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ABSTRACT

The inclusion of a thermoelectric cooler in the thermal mode control circuit of a heat-loaded element operating in a pulsed mode
makes the requirements for dynamic characteristics and reliability indicators more stringent. The main parameters of thermoelectric
devices that provide a given thermal mode of operation include: the number of thermoelements, the magnitude of the operating
current and the heat dissipation capacity of the radiator. With the optimal design of a thermoelectric cooler, one should strive to
reduce the number of thermoelements, the magnitude of the operating current and the heat sink surface of the radiator. With a given
geometry of thermoelement legs, a decrease in the number of thermoelements leads to a decrease in the specified cooling capacity or
heat load. This can be compensated by an increase in the operating current, and, conversely, a decrease in the operating current leads
to the need to increase the number of thermoelements, which affects the reliability indicators. The possibility of controlling the
thermal regime of single-stage thermoelectric cooling devices while minimizing this complex is considered. The number of
thermoelements, the magnitude of the operating current and the heat dissipation capacity of the radiator were investigated in the
range of temperature drops from 10K to 60K at a thermal load of 0.5 W for different geometry of thermoelement legs. A relationship
is obtained to determine the optimal relative operating current corresponding to the minimum of the complex of the number of
thermoelements, the value of the operating current and the heat sink surface of the radiator. The analysis of the model revealed that
with an increase in the relative operating current for different geometry of thermoelement legs, the required number of thermo-
elements decreases, the time to reach a stationary mode, the relative value of the failure rate increases, and the probability of failure-
free operation decreases. The functional dependence of the coefficient of performance has a maximum; the heat sink capacity of the
radiator has a minimum, and does not depend on the geometry of thermoelements and the amount of energy expended. It is shown
that the use of the current mode of operation at the minimum value of the complex provides optimal control of the thermal mode of
the thermoelectric cooler with a minimum amount of consumed energy.

Keywords: thermoelectric cooler; thermoelements; operating current; heat dissipation capacity of the radiator; failure rate;
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INTRODUCTION. FORMULATION OF cooling capacity of the radiator. Since
THE PROBLEM thermoelements are connected in series, their

increase leads to an increase in the failure rate,
however, it allows to reduce the operating current,
the growth of which, in turn, worsens the reliability
indicators. The cooling capacity of the radiator
affects the weight and size characteristics and load
capacity, i.e. all indicators are linked. The use of a
complex of three parameters is proposed, a
relationship is obtained to determine the optimal
relative operating current, a solution corresponding
to the minimum of the complex. The cooling
capacity of the radiator affects the weight and size
characteristics and load capacities, i.e. all indicators
© Zaykov, V. P., Mescheryakov, V. I, are linked. The use of a complex of three parameters

Zhuravlov, Yu. 1., 2020 is proposed, a relationship is obtained to determine
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Modeling is a necessary stage in the creation of
thermoelectric  systems for providing thermal
conditions for electronic components operating in
heat-loaded conditions. At the same time, it is
important to highlight the most significant
parameters and features that affect the integral
characteristics of coolers, such as reliability
indicators and dynamics that determine the potential
capabilities of products. These include: the number
of thermocouples, the operating current and the

174 Information technologies in energy ISSN 2663-0176 (Print)
engineering and manufacturing ISSN 2663-7731 (Online)


http://orcid.org/0000-0002-4078-3519
http://orcid.org/0000-0003-0499-827X
http://orcid.org/0000-0001-7342-1031

Herald of Advanced Information Technology 2020; Vol.3 No.3: 174-184

the optimal relative operating current, a solution
corresponding to the minimum of the complex.

In work [1] it is shown that the functioning of
heat-loaded equipment is impossible without
systems for ensuring thermal conditions. Taking into
account the difference in heat release and the
dynamics of heat sources, such as semiconductor
lasers, ultrasonic emitters, receivers of intense
radiation, put forward new requirements for systems
for ensuring thermal conditions [2].
The need to maintain thermal conditions puts heat
flux removal systems in conditions similar to heat-
loaded elements in terms of dynamics and reliability
[3]. From the point of view of the theory of
reliability, the heat-loaded element and the heat
removal system are connected in series; the resulting
probability of failure-free operation is equal to the
product of the indicators of the components [4]. If
we take into account the requirements for the weight
and size parameters of onboard systems, then there
is practically no alternative to thermoelectric coolers
at present [5-6]. The coordination of the energy
relationship of the heat-loaded element with the heat
extraction system is considered in [7], where, on the
basis of the thermodynamic balance, interaction
surfaces and thermophysical parameters of materials
are taken into account [8]. Since the research was
carried out only for static modes, more severe
operating conditions required additional research
aimed at increasing the reliability indicators over the
entire life cycle of thermoelectric devices [9].
Particular attention is paid to the operation phase,
during which the influence of mechanical and
climatic conditions of operation, which have a
negative impact on the reliability indicators of the
cooler, was analyzed [10-11]. Further studies are
aimed at the influence of the design parameters of
thermoelectric coolers and the structural integrity of
the modules on the reliability indicators, which
made it possible to optimize the indicators by
choosing the geometric parameters [12]. Dynamic
characteristics are extremely important when
thermoelectric coolers are included in the feedback
loop [13]. This is due to the fact that in the switching
mode the reliability indices fall by an order of
magnitude and the cyclic mode of transition from
cooling to heating of the thermoelectric device is
used as a test for reliability [14-15]. The control
mode for a thermoelectric cooler assumes taking into
account both dynamic and reliability characteristics
of coolers [16]. An increase in the temperature
gradient leads to an increase in the linear expansion
of the junctions of inhomogeneous materials,
therefore, to a decrease in reliability indicators,
which is a significant problem. The work [17] is

devoted to the study of the relationship between the
reliability indicators of thermoelectric coolers with
dynamic characteristics. The questions of influence
on the reliability indicators and dynamic
characteristics of the design parameters of coolers
remained unsolved. Further research is aimed at
studying the effect of design parameters in the
operating range of current modes and temperature
drops [18]. In [19], the influence of the physical
parameters of the material of thermoelements on the
reliability indices was investigated and the
possibility of the effective influence of these
parameters on the operational indices of the cooler
was shown. The problem is to identify the most
significant indicators for control that affect the
reliability and dynamic characteristics in the range
of energy modes of operation of thermoelectric
coolers.

