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ABSTRACT

The problem of improving the reliability of complex systems is fundamental, since it is impossible to achieve complete failure-
free operation in real systems that interact with the external environment. In modern information systems, increasing the probability
of failure-free operation by stabilizing the temperature of critical heat-loaded elements using a thermal control system remains a
pressing issue. To solve this problem, a mathematical model of a thermoelectric cooler of a given design has been developed. The
model is intended for comparative analysis and assessment of the influence of various combinations of parameters of the initial
thermoelectric material of equal efficiency on the main performance indicators of the product under variable current load. The results
of calculations of reliability indicators, dynamic and energy characteristics of single-stage thermoelectric coolers, and the geometry
of thermoelectric element chains are presented for various combinations of parameters of the initial thermoelectric materials. It is
shown that with a rational design of a single-stage thermoelectric cooler, it is possible to select a combination of parameters of the
initial material with the same efficiency to reduce the operating current and increase the supply voltage at different thermal loads.
Additional means of controlling the parameters of a thermoelectric cooler are the geometry of the thermocouple branches, the
physical parameters of the initial thermocouple materials, the operating current, the supply voltage, and the failure rate. Analysis of
the research results showed that it is possible to select a combination of raw material parameters that reduces the operating current by
an average of 20% and reduces the relative failure rate by up to 40% under otherwise equal conditions.
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INTRODUCTION —grouping of heat-loaded elements by
proximity to the heat load, in which case the number
of control channels is reduced to the number of
groups;

—control with electrical parallel and serial
connection of coolers, which potentially provides the
possibility of reducing the control channels to one or
two;

—taking into account the inertia of the coolers,
it is possible to sequentially control all independent
executive coolers from a single decision-making
channel;

—taking into account the cross-connections of
heat flows, a device is needed to account for this
circumstance when forming the model.

Common to all control approaches are strict
requirements for the dynamics and reliability of the
thermoelectric cooler, which is located in heat-

A distinctive feature of onboard information
systems is the spatial heterogeneity of heat load
distribution, which is associated with the presence of
laser, ultrasonic and microwave emitters, processor
and conversion elements, and external heating.
Thermoelectric systems for maintaining the thermal
conditions of electronic equipment are most suitable
for onboard systems, since the executive body — a
thermoelectric cooler — is small in size and weight
and is invariant to spatial location. Dynamic
characteristics and reliability are also important
indicators for thermal management systems.

Control approaches can be divided into:

— independent control of each thermoelectric
cooler connected to a dedicated heat-loaded element,
i.e. an independent distributed control system;

loaded conditions close to the cooled element.
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LITERATURE REVIEW

Thermal management systems for electronic
equipment are an integral part of information
systems [1]. Sensory and processing onboard
electronic equipment is distributed according to the
functional purpose of the object [2]. The use of
thermoelectric coolers as actuators significantly
reduces the weight and dimensions of the product
[3], since the heat dissipation of the elements varies
[4]. The requirements for coolers are constantly
becoming more stringent [5], therefore research
aimed at reducing the failure rate and increasing
dynamics and energy efficiency is justified [6].
Product models have been developed to study the
relationship between these indicators and design and
energy characteristics [7], [8]. However, the
proposed models do not show the relationship
between reliability indicators and the design and
energy characteristics of the cooler [9]. The
influence of the design parameters of thermocouples
on the reliability indicators of thermoelectric coolers
has been studied in [10], and on energy indicators in
[11], but these dependencies were considered only
for static modes [12]. The antagonism between
reliability indicators and cooler dynamics is studied
in [13], [14]. Issues related to finding a compromise
between dynamics and reliability  remains
unexplored; their analysis is presented in [15]. Given
that the main disadvantage of thermoelectric coolers
is their low efficiency, considerable attention has
been paid to the creation of new thermoelectric
materials [16], [17], [18]. Despite significant efforts,
no significant progress has been made in new

thermoelectric materials. In  addition to
thermoelectric efficiency, operational characteristics
such as mechanical, climatic, and radiation

characteristics are also important [19]. Attempts
have been made to improve reliability and energy
characteristics based on existing thermoelectric
materials [20]. However, questions regarding the
influence of thermoelectric materials on the
dynamics of thermoelectric coolers remain relevant.

