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ABSTRACT

The paper presents the development of method of thermoelectric system reliability indexes control for providing thermal modes
of radio electronic equipment, based on thermoelectric coolers medium temperature variation. A mathematical model for
investigating influence of the environment temperature variation on the reliability performance of a single-cascade thermoelectric
cooler at a given temperature level of cooling, thermal load, geometry of thermoelement branches for different characteristic current
operating modes is considered. The results of calculations of the basic parameters, reliability indices, dynamic characteristics and the
analysis of dependences are given for revealing the peculiarities of control processes. It is shown that decreasing the medium
temperature at a given chiller design decreases the operating current, increases the cold-productivity, and decreases the time of
reaching a steady-state operating mode for various characteristic current operating modes. The time to steady-state operation
decreases from the minimum failure rate to the maximum cooling capacity at a fixed medium temperature. The minimum steady-
state operation time is ensured in maximum cooling capacity mode. Reduction of such significant for control indices as the amount of
consumed energy for different characteristic current operation modes, required heat dissipation capacity of the radiator, time of
reaching the steady-state mode is noted. Analysis of research results has shown that it is possible to control indicators of reliability of
a single-stage cooler of a given design by changing the medium temperature by changing the value of operating current. A change in
the medium temperature of the thermoelectric cooler due to an external supporting device makes it possible to vary the reliability
indices and to find a compromise between the reliability, dynamics and cooling capacity of the thermal mode support system.
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INTRODUCTION temperature conditions, so the focus of research on
improving reliability and dynamics is mainly on
thermoelectric coolers. The considered design and
energy methods of improving reliability and
dynamics of thermoelectric coolers contribute to
solving problems of controllability of thermal mode
support systems. However, these methods do not
allow managing reliability indicators operatively.
They refer to the design of thermoelectric devices
and are designed for fixed modes, which is
important for critical operating conditions. The task
of management of reliability indicators of the system
of ensuring thermal modes of electronic equipment
in real time processes remains actual.

The three-component structure of the thermal
management model includes heat extraction, transfer
and dissipation to the environment. The
thermoelectric method of thermal management has
significant advantages over the compression method
in terms of reliability, dynamic performance, ease of
control, small size and weight. However,
thermoelectric coolers have a lower cooling
capacity, which limits the scope of application to
local heat-loaded objects. The combined use of
thermoelectric and other types of coolers has the
potential to provide new system possibilities. The
most critical part of the thermal management system
is the thermoelectric cooler; as it is in direct contact LITERATURE REVIEW
provision system is under more preferential with the

heat-sensitive component. The rest of the Qualitative approach of reliability indicators

representation [1, 2] is based on binary description

of non-repairable products according to the
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principle of serviceability, typical representative of
which are thermoelectric coolers. Accelerated tests
are typical for such representation in the analysis of
experimental studies [3, 4]. Serial connection of
thermoelements and failure of any of them leads to
the cooler inoperability. This makes it possible to
apply well-developed mathematical models to
describe the life cycle indicators of the products [5,
6]. When the probability of failure-free operation is
above 0.95 for thermoelectric coolers, it is correct to
apply an exponential law of distribution, which
promotes the use of analytical models [7, 8]. A
considerable number of series-connected
thermoelements in the cooler allowed considering
the failure rate as a constant value with sufficient
accuracy [9]. This provided obtaining of analytical
connection of reliability indexes with structural [10,
11], mechanical [12, 13], thermal [14], technological
and power [15] indexes. The result of this research
was development of mathematical model of
thermoelectric cooler [16], which quantitatively
connects failure rate with design and energy indices.
However, these developments were limited to static
models and did not take into account dynamics
issues relevant for thermal management systems [17,
18]. In [19] the results of studies of inertia of a solid-
state cooler and connection of reliability indicators
with design and energy performance are given.
However, control issues related to the use of
thermoelectric coolers in the feedback circuit have
not been discussed. The issues of thermoelectric
cooler operation mode control by complex indicators
are considered in [20]. Variation of the complex
parameters is focused on different features of cooler
application, taking into account the mass-size
characteristics, power consumption, and time to
reach the steady-state mode. At the same time, there
is a class of tasks that needs the management of
reliability indicators to increase the lifetime of the
system. Considerable time of functioning of such
systems is in a stand-by mode of tracking, for which
current modes with low intensity of failures can be
used, and only for a short time they function in a
critical operating mode. Obviously, the resulting
uptime of the system can be increased by controlling
the failure rate.

PURPOSE AND OBJECTIVES OF THE
STUDY

The purpose of the work is to determine the
possibility of operational management of reliability
indicators of thermoelectric cooler of the system to
provide thermal modes of electronic equipment.

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

1. To develop a reliability-oriented
mathematical model of thermoelectric cooler,
linking design, energy, dynamic and reliability
characteristics.

2. To analyses the developed model to identify
significant links of control action with reliability
performance.

DEVELOPMENT OF A THERMOELECTRIC
COOLER MODEL

When constructing single stage thermoelectric
coolers (TEC) with a given temperature level Ty of

cooling and a constant heat load Qg operating at
varying media temperaturesT;, it is necessary to

determine the influence of the media temperature T

on the reliability performance.

For this purpose, we first determine the number
n of thermocouples for characteristic current modes
of operation at the maximum medium temperature

Temax- Then, at a given number n of

thermocouples for different characteristic current
modes of operation, determine the basic parameters,
reliability indicators and dynamic characteristics of a
single-stage thermoelectric cooler when the medium

temperature T; varies in the range T.in from to
Temax -

Let's consider a possibility of management of
reliability indexes, namely, relative failure rate /1//10

and probability of non-failure operation P of single-
cascade thermoelectric cooler of different designs (

n=Var, 1/S=45) at changing of environment
temperature T, from T;=333K (+60°C) to T,
=293K (+20°C) for given cooling level Tq=293K,
thermal load Qp=5.0 W and temperature of heat-
generating junctions T =T, +5K and using branch

geometry (ratio 1/S).