The purpose of this work is an analysis of the
dynamic and reliability indicators of a single-stage
thermoelectric  cooler, while minimizing the
complex: the number of thermoelements, operating
current and heat dissipation capacity of the radiator.

To achieve this goal, it is necessary to solve the
following tasks:

— to develop an analytical model for the
connection of the complex: the number of
thermoelements, operating current, heat dissipation
capacity of the radiator with the energy performance
of the thermoelectric cooler;

— to analyze the relationship between the
operating current and the number and geometry of
thermoelements, the time to reach the stationary
mode, and the failure rate.

ANALYTICAL MODEL OF THE
RELATIONSHIP OF THE RELATIVE
CURRENT WITH THE COMPLEX

The main parameters of thermoelectric devices
(TEC) that provide a given thermal mode of
operation include: the number of thermoelements,
the magnitude of the operating current I and the
heat dissipation capacity of the radiator oF . With the
optimal design of the TEC, one should strive to
reducen, |, and oF . With a given geometry of
thermoelement legs(1/S) , a decrease in the number

of thermoelements leads to a decrease in the
specified cooling capacity Q, or heat load. This can

be compensated for by increasing the operating
current 1, but an increase in the operating current |
leads to an increase in the failure rate. The
possibility of controlling the thermal regime of
single-stage thermoelectric coolers while
minimizing the complex (nlaF),;, is considered. By
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varying the number n of thermoelements, the
magnitude of the operating current |1 and the heat
dissipation capacity oF of the radiator in the range
of temperature drops from AT = 10 K to AT = 60 K
and heat load Q,= 0.5 W for different geometries of
thermoelement legs.

The number of thermoelements n of a single-
stage TEC can be determined from [20]:

_ Q 1
" R (2B, -BZ -0©) )

max K

where: Q, is the value of the heat load, W;

| _&To
max K —

is the maximum operating current at

K
the end of the cooling process, A;

ex — average value of thermoEMF coefficient of

thermoelement leg at the end of the cooling process,
V/K;

R =—— — electrical resistance of the
G;S
thermoelement leg at the end of the cooling process,
Ohm;
I and s — respectively, the height and cross-

sectional area of the thermoelement leg;

o — average value of electrical conductivity of

the thermoelement leg at the end of the cooling
process, S/ cm;
T, — heat-absorbing junction temperature, K;

Bk = — relative operating current at the

max K

end of the cooling process;
I —working current, A;
T-T,

0= — relative temperature difference;

max

T - heat-generating junction temperature, K;

AT, = 0,52 TZ — maximum temperature drop, K;
z - average value of efficiency of initial
thermoelectric materials in a module, 1/ K.
The value of the heat sink capacity of the
radiator can be determined from the ratio [20]:

B Qo +W B Qo(l“‘%z)

T.-T ) .
©=---2 _ relative temperature difference

with the environment;
T, — medium temperature, K.

The coefficient of performance e can be written
as
2B-B%-
P 3)
2B(B+ -mx @) Wi
TO

The power consumption of the w, TEC can be

determined from the expression:

AT
ﬁaxKRKBK(BK +—=

W, =2nl 0). 4)

Voltage drop U

Ug =

. ©
The relative magnitude of the failure rate %
0

can be determined from the expression [20]:

(Bx +Mﬂ®)2

T
% = ”Bé(®+C)AT—OKT , (6)
0 1+ = @)?
TO
where: C = ——%— Q __ _relative heat load;
ni max K RK
K; — significant coefficient of reduced
temperatures.

The probability of failure-free operation p of
the TEC can be determined from the expression [20]:

P =exp[-4t], (7)

where t — assigned resource, h.
We will use the relation to determine the time
of reaching the stationary operating mode 7 [18]:

2 m;C;
r= i In 7Bu(2-8,) , (8)

2B, -Bf -©
KK(1+ 2By ATWJ KooK

0
12 R
where: y:%,

max K 'K

aF T-T, AT, (0-0,)’ ) > m,C; — the total value of the product of the
here: a is the heat transf sficient. W heat capacity and the mass of the constituent
COlIEEs & SIS meal el ORI - structural technological elements on the heat-
F — radiator surface area, sm?: absorbing junction of the module at a given y ;
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R, — electrical resistance of the thermoelement

branch at the beginning of the cooling process, Ohm;
I

By = — relative operating current at the

max H

beginning r =0 of the cooling process;

ey T

| — maximum operating current at

max H —
H

the beginning of the cooling process, r=0.