PURPOSE AND OBJECTIVES OF THE
STUDY

The aim of this work is to improve the
reliability and dynamics of the cooler by taking into
account the physical characteristics of the
thermocouple material.

To achieve this goal, the following tasks must
be solved:

1. Develop a model linking the physical
parameters of the thermocouple material with the

reliability, dynamics, and energy performance of the
thermoelectric cooler.

2. Conduct a comparative analysis of significant
parameters and indicators when the thermal load
varies from zero to maximum.

COOLER MODEL DEVELOPMENT

When designing highly reliable thermoelectric
coolers, the following goals are pursued:

— maximum cooling capacity per thermocouple

— maximum cooling and minimum number of

thermocouples in the product;

— reduction of operating current (affects the
weight and dimensions of the cooler's power
supply);

— increasing the cooling coefficient
power consumption);

— increasing the voltage drop (affects the weight
and dimensions of the power supply);

— reducing the time to reach operating mode
(improves the dynamic characteristics of the
coolers);

— reduction in energy consumption (reduction
in energy costs);

— improvement in cooler reliability (reduction
in failure rate, and therefore an increase in the
probability of trouble-free operation);

— reduction in the heat dissipation capacity of
the radiator (affects the weight and dimensions of
the product).

Thus, when rationally designing thermoelectric
coolers taking into account the above requirements,
the developer faces a multifactorial task, the solution
to which requires selecting a combination of
parameters for the source material, current operating
mode, and reliability level.

One of the main methods for ensuring the
above requirements and improving the reliability of
coolers is the parametric method [19]. The essence
of parametric method is to improve the quality of the
initial thermoelectric materials, primarily by
increasing their efficiency and researching materials
with different combinations of parameters such as
the thermoelectric  coefficient and electrical
conductivity.

As global practice has shown, it is currently not
possible to significantly increase the efficiency of
thermoelectric materials. At the same time, with the
same efficiency of the initial thermoelectric
materials, it is possible to increase reliability
indicators by selecting combinations of parameters
such as the thermoelectric coefficient e and
electrical conductivity &. It should be noted that
using these parameters as the main ones provides

(reduces
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fairly complete information about the cooling
capabilities of modules assembled on their basis.
The nominal spread of the average values of the
specified parameters of the raw materials used in the
manufacture of standardized thermoelectric modules
lies within the following limits: e=250-165 u V/K,

6=550-1500 Sm/sm with an efficiency of z=2.4
10-3 1/K at T=300 K [20].

The use of e and ¢ as the main significant
parameters of thermoelectric materials provides
sufficiently complete information about the cooling
capabilities of modules assembled on their basis.

Table 1 shows the possible (experimentally
obtained) combinations of parameters of the source
materials in the module. These materials will be
further distinguished by the number of the
combination of parameters Me. Note that option N2 3
is a traditional combination of parameters of the
initial materials used in the manufacture of
thermoelectric modules in mass production.

To calculate the main parameters, reliability
indicators, and operating dynamics of a single-stage
thermoelectric cooler, we use the following
equations [19]:

Qo
Rk (2B —Bg —©)

n= @
|2
max K
where n is the number of thermocouples; Qg is the
heat load or heat dissipation power of the cooling
object, W; Imaxx is the maximum operating current;
Rk is the electrical resistance of the branch; B is the
relative operating current; © is the relative
temperature difference.

Given the number of thermocouples in the
thermoelectric cooler, the relative operating current
Bk can be determined from (1):

BK=1—\/1—[®+ (230 J 2)
Nl fax R

Provided that

1—£@+ ?O J:o 3)

Nlmax R
it is possible to determine the maximum cooling
capacity Qg for agiven n .

