of manufacturing thermo-electric
coolers. To create homogeneous temperature field or thermal
fields of the assigned configuration based on thermo-electric
coolers, e. g. for calibration of infrared multi-element radiation
receivers, the used restrictions may turn out to be unaccept-
able. More detailed studies of the influence of variations in
the geometry of branches of thermo-elements, homogeneity of
material, thickness of welding joint with electrodes, reciprocal
influence of thermocouples, etc. will be required.

7. Conclusions

1. The model of relationship of the mean volumetric tem-
perature of the thermo-element branch and relative operat-
ing current for different operating temperature differences
and operation modes at an assigned geometry of thermo-ele-
ment branches was developed and it was shown that taking
into consideration of thermo-element overheating helps to
decrease calculation errors by 3—-5 %.

2. We performed an analysis that takes into consider-
ation the mean volumetric temperature of the thermo-ele-
ment branches, which reveals the possibility of decreasing
the number of thermo-elements by up to 16 %, time for en-
tering a stationary operation mode of a cooler by up to 5 %,
relative failure rate by up to 16 %, depending on the relative
operating current and temperature difference.
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