Provided that the currents are equal at the
beginning and at the end of the cooling process:
I'= By lnex k = Brilyax v »

Then the expression (nlaF) for the complex
can be written in the form using (1) and (2):

AT
Q0Bx [2B (L+=_"0) + By ~©]

K =(nlaF) = — 5 .
Imax k Rk ATy (2B —Bx —©)°(0-0)

(10)

From the condition ;—Kzo , we obtain the
f
relations for determining the optimal value of the

relative operating current B, corresponding to the

minimum value of the complex (nlaF), :

AT,
Bapt +2Bop (3+2—-0) -6B2,0 -
To : (12)

AT,
2B, @+ ZTWG)H@Z =0

0

MODEL ANALYSIS

Calculation results of the main parameters,icient at the b

reliability indicators, time to reach the stationary
operating mode of a single-stage TEC at AT = 40K,
Qo = 0.5W of various geometry of thermoelement

legs % = 45; 10; 20; 40; (I =4mm = Const;
S =3x3mm?; S=2x2mm?:

S =1x1mm?) given in the Table 1.

S =1,4x1,4 mm?;

Table 1
The results of calculating the main parameters and reliability indicators for
T =300K; AT =40K; AT, =798K; ©®=05 Q,=05W; T-T,=5K
| Pexim B [R-103I,| N | |W]/[U E | | oF |nlaF| y A-108 P
S paboTsI Ao
Qo max 1,0 17,9 | 1,8/230(0,21| 0,216 |11,1| 056 | 11,2 |78 | 16 | 48 | 0,99955
(Q% Ymax | 0,707 13,4 (2,30(1,46|0,19| 0,34 | 80| 039 | 7,18 | 9.2 | 0,44 | 1,53 | 0,99985
45 (nlaF),;, | 0,62 | 455 | 11,1 13,8 | 2,51|1,35|0,20 69| 037 | 64 |102| 0,38 | 1,14 | 0,99988
] max | 050 175 4,2 [1,36]0,24| 0,37 | 56 | 0,37 | 87 [129]| 0,19 | 0,57 | 0,999944
Amin 0,40 259 | 6,6 (1,62(0,34| 031 | 48 | 0,41 | 13,0 |16,0| 0,154 | 0,46 | 0,999954
Qomax 1,0 14,7 3,9 |2,30(0,46 | 0,216 |5,02| 056 | 11,0 | 6,4 | 4,0 | 120 | 0,99880
(Q% Ymex | 0,707 11,2 |4,70(1,46|041| 0,34 |36 | 039 | 66 | 77| 1,23 | 37 | 0,99963
10| (nlaF),, | 062 | 101 | 50 |12,0| 55 [1,36|0,44| 0,36 |3,11| 0,37 | 6,3 | 88| 083 | 2,5 | 0,99975
Y 2w | 0,50 150 | 7,9 [1,36|0,54| 0,37 |2,51|0,362| 7,1 |11,0| 048 | 1,44 | 0,999861
Amin 0,40 22,7|12,0(1,62(081| 0,31 | 20 | 0414 | 9,8 [140| 0,36 | 1,1 | 0,99990
Qomax 1,0 13,8 7,9 {2,30(0,92| 0,216 [251| 056 | 11,1 | 6,0 | 6,2 | 185 | 0,9982
(Q% Ymex | 0,707 10,8 | 10,3|1,46(0,81| 0,34 [1,80| 039 | 72 | 7,4 | 2,0 | 6,0 | 099941
20| (nlaF),, | 0,62 | 202 |2,51]12,1|11,0]1,36|0,88| 0,365 [156| 0,37 | 6,4 |89 | 1,7 | 51 | 0,99949
(Y Inax | 050 14,4 | 18,3]1,36[1,04| 0,37 [1,30| 0,36 | 8,6 |[106| 0,83 | 25 | 0,99975
Amin 0,40 215(293(1,62|161| 0,31 | 1,0 | 0,41 | 12,0 |13,3| 0,68 | 2,04 | 0,99980
Qomax 1,0 12,0(16,0| 2,3 [1,84| 0,216 [1,25| 056 | 11,2 | 52 | 12,2 | 36,7 | 0,9963
(Q% Yoex | 0,707 92 (208|1,46|1,62| 0,34 |090| 039 | 7,3 | 63| 40 | 120 | 0,9988
40 | (nlaF) 4, | 062 1404 [1,25| 10,4 |22,3|1,37|1,76| 0,365 |0,78| 0,37 | 51 | 76 | 3,4 | 10,2 | 0,99898
Y e | 0,50 12,1(37,4|1,36(2,16| 0,37 |0,63| 036 | 85 |89 | 1,4 | 48 | 099958
Ammin 0,40 18,1 (59,6162 31 | 0,31 |[053| 0,41 | 13,0 [11,2| 1,36 | 4,08 | 0,99959
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Figure 1, curve 2 shows the dependence of the

optimal relative  operating  current B,

corresponding to the minimum of the complex

(nlaF),;, on the relative temperature difference .

B
1,0

0,9

0,8

0,7

0,6

0,5

0,4

03

0,2

0,1

o1 02 03 04 05 06 07 08 09 10 o

Fig. 1. Dependence of the relative operating
current B of the cooling thermoelement on the
relative temperature drop ® at for T =300K.
different current operating modes:

1 —mode Qqp.y ; 2—mode (nlaF), ;

3 - mode (Q%z)max 4 —mode A,

With an increase in the relative operating
current B for different geometry of thermoelement

legs % at AT = 40K, T = 300K, Q,= 0.5W:
— the number of thermoelements n decreases
(Fig. 2). With an increase % in the ratio, the

number n of thermoelements increases at a fixed
value B;

— the time to reach the stationary mode - decreases
(Fig. 3). With an increasey, the time - to reach
the stationary mode of operation decreases at a fixed
value of the relative operating current B ;