The power consumption of the cooler Wy can
be determined from the expression:

Wi = 20125k Re Bx (B +21mX @) | (4)
0
Voltage drop Uk
Uy =K ©
Coefficient of performance E
- (6)

Wk
The relative value of the failure rate %0 can be
determined from [19]

2
; (B +7A-|:rmax G)J
Z =nB?@+c) 0

2
(1 + ATmax. ®J
To

Ky, ()

Qo
2R
10%1/h is the nominal failure rate; Ky is the

significant coefficient of reduced temperatures.
The probability of failure-free operation P TEC
can be determined from the expression:

P =exp[-At] , (8)

where ¢ =

is the relative heat load; A9 =3

where t =10%h is the designated resource.

Table 1. Combinations of parameters for initial thermoelectric materials

NO él gl %1 e_2 5‘1031 )/:e_2 0}02 SI ,
uV /K Sm/sm W/sm-K W/sm-K2 W
1 250 550 14.3 0.344 0.310
2 210 800 14.7 0.353 0.318
3 200 900 15.0 0.360 0.325
4 180 1200 16.0 0.390 0.351
5 165 1500 17.0 0.410 0.370

Source: compiled by the authors
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The formula for determining the time required
to reach steady-state operation = can be expressed
as [15]:

MoCo + N M;C;

r= 1 < In J/BH (2 _ZBH) , (9)
nK(1+ 2Bk Aﬂ) eBx —Bk —©
To
12 1 RH
where y= rgax ; mgcy — product of mass
Irex k RK

and heat capacity of the cooling object. In our case,

moco —> 0 (object is absent); > mjc; — total value
i

of the product of heat capacity and mass of the

structural and technological elements on the heat-

absorbing layer of the module at a given % . The

index H  denotes the initial time moment. The
index K denotes the final moment.

Provided that the currents are equal at the
beginning and end of the cooling process

I=|3K|maxK=BH|maxH- (10)

The voltage drop U across the cooler can be
written as

U =2nlpax k Rk (B + ATT”HX 0). (11)

(0]

The amount of energy expended N can be
written as a ratio:
N=Wr. (12)
The heat dissipation capacity of a radiator aF
can be represented as

(13)

where Q=Qg +W s heat output of the cooler, W,

Tc is medium temperature, K.

The results of calculations of the main
parameters, reliability indicators, dynamic and
energy characteristics using various combinations of
parameters of the initial materials in single-stage
thermoelectric coolers at a cooling temperature level
T, =260K, environment temperature T,=290K,
heat-generating junction temperature T =300K,

thermocouple branch geometry % for different

heat loads Qp, are given in Table 2.

It is possible to select combinations of source
material parameters with the same efficiency,

namely, the thermoelectric power coefficient e and

electrical conductivity o, which allow reducing the
operating current 1, relative failure rate %0

increasing the supply voltage U, of a single-stage
cooler of the selected design with a fixed geometry

of the thermocouple branches % at practically
unchanged values: cooling coefficient E, time to
reach steady-state operation z, amount of energy
consumed N, for different thermal loads Qg and
current operating modes.

ANALYSIS OF THE MODEL

We will not consider option 2 further, since the
main parameters and reliability indicators of a
single-stage TEC based on the source material for
this option are practically identical to those for
option 3 (differing by no more than 1-5 %).

With an increase in the thermal load Qp on a
single-stage thermoelectric cooler of a given design
(n=27, thermocouple branch geometry 1/s=10), at
a cooling temperature level Tp=260K, heat-
generating junction temperature T =300K, ambient
temperature  T,=290K, and using various
combinations of source material parameters with the
same efficiency:

— relative operating current B (Fig. 1) for
various combinations of source material parameters
Ne 1, 3,4,5);

The maximum cooling
(B=1.0) (Fig. 1) is at AT =40K:

for option Ne 1 Qg max =3.2W

for option Ne 3 Qg max =3.3W
for option Ne 4 Qg max =3.5W

for option Ne 5 Qg max =3.7W.