— the functional dependence of the coefficient
E = f(B) of performance has a maximum in the

mode (Q%z)max at B = 0.5 (Fig. 4) and does not

depend on the geometry of the thermoelement legs;
— the functional dependence of the heat sinking
capacity of the radiator oF = f(B) has a minimum

in the mode (Q%Z)maX at B= 0.5 (Fig. 4) and does

not depend on the geometry of the thermoelement
legs;

n, pc

501

40 A

30 1

10 1

Fig.2. Dependence of the number of
thermoelements n of a single-stage TEC on the
relative operating current B for different

geometry of thermoelement legs % =4.5; 10; 20;
40 at T =300K ; AT =40K ; Q, =0,5W.
Modes: 1 —Qgux ; 2 — (Q%)m 33— (nlaF) in

4_ (Q%z)rmx ; 5_ ’1min

18 1
16 1 - i
14 \

12

N
DN

I/Si=4.5
60 ! 110
‘ | LT
404 , i ! !
5 {4 | 301 2 1!
2,04 I | |
} | |

01 02 03 04 05 06 07 08 09 1.0 B

Fig. 3. Dependence of the time of reaching the
stationary operating mode of a single-stage TEC
on the relative operating current B for different

geometry of thermoelement legs % =4.5; 10;
20;40at T =300K ; AT =40K ; Q, =0,5W.
Operating modes: 1 — Qg ; 2 — (Q%)max ;3-

(nIaF)nin ; 4- (Q%z)max ; S— ﬂ‘min

178 Information technologies in energy
engineering and manufacturing

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)



Herald of Advanced Information Technology 2020; Vol.3 No.3: 174-184

ElaF.] (laF)
W/K | | L1
05406 1 i 1 r10
gk | e /
! : ! 1 9.0
: E
04405 2.0
| /
f T / 7.0
[}
=1 \1&/ \ [0
I
: | i \ rs.0
I | |
02103 oo k4.0
I | |
I | |
1 3.0
I I |
I | |
01402 1 T 1 F2.0
F1.0
01 02 03 04 05 06 07 08 09 10 B

Fig. 4. Dependence of the coefficient of
performance E , heat dissipation capacity of the
radiator oF and the value (nlaF),;, of asingle-

stage TEC on the relative value of the operating
current B at T =300K ; AT =40K ; Q, =0,5W.

—the functional dependence of the complex
(nleF)= f(B) has a minimum in the mode

(nlaF),;, at B =0.62 (Fig. 4) and does not depend

on the geometry of the thermoelement legs;

—the relative magnitude of the failure rate %
0

increases (Fig. 5); with an increase in the ratio y ,
the relative failure rate % increases at a fixed
0

operating current B ;
—the probability of failure-free operation P

decreases (Fig. 5). As the ratio % increases, the

probability of failure-free operation P decreases at
a fixed relative operating current B ;

—the functional dependence of the amount of
consumed energy N = f(B) has a minimum at

B =0,71 in the mode (nlaF),, (Fig. 6).
As the ratio % increases, the amount of

consumed energy N decreases at a fixed relative
operating current B . The results of calculating the
main parameters, reliability indicators and the time
to reach the stationary operating mode (nlaF) in the

mode for various temperature drops from AT = 10K
to AT = 60K at % = 4.5 cm-1 are shown in Table 2.
From the analysis of Table 2, it follows that

with an increase in the temperature AT difference in
the mode (nlaF),;, Wwith a given geometry of

thermoelements % =45cmtand Q,=0.5W:

Al2, P
—— IS =45 10
— -
s =
2 e
. //< \ 10
18 0,999
N o Y
AN AN
16 \
NO
14 \ 0,998
12
5 la |3 12 1
10 /\ 0,997
8,0
40
6,0 / 0,996
Ay LT 20
e E—— L |
40
2,0 — 10 0,995
ﬁﬁ//S 75=i45

01 02 03 04 05 06 07 08 09 10 B

Fig. 5. Dependence of the relative magnitude of the
failure rate % and the probability of failure-free
0

operation P of a TEC on the relative operating
current B for different geometry of thermoelement

legs 1/ at 4 Qo (65— A

egS A a (nIaF)mn (/2)@)( min

T =300K ; AT =40K ; Q, =05W ; 1=310281/h;
t=10*h

Modes: 1 — Qgmax 3 2 — (Q%)max ;3= (nlaF) i

4- (Q%z)m $5— A

01 02 03 04 05 06 07 08 09 10 B

Fig. 6. Dependence of the amount of consumed
energy N of a single-stage TEC on the relative
operating current B for different geometry of

thermoelement legs % at T =300K ; AT =40K ;
Qy=05W ; 2=3¢10%1/h; t=10%h.
Operating modes: 1 — Qquax ; 2 — (Q%)max ;

3- (n|0l|:)m-n ; 4— (Q%z)rmx ) 5— /?“min

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)

Information technologies in energy 179
engineering and manufacturing



Herald of Advanced Information Technology 2020; Vol.3 No.3: 174-184

Table 2

The results of calculating the main parameters and indicators in the mode (nlaF),;,
at T= 300K, Q,= 0.5W, % =45cm?

B n | E W T B Y U 104 aF A 108 P
s K -10 Ao 2-10
AT =10K; T,=290K; AT, =101K; ©®=01 R=4,89-10°0hm; I, =12,0A
0215| 25 | 258 | 266 | 0188 | 38 | 021 | 1,06 | 0073 | 347 |0138] 00026 | 0,0079 | 0,99999921
AT =20K; T,=280K; AT, =937K; ©®=0213; R=474-10°0hm; I, =118A ©=0,213;
— . -3 - _
035 | 21 | 41 | 124 | 040 | 57 Ria3574 195 [Condmax 38488018 | 0,023 | 0070 | 0,9999930
AT =30K; TO =270K; Ame =86,8K; ®=0,346; R =4,69-10"30hm; Imx =11,46 A
048 |214| 55 | 068 | 074 | 79 | 045 | 123 | 0135 | 351 | 025 | 0104 | 031 | 0999969
AT =40K; T, =260K; AT,, =79.9K; ®=050; R=455-10"°0hm; I =111A
062 | 251| 69 | 037 | 1.35 |102| 056 | 1.32 | 020 | 356 | 037 | 039 | 116 | 099988
AT =50K; T,=250K; AT, =731K; ©=0684; R=441-10"°0hm; I, =109A
077 | 37 | 84 | 018 | 2,84 |140| 070 | 143 | 034 | 356 | 067 | 14 | 42 0,09958
AT =60K; T,=240K; AT, =66,8K; ©®=090; R=433-10"0hm; I, =1053A
093 |106| 98 | 0044 | 11,3 | 22.5| 082 | 1,547 360 | 236 | 84 | 252 0,9975

— the value of the operating current | increases, the
refrigerating coefficient E decreases (Fig. 7);

— the functional dependence n= f(AT) of the
number of thermoelements has a minimum in the
mode (nlaF);, at AT = 20K (Fig. 7);

)

I.A

n, pc

10 + 10+

9.0 19.0
8.0 8.0
7.0 T 7.0
6.0 76.07
5.0 75.0¢

40 14,0/

\/
A\
//\m\l“*

3.0713.0

20120

1.0 1+ 1.0

10 20 30 40 50 60 AT.K

Fig. 7. Dependence of the number of
thermoelements n, the value of the operating
current 1 and the coefficient of performance E of
a single-stage TEC on the temperature difference
in the mode (nlaF),;, at T=300K;

Q, = 0.5W; % =4.5cm !

— the time - to reach the stationary operating mode
increases (Fig. 8);

— the heat dissipation capacity of the radiator =
aF increases (Fig. 8).

aF , W/K

409

10.8

10.7

{06

+o.5+

e

404+

403+

10.1

10 20 30 40 50 60  AT.K

Fig. 8. Dependence of the time - of reaching the
stationary operating mode, the heat-removing
capacity of the radiator oF of a single-stage TEC
on the temperature difference AT in the mode

(NlaF)y, at T=300K; Q,=0.5W; L =4.5cm™
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— the relative failure rate % increases (Fig. 9);
0

— the relative magnitude of the failure rate increases,
especially at large temperature differences (Fig. 9);
— the probability of failure-free operation P
decreases (Fig. 9).

A2 P
10

12 N
11
10 \
\

9,0
8,0
7.0
6,0 /
50

AlA,
40 =
3,0
2,0 y /
1,0 — 0,994

0,999

0,998

0,997

0,996

0,995

10 20 30 40 50 60 AT, K

Fig. 9. Dependence of the relative magnitude of
the failure rate % and the probability of
0

failure-free operation P of a single-stage TEC on
the temperature difference AT in the mode

(NlaF), at T=300K; Qo =0.5W; £ =4.5cm™

Analysis of Fig. 8 allows you to select the
dynamic mode of operation when controlling the
take-off of the heat load, and Fig. 9 defines the

permissible temperature differences for reliable
operation.

CONCLUSIONS

1. A relation is obtained for determining the

optimal relative current B, corresponding to the

minimum value of the complex (nlaF),, , which

provides the possibility of optimized control of the
energy characteristics of the thermoelectric cooler
according to the criterion taking into account the
reliability indicators expressed in terms of the
number of thermoelements, the operating current
and the weight and size characteristics of the
radiator.

2. An optimized analytical model has been
developed for controlling the thermal regime of a
single-stage thermoelectric cooling device providing
thermal regimes of heat-loaded equipment while
minimizing a complex consisting of three main
parameters (nlaF) in the range of temperature drops

from AT = 10K to AT = 60K at a stationary heat load
Q, = 0.5W.

3. The use of the current mode (nlaF),, of

operation for controlling the thermal mode of a
single-stage thermoelectric device makes it possible
to provide a minimum amount of consumed energy,
which is important for on-board information
systems, where this indicator, along with the weight
and size characteristics, is critical.

REFERENCES

1. Shalumova, N. A, Shalumov, A. S, Martynov, O. Yu. & Bagayeva, T. A. “Analysis and provision of
thermal characteristics of radioelectronic facilities are using the subsystem ASONIKA-T”. Advances in

modern radio electronics. 2011; 1: 42—49.

2. Zebarjadi, M., Esfarjani, K., Dresselhau,s M. S., Ren, Z. F. & Chen, G. “Perspectives on
thermoelectrics: from fundamentals to device Applications”, Energy & Environmental Science. 2012; Vol. 5

No. 1: 5147-5162.

3. Sootsman, J. R., Chung, D. Y. & Kanatzidis, M. G. ,,New and Old Concepts in Thermoelectric
Materials”. Angewandte Chemie International Edition. 2009; 48: 8616-8639.

4. Ping, Yang. “Approach on thermoelectricity reliability of board—level backplane based on the
orthogonal experiment design”. International Journal of Materials and Structural Integrity. 2010; 4(2-4):

170-185.

5. Hyoung-Seuk Choi, Won-Seon Seo & Duck-Kyun Choi.
Life

Thermoelectric  Module through  Accelerated

“Prediction of Reliability on

Test and Physics—of-Failure”.  Electro-

nic_Materials_Letters 7. 2011. p. 271-275. DOI: 10.1007/s13391 —011 —0917 —x.
6. En Fang, Xiaojie Wu, Yuesen Yu & Junrui Xiu. “Numerical modeling of the thermoelectric cooler
with a complementary equation for heat circulation in air gaps”. Open Physics. 2017; Vol. 15: 27-34. DOI:

10.1515/phys-2017-0004.