The relative operating current B is the same for
different combinations of parameters of source

materials Ne 1, 3, 4, 5 when the thermal load Qq

changes from Qg =0 t0 Qg nax ;

— the operating current | increases (Fig. 2) for
different combinations of raw material parameters
N 1,3,4,5).

capacity  Qgmax
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Table 2. Estimated values for various options

‘QO‘ Mode ‘B‘ | ‘W‘ E ’U’Qo/n|

T

| N [aF | P [¥ho|s20° |

P

. A 72241031 §=251074V/ 5= o -3wW _
Option Ne 1, To =300K, 2=2.4-10° } | e=25.10"*V/ |5 =550SM_ 7 =14.3107°W/ | T, =200K,

Ty =260K, T =300K, AT =40K, n=27pcs, R =16.1-10730hm, | =3.84A, © =0.50

0.0 Qg =0.0 0.29 1.12 1.68 0.0 1.50 0.0 - - 0.17 57 0.18 0.54 0.999947
0.1 Fmax 0.30 1.17 1.8 0.056 1.53 0.0037 | 39.6 71 0.19 63.0 0.21 0.62 0.999938
0.5 Lmax 0.35 1.35 2.27 0.22 1.68 0.0185 | 23.1 52 0.28 92.0 0.37 112 0.99988
1.0 Amin 0.41 1.59 3.0 0.33 1.89 0.037 16.7 50 0.40 133 0.75 2.24 0.99978
2.0 14 ) 0.56 2.18 5.2 0.38 2.40 0.074 11.0 58 0.72 241 2.8 8.4 0.99916
(n 2o ) min

3.0 (n| )min 0.82 3.15 10.3 0.29 3.3 0.111 8.1 84 1.33 443 12.85 38.6 0.9961
3.2 QO max 1.0 3.84 14.8 0.216 3.86 0.119 7.5 111 1.8 600 27.6 82.8 0.99175

ion Ne 2. T. = 72241021, 6=21.10V/. 5=8005M/ 3 —14.7.10°W _
Option Ne 2. T, =300K, 2=2.4-10° 1 ,e=2110*V , 5 =8005M/ , 7 =147-10°W/[ T =300K,

AT =40K, n=27pcs, R=11.5-10"20hm, | =4.57A, ® =0.50

0.0 [Qy=0.0 029 [ 134 |17 0.0 127 |00 - - 017 [ 57 0.8 054 | 0.999946
0.1 | Frax 030 | 140 | 18 | 0056 | 130 | 00037 |36 66 019 | 64 021 0.63 | 0.999937
05 [ 035 | 160 |23 | 0217 |14 [0019 |21 49 028 |93 0.37 112 | 0.99988
1.0 [ Apmin 041 | 190 [ 30 [ 033 16 [ 0037 |15 47 040 | 133 074 22 | 099978
20 |14 | 056 [26 |52 |o038 20 [0074 |10 54 072 | 240 27 81 | 0.99919

(n Ao ) min
30 [(n) in 081 [ 37 [100 | 0.30 27 o111 [76 |76 13 | 443 121 36.2 | 0.9964
32 Qo max 10 | 457 [ 150 [o022 33 [012 6.9 [104 [18 | 608 276 82.8 | 0.9918

: - 7-24-1031 §-20.10"4V —900SM/ 5 -150.10"3W
Option Ne 3. To =300K,z=24-10 %< e=2.0-10 4,0-900 smy £ =15.0-10 SMK

To =260K, T =300K, AT = 40K, n=27pcs, R =10.42 .10730hm, 1 =4.84A, ® =0.50
00 [Qy=00 029 [ 142 [ 173 00 [122 [o00 - - 017 |58 018 | 0.54 [ 0.999947
0.00 [ Froy 030 | 147 | 184 0054 | 125 [ 00037 [ 38 |70 |[019 |65 021 | 0.63 | 0.999938
050 [ .. 035 | 169 | 232 0216 | 1.37 | 0.0185 | 19.0 | 44 | 0.28 | 94 037 |11 | 0.99989
L0 [ Amin 041 | 198 | 305 033 | 154 [ 0037 | 160 |49 | 0405 | 135 072 | 217 | 099978
20 [m14 [ 0557 | 269 | 5.23 038 | 194 [o0074 [107 56 |[o072 |24 26 78 | 099922
(n 2o ) min

30 [(nl)min 079 [38 |98 031 | 257 [o0111 [79 [78 [ 128 | 427 109 | 328 | 0.9967
33 [ Qomax 10 |48 [ 152 0216 | 315 | 0122 |72 | 109 | 185 | 617 276 | 828 | 0.99175

. [ — 7-24.10"3 e=18- —4\// o= Sny = . —3W/
Option Ne 4, To =300K, 2=24.10° 11 e =18-10*V(  5=1200SM/ . 7 =16.0-10°W/ .

To =260K, T =300K, AT =40K, n=27pcs, R = 7.81-10"30hm, | =5.79A, ® = 0.50
00 [Qy=00 029 [170 [186 |00 109 |00 - - 0.186 | 62 018 [ 054 [ 0.999947
0.00 | Frax 030 | 175 | 196 [0051 [ 112 [ 00037 363 |71 |02 |69 0205 | 0.61 | 0.999939
050 || 034 |20 |[244 [0205 [ 122 [o00185| 214 |52 [029 |98 035 | 1.05 | 0.999895
10 | Amin 040 |23 [315 [0317 [ 136 | 0037 | 156 |49 | 042 | 138 |066 |20 | 0.99980
20 | (ni %O Dmin | 053 [31 [52 [ 039 168 | 0074 [ 10555 [072 [241 |22 6.6 | 0.999934
30 [ (nl)y; 073 [ 42 [90 033 215 0111 |80 [72 |12 400 |78 233 | 09977
min

35 | Qomax 10 |58 |163 |0214 |28 0131 |68 |[112 |20 661 | 276 | 828 | 0.99175
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Table 2. Continued

: A 72241031 6-16510"4V/ & =15005M/ 5 -17.0.10-3W
Option Ne 5, To =300K, 2=24-10° 1 e =1.65-10*V{ , 5 =1500 M/ _ 7 =17.0-107*W/ .

Ty =260K, T =300K, AT =40K, n=27pcs, R =6.5-10730hm, | =6.5, ® = 0.50

00 | Q=00 [029 [19[19 [00 |10 0.0 - 65 019 [ 018 | 054 | 0.999947
050 | Frm 034 | 22|25 |020] 114 |00185 | 204 | 52 100 | 030 | 034 |10 0.999897
0 | Ao 040 | 26 | 32 | 031|125 | 0937 149 | 48 141 | 042 | 063 |19 0.99981
20 @ %, ome | 052 3452 [039 [ 154 [ 0074 101 | 53 240 | 072 | 20 6.0 0.999998
30 [ () 069 | 45|87 |035]193 |0111 77 | 67 357 |11 | 65 195 | 0.99940
37 | Qomax 10 |65 | 170 | 022 | 26 0.137 64 | 110 | 692 |21 | 274 | 823 | 0.99805

Source: compiled by the authors

The minimum operating current |, IS

provided for the combination of raw material
parameters Ne 1. The operating current | decreases
from option Ne 5 to option Ne 1;

B

1.0

0,9

0.8
0,7
0.6
0,5

0.4

0.3

0,2

0.1

1.0 2.0 3.0 40 O, W
Fig. 1. Dependence of the relative operating
current B of a single-stage TEC on the thermal
load Qq for different combinations of
parameters of the initial material 1,3,4 of equal
efficiency at T;=260K, T =300K, n=27, 1/s=10

Source: compiled by the authors

— the functional dependence of the cooling
coefficient E = f(Qy) on the heat load Qp has a

maximum Ep, =0.38 at Qg =2.0W (Fig. 3). The

cooling coefficient E is practically the same for
different combinations of parameters of the initial
material Ne 1, 3, 4, 5 in the range of thermal load

Qp changes from Qp=0.04 to Qp=2.0W when

changing from Qg =3.0W to Qg =3.7W, the cooling

capacity of the cooler increases from variant Ne 1 to
variant Ne 5;