7. Farshad Tajeddini, Mohammad Eslami

& Nazanin FEtaati. “Thermodynamic analysis and

optimization of water harvesting from air using thermoelectric coolers”. Journal Energy conversion and

management. 2018; Vol.174: 417-429.

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)

Information technologies in energy 181
engineering and manufacturing


http://www.inderscienceonline.com/author/Yang%2C+Ping
https://www.researchgate.net/scientific-contributions/2110668140_En_Fang
https://www.researchgate.net/scientific-contributions/2110624889_Xiaojie_Wu
https://www.researchgate.net/scientific-contributions/2110615032_Yuesen_Yu
https://www.researchgate.net/scientific-contributions/2124822079_Junrui_Xiu
https://www.researchgate.net/publication/315322858_Numerical_modeling_of_the_thermoelectric_cooler_with_a_complementary_equation_for_heat_circulation_in_air_gaps
https://www.researchgate.net/publication/315322858_Numerical_modeling_of_the_thermoelectric_cooler_with_a_complementary_equation_for_heat_circulation_in_air_gaps

Herald of Advanced Information Technology 2020; VVol.3 No0.3:174-184

8. Rowe, D. M. “Thermoelectrics and its Energy Harvesting”. Materials, Preparation and
Characterization in Thermoelectrics. Boca Raton: CRC Press. 2012. 544 p.

9. Leila Bakhtiaryfard & Yeong Shu Chen. “Design and Analysis of a Thermoelectric Module to
Improve the Operational Life”. Advances in Mechanical Engineering. 2014; 7(1): 152419-152419. DOI:
10.1155/2014/152419.

10. Manikandan, S., Kaushik, S. C. & Yang, R. “Maodified pulse operation of thermoelectric coolers for
building cooling applications”. Energy Conversion and Management 140. 2017. p. 145-156. DOI:
10.1016/j.enconman.2017.03.003.

10. Hee Seok Kim, Tianbao Wang, Weishu Liu & Zhifeng Ren. “Engineering Thermal Conductivity
for Balancing Between Reliability and Performance of Bulk Thermoelectric Generators”. Advanced
Functional Materials. 2016; Vol. 26: 3678-3686. DOIl.org/10.1002/adfm.201600128.

11. Ugur Erturun, Karla Mossi & A Feasibility. “Investigation on Improving Structural Integrity of
Thermoelectric Modules with Varying Geometry”. Smart Materials, Adaptive Structures and Intelligent
Systems. 2012. p. 939-945. DOI: 10.1115/SMASIS2012-8247.

12. Changki, Mo. “Structural Reliability Evaluation of Thermoelectric Generator Modules: Influence of
End Conditions, Leg Geometry, Metallization, and Processing Tempera-tures”. Journal of Electronic
Materials. 2018; Vol. 47 Issue 10: 6101-6120. DOI: 10.1007/s11664-018-6505-1.

13. Manikandan, S, S. C. Kaushik & Ronggui Yang. “Modified pulse operation of thermoelectric
coolers for building cooling applications”. Energy Conversion and Management 140. 2017. p. 145-156.
DOI: 10.1016/j.enconman.2017.03.003.

14. Haopeng Song, Kun Song & Cunfa Gao. “Temperature and thermal stress around an elliptic
functional defect in a thermoelectric material”’. Mechanics of Materials. 2019; Vol. 130: 58-64. DOI:
10.1016/j.mechmat.2019.01.008.

15. Jurgensmeyer, A. L. “High Effi-ciency Thermoelectric Devices Fabricated Using Quantum Well
Confinement Techniques”. Colorado State University. 2011. 54 p.

16. Zaykov V., Mescheryakov V. & Zhuravlov Yu. “Analysis of the possibility to control of the inertia
of the thermoelectric cooler”, Eastern—European Journal of Enterprise Technologies. 2017; 6/8 (90): 17-24.

17. Zaykov, V., Mescheryakov, V., Zhuravlov Yu. & Mescheryakov, D. (2018). “Analysis of dynamics
and prediction of reliability indicators of a cooling thermoelement with the predefined geometry of
branches”, Eastern—European Journal of Enterprise Technologies, No. 5/8 (95): 41-51.

18. Zayko, V., Mescheryakov, V. & Zhuravlov, Yu. “The choice of combinations of parameters of
thermoelectric materials for the development of high reliability coolers”. East European Journal of
Enterprise Technologies. 2015; No. 3/8 (75): 4-14.

19. Zaikov, V. P., Kinshova, L. A., Moiseev, V. F. Prediction of reliability on thermoelectric cooling
devices. KN.1 Single-stage devices. Publ. Politehperiodika. Odessa, Ukraine: 2009. 120 p. (in Russian).

DOI: 10.15276/hait.03.2020.6
UDC 004. 621.396

AHani3 TuHAMIYHKUX | HAZIIHICHUX MOKA3HUKIB TEPMOEJIEKTPUYHOTO
0XO0JI0KyBa4Ya MPU MiHIMi3alii KoMILTeKCy
3 TPhOX OCHOBHHX NapaMeTPOB

Bosogumup II. 3aiikoB

Inctutyt «ILITOPM», Opneca, Ykpaina

ORCID: http://orcid.org/0000-0002-4078-3519

Bosogumup 1. Memepsikos

OpnechbKOro JIep)KaBHOTO €KOJIOTiYHOTo yHiBepceuTety, Oneca, Ykpaina
ORCID: http://orcid.org/0000-0003-0499-827X

HOpiii 1. Kypasavos

Harmionaneuuit yniBepcutet «Oecbka Mopcebka akanemis», Oneca, Ykpaina
ORCID: http://orcid.org/0000-0001-7342-1031

182 Information technologies in energy ISSN 2663-0176 (Print)
engineering and manufacturing ISSN 2663-7731 (Online)



Herald of Advanced Information Technology 2020; Vol.3 No.3: 174-184

AHOTANIA

BKiTIOYeHHST TepMOEIEKTPUIHOTO OXOJIOIKYBada B JTAHIIOT YIPABIIHHS TEIIOBHM PEXHMOM TEIUIOHABAHTAXKEHOTO SJIEMEHTY, SIKHI
MIPAIOE B IMITYJILCHOMY PEKHMI, IIOCHIIIOE BUMOTH 10 JMHAMIYHUX XapaKTEPUCTHK i MOKa3HWKIB HamiiHocTi. K unciry ocHOBHMX
napaMeTpiB TEPMOEIEKTPUYHHUX HPUCTPOIB, M0 3a0e3MeUyloTh 3aJaHuil TEIUIOBHH PeXUM (YHKIIOHYBAaHHSA, HaJeKaTh: KUIBKICTh
TEPMOEJIEMEHTIB, BeIWYMHA pOOOYOro CTPyMy 1 TEIJIOBIABIAHA 37aTHICTH pagiaropa. [Ipu onTuMambHOMY NPOEKTYBaHHI
TEPMOETIEKTPUYHOTO OXOJIO/XKYyBaua HaJISKUTh MPArHyTH 0 3MEHIIEHHs KiNbKOCTI TEPMOEIEMEHTIB, BETHYMHNA POOOUOTO CTPyMY i
TEIUIOBIBiAHOT MOBEpXHi paaiaTopa. Ilpu 3amaniil reoMeTpii T'JIOK TEPMOEIEMEHTIB 3MEHIIEHHS KUIBKOCTI T1JIOK TEPMOCIEMEHTIB
NPU3BOANTH JO 3MCEHIICHHS 3aJaHOi XOJOMONPOXYKTHBHOCTI a00 TEIIOBOrO HaBaHTaXeHHS. lle MOXIMBO KOMIEHCYBAaTH
30UTBIIEHHSIM POOOYOro CTPyMy, i, HABIAKH, 3MEHIICHHS BEJIMYMHU POOOYOro CTPyMy IPU3BOIMTH O HEOOXiMHOCTI 301MBIICHHS
KiJIBKOCT] TEPMOEIIEMEHTIB, 110 BIUIMBA€ HAa MOKa3HUKHU HaAIHHOCTI. PO3MIITHYTa MOSKIIMBICTD YIIPABIiHHS TEIUIOBUM PEXMMOM OIHO
KacKaJHUX TEPMOCNICKTPUYHUX OXOJOUKYIOUMX TIPHCTPOIB IpH MiHIMi3amii maHOTO KOMIUIEKCY. 3MiHIOBajdach KiJIbKiCTbh
TEepPMOEJIEMEHTIB, BennunHa pobdoyoro crpymy BinlOK no 60K mpu temoBomy HaBanTaxkenHi 0,5 BT anst pizHoi reomerpii rinok
TepmoesieMeHTiB. OniepKaHo CIiBBIAHOLICHHS AJsl BU3HAYCHHS ONTHMAJIBHOTO BITHOCHO POOOYOro CTpyMy, BiIIOBITHOTO MiHIMyMY
KOMIIJIEKCY KUIBKOCTI TEPMOEIEMEHTIB, BETMYMHNA POOOYOro CTPyMy 1 TEIUIO BiBiAHOI MOBEpXHi paaiaTopa. AHami3 MOAENI BUSBUB,
[0 IPH 3pOCTaHHI BiAHOCHOTO poOOYOro CTpyMy IUIA Pi3HOI TeOMeTpii IiIOK TEPMOEIEMEHTIB 3MEHIIYEThCS HEOOXiIHA KiNbKICTh
TEPMOEIEMEHTIB, Yac BUXOJy Ha CTAI[lOHAPHUH PEXUM, ITiJBUIY€ETHCS BEINYMHA IHTCHCUBHOCTI BiZ]MOB, 3MEHIIYETHCS BIPOTiAHICTH
6e3BiTMOBHOI po6oTH. PyHKIIOHANBHA 3aJI€XKHICTh XOIOJHIBHOTO KOeillieHTy Mae MakCMYM, TeTUIOBIABIIHA 3aTHICTh pagiaTopa
Mae MIHIMyM, 1 HE 3aleXaTb BiJ TreoMeTpil TepMOEeNeMEeHTIB i KiTbKOCTI BHKOpHcTaHOi eHeprii. [loka3zaHo, 10 BHKOpHCTaHHS
CTPYMOBOT'O PEKMMY POOOTH IpH MIiHIMAIEHOMY 3Ha4eHHI KOMIUICKCY 3a0e3ledye ONTHMATbHE YIPABIiHHS TEIUIOBHM DPEKUMOM
TEPMOETIEKTPHYHOTO OXOJIOIKyBaya IPH MiHIMaIbHOI KITBKOCTI BUKOPUCTAHO1 €HEeprii.