— the voltage drop U increases (Fig. 4) for
various combinations of initial material Ne 1, 3, 4, 5.
The voltage drop U increases from option Ne 5 to

option Ne 1. The maximum voltage drop U IS
achieved when using option Ne 1;

LA

: |
, /
5.0 / 3

4,0

\\\
NN
NN

0 e
D2
v e A L~
—
1.0 —
10 20 3.0 40 Qo, W

Fig. 2. Dependence of the operating current value
| of a single-stage TEC on the thermal load Qg

for different combinations of parameters of the
initial material 1,3,4 of equal efficiency at

To=260K; T =300K; n=27; I/s=10

Source: compiled by the authors

ISSN 2617-4316 (Print)
ISSN 2663-7723 (Online)

Applied information technologies in
energy engineering and automation

353



Zaykov V. P., Mescheryakov V. I, Ustenko A.S. /

Applied Aspects of Information Technology

2025; Vol.8 No.3: 348-358

0,40

0,20

AN

_Z/
Zdl

0.10

1.0 2.0 3.0 10 O, W
Fig. 3. Dependence of the refrigeration coefficient
E of a single-stage TEC on the thermal load Q
for different combinations of parameters of the
initial material 1,3,4,5 of equal efficiency at
To=260K; T =300K; n=27; 1/s=10

Source: compiled by the authors

U,B
4,0 /1
/.
3.0 ,/// 4
yd s
1 // /
2.0 ~
T -~ 1T |
———
1.0 ="
1.0 2,0 3.0 4.0 O, W

Fig. 4. Voltage drop dependence U of a single-
stage TEC on the thermal load Qg for different
combinations of parameters of the initial material
1,3,4,5 of equal efficiency at
To=260K; T =300K; n=27; 1/s=10
Source: compiled by the authors

— the time required to reach steady-state
operation ¢ is reduced (Fig. 5) for various
combinations of raw material parameters. The time
required to reach steady-state operation is practically
independent of the combination of parameters of the
initial material Ne 1, 3, 4, 5. The minimum time
required to reach steady-state operation i, IS

ensured in the mode Qgmax for various
combinations of parameters of the initial material,

7,5

50

40

30

N\

o S

o

1,0 2,0 3.0 40 00, W
Fig. 5. Dependence of the time required to reach
steady-state operation 7z of a single-stage TEC on
the thermal load Qg for different combinations
of parameters of the initial material 1,3,4,5 of
equal efficiency at
To=260K; T =300K; n=27; 1/s=10

Source: compiled by the authors

— the functional dependence N = f(Qq) of the
amount of energy consumed Qg on the heat load
(Fig. 6) has a minimum Nip =50Ws at Qg =1.0W
for various combinations of parameters of the initial
material Ne 1, 3, 4, 5. The amount of energy
consumed N practically does not depend on the
combination of parameters of the initial material
Ne 1, 3, 4 in the range Qg from Qp=0to Qg =W,
and in the range of values Qp from Qy=2.0W to
the amount of energy consumed N decreases from
option Ne 1 to option Ne 5. The minimum value is
achieved when using option Ne 5.

Increases:

— the required heat dissipation capacity of
the radiator «F (Fig. 7) for various combinations of
raw material parameters (Ne 1, 3, 4, 5). The required
heat dissipation capacity of the radiator oF
practically does not depend on the combination of
parameters of the initial material Ne. 1, 3, 4, 5 in the
range Qp of values from Qp=0W to Qp =2.0W
and decreases from option Ne 1 to option Ne 5 with
an increase from Qg =2.0W t0 Qg max ;

— the relative failure rate 4/1g increases (Fig.
8) for different combinations of parameters of source
materials Ne 1, 3, 4, 5. The relative failure rate /1//10
decreases from option Ne 1 to option Ne 5. The
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minimum relative failure rate (1/Ag)min is achieved
when using option Ne 5;

90 /
) Vi
74
60 ///
o | Nl | A

40

\\-u
\ S

30

1.0 2.0 3.0 4.0 O, W
Fig. 6. Dependence of the amount of energy
consumed N of a single-stage TEC on the
thermal load Qg for different combinations
of parameters of the initial material 1,3,4,5 of
equal efficiency at
To=260K; T =300K; n=27; I/s=10

Source: compiled by the authors

; Y

0.6

1.0 2.0 3.0 1.0 Qo, W

Fig. 7. Dependence of the required heat
dissipation capacity of the radiator oF of a
single-stage TEC on the thermal load Qg for
different combinations of parameters of the

initial material 1,3,4,5 of equal efficiency at
To=260K; T =300K; n=27; 1/s=10

Source: compiled by the authors
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Fig. 8. Dependence of relative failure intensity
A/ g of asingle-stage TEC on the thermal load
Qo for different combinations of parameters of
the initial material 1,3,4,5 of equal efficiency at
To=260K; T =300K; n=27; I/s=10

Source: compiled by the authors

— the probability of failure-free operation P
(Fig. 8) decreases for various combinations of
parameters of raw materials Ne 1, 3, 4 and 5. The
probability of failure-free operation P increases
from option Ne 1 to option Ne 5. The maximum
probability of failure-free operation Py IS

achieved when using option Ne 5.

Analysis of the research results showed the
possibility, at a given thermal load Qg , of

— reducing: the operating current 1 by an
average of 20 % for option Ne 1 compared to option
Ne 3, traditionally used in thermoelectric instrument
engineering, and by 31 % for option Ne 1 compared
to option Ne 4;

— increase: voltage drop U by an average of
23 % for option Ne 1 compared to option Ne 3 and by
39 % for option Ne 1 compared to option Ne 4.

At the same time, the following values remain
virtually unchanged: cooling coefficient E, time to
reach steady state operation z, amount of energy
consumed N, required heat dissipation capacity of

the radiator oF , relative failure rate 1/4; and
probability of failure-free operation P in the range
of values Qp from Qp=0W to Qpmax Ccurrent
mode of operation of a thermoelectric cooler (
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n=27, 1/s=10) of a given design varies from

Qo =010 Qpmax -

In addition, the use of option Ne 5 compared to
the traditional option Ne 3 allows reducing the

relative failure rate 1/4p at a thermal loadQ : at
Qp=2.0W from A/1g=2.6to A/Ay=2.0, i.e. by
23 %; Qp=3.0W from 1/1y =10.9 to 1/4q =6.5,
i.e. by 40% and, consequently, increase the
probability of failure-free operation P .

With an increase in thermal load:

— the following increase: relative operating
current B, operating current value 1, power
consumption W , voltage drop U, required heat
dissipation capacity of the radiator «oF , relative
failure rate 4/4g ;

— the following decrease: time to reach steady
state operation ¢, probability of failure-free
operation P .

The functional dependence of the cooling
coefficient E = f(Qgp) on the thermal load Qg has a

maximum Epqx =0.38 at B =0.57 and Qg =2.0W in

mode (nl %o ) min -

The functional dependence of the amount of
energy consumed N = f(Qp) on the thermal load

Qp has a minimum N, =49Ws at Qg =1.0W,
B =0.41 in mode A, for various combinations of

parameters of source materials Ne 1, 3, 4, 5 of equal
efficiency.

CONCLUSIONS

A mathematical model of a single-stage
thermoelectric cooler of a given design has been
developed for comparative analysis and assessment
of the influence of various combinations of
parameters of the source material of equal efficiency
on the main parameters, reliability indicators,
dynamic and energy characteristics when the
thermal load varies from zero to maximum.

Analysis of the research results showed the
possibility of choosing a combination of parameters
of the initial material Ne 1 compared to options

Ne 3 and Ne 4, 5, which allow reducing the
operating current by an average of 20 % and
increasing the voltage drop by an average of 39 %
under other equal conditions.