Ki1r04yoBi cj10Ba: TepMOECTEKTPUYHHIIA OXOJIOIKYBad; TEPMOEIEMEHTH; POOOUHIl CTPYM; TEIUIOBIIBIIHA 34AaTHICTH paaiaTopy;
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AHHOTALIUS

BrutoueHne TEpMOIJIEKTPUUECKOTO OXJIaJuTeNsi B LEMb YIPABICHUS TEIUIOBBIM PEXUMOM TEIUIOHATPYKEHHOTO JJIEMEHTa,
paboTaronero B UMIyJIbCHOM PEXHUME, YIKECTOUAET TPeOOBaHUS K JUHAMUYECKHM XapaKTepPUCTUKAM U T0Ka3aTessiM HajexxHocTh. K
YHCIYy OCHOBHBIX MapaMeTpoB  TEPMOIICKTPUYECKUX  YCTPOMCTB, OOCCIEUMBAMONIMX  3aJaHHBI  TEIUIOBOH  PEXUM
(YHKIIMOHUPOBAHKS, OTHOCSTCS: KOJMYECTBO TEPMOIJIEMEHTOB, BEIMYMHA pabouero TOKa W TEIUIOOTBOAALIAs CIIOCOOHOCTH
pammaropa. [Ipn onNTHMambHOM TPOEKTHPOBAHHU TEPMODJIEKTPHUECCKOTO OXJIAAUTEIS CIEAyeT CTPEMHTBCS K YMEHBIICHHIO
KOJIMYECTBAa TEPMODIIEMEHTOB, BEIMYMHBI pab0ouero Toka W TETUIOOTBOMAIICH MOBEPXHOCTH paauaropa. [Ipu 3agaHHON TeoMeTpun
BETBEH  TEPMODJIIEMEHTOB  YMEHBIIEHHE  KOJIMYECTBA  TEPMODJIEMEHTOB  NPUBOJUT K  YMEHBUICHHIO  3aJaHHON
XOJIOIOTIPOU3BOTUTEILHOCTH JTHOO TEIIOBOW HArpy3KH. DTO MOXKHO KOMIIEHCHPOBATh YBEIMYCHHUEM pabouero Toka, U, Ha000poT,
yMeHbLLleHI/Ie BCIIMYUHBI pa60qero TOKa MNPHUBOAUT K HeOGXO}lI/IMOCTI/I yBeJ’II/I‘{eHI/Iﬂ KOJIMYECTBA TCPMODJICMEHTOB, YTO BJIMACT Ha
NOKa3aTeal HaJeKHOCTH. PaccMOTpeHa BO3MOXKHOCTH YNPABICHUS TEIUIOBBIM PEKUMOM OJHOKACKAIHBIX TEPMOAICKTPUUECKHX
OXJIXJAIOIMX YCTPOICTB NpH MUHMMH3ALMU JAaHHOTO KoMmiuiekca. MccenenoBanock KOMHYECTBO TEPMO3JIEMEHTOB, BENIWYMHA
pabodero Toka M TEMJIO0TBOAAIIAs CIIOCOOHOCTH paguaTopa B Iuana3oHe nepenanoB Temmneparypsl o 10K no 60K npu teruoBoit
Harpy3ke 0,5 Bt mis pasnuuHoil reomMeTpun BeTBel TepMOdIeMEHTOB. [10ydeHO COOTHOIICHHE A ONMpPEAETICHUs] ONTHMAITBHOTO
OTHOCUTEIBHOTO Pab0vYero TOKa, COOTBETCTBYIOIIETO MHHUMYMY KOMILIEKCa KOJMYECTBA TEPMODJIEMEHTOB, BEIIMYMHBI padouero
TOKa U TEIJIOOTBOJAIICH MOBEPXHOCTH paguaropa. AHAIN3 MOJEIH BBISBWJI, YTO C POCTOM OTHOCHTEIBHOTO paboduero Toka JUis
Pa3IM9YHON TEOMETPUH BETBEH TEPMOIIEMEHTOB YMEHBIIAETCS HEOOXOIMMOE KOJIHMYECTBO TEPMODIIEMEHTOB, BpPEeMs BBIXOJa Ha
CTaL[I/IOHaprlﬁ PEXUM, yBeJ’lI/I‘lI/IBaeTCﬂ OTHOCHUTCJIbHAA BCJIHMYHMHA HWHTCHCHBHOCTH OTKAa30B, yMeHbLl.laeTCS[ BEPOATHOCTDH
6e30Tka3zHOil paboThl. DyHKIHOHAJIbHAs 3aBUCHMOCTh XOJOAWIBHOTO KO3((UIMEHTa HMMEeT MaKCHMYM, TeIJIOOTBOASIICH
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CIIOCOOHOCTH paJaTopa MMeeT MHHHUMYM, M HE 3aBHCAT OT I'€OMETPUH TEPMOIJIEMEHTOB M KOJIMYECTBA 3aTPAYCHHOIN SHEPIUH.
ITokazaHo, 4TO HCIONB30BaHKHE TOKOBOTO PEXKUMa PabOThI MPU MUHUMAIBHOM 3HaYEHUH KOMIITEKCa O0EeCIeYrBaeTCsl ONTHMAIBHOE
YIpaBlICHUE TEIUIOBBIM PEXUMOM TEPMONIEKTPUUECKOrO OXJIaJUTEIIsl IIPU MUHUMAJIbHOM KOJIMYECTBE 3aTPadeHHOM SHEPIUU.

KnrodeBble cJI0Ba: TEpPMODIEKTPUYECKHUI OXJIQIUTENb, TEPMODJIEMEHTHI, paboumil TOK; TEIUIOOTBOJAIIAS CHOCOOHOCTH
pazuaropa; MHTEHCUBHOCTb OTKa30B; BPEMs BBIX0JIa HA PEIKUM
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