In addition, the use of option Ne 5 compared to
option Ne 3 allows the relative failure rate to be
reduced by up to 40 %. The economic feasibility of
options Ne 1, 4, and 5 lies in the reduction of the cost
of thermoelectric coolers when using substandard
materials.
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AHOTALIS

[IpoGnema TiABHINEHHS TOKa3HHWKIB HAQJIWHOCTI CKJIAJHUX CHCTEM € (YHIAMECHTAIBHOK, OCKUIBKH JOCSTTH IOBHOI
BIZICYTHOCTI BiJMOB Y PEaJIbHUX CHCTEMaX, 1[0 B3aEMOJIIOTh i3 30BHIIIHIM CEepEJIOBUILEM, HEMOMXJIUBO. Y CydacHHX iH(pOpMamiiiHuX
cucTeMax TiJBUIIEGHHS WHMOBIpHOCTI 0e3BiZIMOBHOI pOOOTH 3a pPaxXyHOK TeMIepaTypHoi cralumizamii peXHMIB KPUTHYHHX
TCIUIOHABAHTA)KCHUX EJIEMEHTIB CHCTEMOIO 3a0e3NeUeHHs TEIUIOBHX PEXUMIB 3alUIIAEThCS akTyanbHuM. Jas ii BHpilIeHHS
PO3po0IEHO MaTeMaTH4YHY MOJEIb TEPMOECJIEKTPUYHOrO OXOJIOJKYBada 3a7aHOi KOHCTPYKI{, NpU3HAYeHy Ui IMOPIBHAIBHOTO
aHayli3y Ta OIIHKM BIUIMBY Di3HMX 00'eqHaHb KOMOiHALii NapamerpiB BHXiJHOTO TEPMOEIEKTPUYHOIO MaTepiady OHAKOBOL
e(eKTHBHOCTI Ha OCHOBHI MOKa3HMKH BHPOOY IpH 3MIHHOMY CTPYMOBOMY HaBaHTaKeHHi. HaBeneHO pe3ynbTaTH pO3paxyHKiB
MOKA3HUKIB HAaJIHHOCTI, MUHAMIYHHMX | EHEpPreTHYHHX XapaKTePUCTHK ONHO KACKAJHUX TEPMOEICKTPHYHHMX OXOJIOKYBAUiB,
reoMeTpii JIaHIOTIB TEPMOEJIEMEHTIB NpH Bapialii BapiaHTIB NOEAHAHb TapaMeTpiB BUXIJHUX TEPMOEICKTPHYHHX Marepiais.
IMoxazaHo, 1110 NpH panioHaNbHIN MOOYI0BI OJJHOKACKAIHOI'O TEPMOECJICKTPUYHOI0 OXOJIOJDKYBaya 3a0e3MeueHa MOXKINBICTh BUOOPY
BapiaHTy MOEJHAHHS MapaMeTPiB BUXIJAHOrO MaTepialy OJHAKOBOI €(EKTHUBHOCTI /Ul 3MCHIICHHS BEJIWYUHU POOOYOro CTpyMmy i
ITi/IBUIIECHHS HAINPYrd JKUBJICHHS NPHU PI3HOMY TEIUIOBOMY HAaBaHTaXeHHi. J[04aTKOBMMM 3aco0aMu yHPABIiHHSA NapameTpaMu
TEPMOCJICKTPUYHOTO OXOJIOMKYBa4ya € TeOMETPIsl FJIOK TePMOENIEMEHTIB, (Di3UUHI MapaMeTpy BUX1THUX MaTepialiB TePMOCIICMEHTIB,
BEJIMYMHA POOOYOro CTPyMY, HANpPYrH JDKEpeNa JKHBJICHHS, IHTCHCHUBHICTh BiMOB. AHaji3 pe3yJabTaTiB JOCIIIKEHb ITI0Ka3aB
MOJJIUBICTh BUOOPY BapiaHTy MO€AHAHHSA TapaMEeTpPiB BUXIJHOIO MaTepiaiy, KU J03BOJISIE 3MEHIIUTH BEJINYMHY POOOYOro CTpyMy
B CEpPeIHHOMY Ha J[BAJIIATH BiJICOTKIB I 3MEHILUTH BiJJHOCHY IHTEHCHUBHICTb BiJIMOB JJO COPOKA BiJICOTKIB 3a iHIIUX PIBHUX YMOB.
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