The results of calculations of the main
parameters, reliability and dynamic characteristics of
single stage TECs of different designs are shown in
Table 1.

The main significant parameters were
calculated for the initial characteristic current
operation modes at T, =333K:

Qomax (B=1), (0=14); 2) (N)min, (N=17); 3)
(m%ﬂr)mm,(nm):: 4 Amin, (N=61),

followed by a change of medium temperature to
T, =293 K.
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Table 1. The results of the basic parameter calculations at

To=293K, T-T,=5K,

I/S =45 Qy=50W

T, | B R-10% | Tmax: | I W, U, |[E|O®|%|N, Qo aF, y ;t~108, P
K o A A lw |V s lws | n |w/Kk |/ h

Mode Qya (B=1), n=14, T =333K

333 | 1.0 55 | 10.8 10.8 | 20.8 | 1.9 024 | 044 |59 |124 | 0.36 | 5.2 | 14.1 | 42.3 | 0.9958
323 | 067 |54 | 110 |74 9.6 1.3 0.52 | 0.34 | 5.7 |55 036 |29 |79 8.6 0.99914
313 | 053 |52 | 113 |6.0 6.1 1.0 0.82 | 024 | 46 | 28 036 | 22 | 1.0 3.0 0.99970
303 [ 043 |51 | 115 |49 3.9 0.80 | 1.3 015|129 |11 036 |18 | 037 |11 0.99989
293 [ 036 |50 | 1154 (4.1 2.5 0.60 | 2.0 005 |11 |27 |036 |15 |0.14 | 0.42 | 0.999958
Mode (N1),, N=17, T =333K

333 | 066 | 5,5 | 10.8 72 121 | 1.7 041 | 044 | 7.7 |93 029 |34 |34 10.3 | 0.99898
327 | 053 |54 | 110 |59 |79 1.3 0.64 | 034 |70 |53 029 |26 | 1.3 4.0 0.99960
313 | 043 |52 | 113 |48 |51 1.0 098 | 0.24 | 57 | 29 0.29 | 2.0 | 0.48 | 1.45 | 0.99986
303 [035 |51 |115 |40 | 3.2 0.80 | 1.6 0.15 | 38 |12 0.29 | 1.6 | 0.17 | 0.51 | 0.999948
293 | 028 | 5.0 | 115432 |19 0.60 | 2.6 005 |14 |27 |029 |14 |0.06 |0.18 | 0.999983
Mweanfgoﬂmm, n=27, T=333K

333 | 048 | 55 | 10.8 51 (104 | 2.0 048 | 0.44 | 110 | 115 { 0.18 | 3.1 | 1.3 4.0 0.99960
327 {039 |54 | 110 |43 |69 1.6 0.73 | 0.34 | 9/8 68 0.18 | 24 | 0.53 1.6 0.99984
313 {031 |52 | 113 35 |43 1.3 1.15 | 0.24 | 8.2 35 0.18 | 1.9 | 0.17 0.52 | 0.999948
303 [ 0.24 | 51 | 115 27 | 25 092 | 2.0 0.15 |55 14 0.18 | 1.5 | 0.05 0.15 | 0.999985
293 [ 0.20 | 50 | 115421 |16 0.75 | 3.2 005 ]| 21 33 [ 018 | 1.3 | 0.016 | 0.05 | 0.9999951
Mode Apin, N=61 T =333K

3331034 |55|108 |37 133 | 3.6 038|044 | 181|241 | 0.083 | 3.7 |0.75 |23 0.99977
327 1027 |54 | 110 | 30|82 2.8 061 (034|171 | 141 |0.083| 2.6 | 025 |0.75 0.999925
3131020 |52 |11.3 |23 |48 2.1 1.0 0.24 | 145 | 69 0.083 | 2.0 | 0.07 0.20 0.999980
303 |0.15|51 115 17| 23 1.4 2.2 0.15 (104 | 24 0.083 | 1.5 | 0.012 | 0.036 | 0.9999964
293 10.09|50|1154 10080 |0.80]|6.3 0.05| 4.6 3.6 | 0.083 | 1.2 | 0.001 | 0.003 | 0.9999997

Source: compiled by the authors

To calculate the main parameters, reliability
indicators, the dynamics of operation of the TEC
complex, we use the following designations [16]:

_ Qo
12.,R(2B-B?-0)

1)

_eTo
R

where Qg is heat load, W; is

Imax

maximum operating current, A; e is the average
value of the thermoelectric coefficient of the

thermocouple branch, V/K; Tq is temperature of the

B= I/Imax is the
is the value of the

thermocouple branch, Sm/cm;
relative operating current; |

_TO

operating current, A; ® = is the relative

max
temperature difference; T is the temperature of the

fuel junction, K; AT =057T¢ is maximum

temperature difference, K; 7 is the average value of
the thermoelectric efficiency of the thermocouple
branch input materials, 1/K.

The power consumption W of the TEC can be
determined from the expression:

heat absorbing junction, is the ) AT max
O_—S WK = 2n|maXKRK BK(BK + @) . (2)

electrical resistance of the thermocouple branch. The voltage drop U can be written as:
Ohm; | and Sare, respectively, the height and

| ) Uy =Wk G
cross-sectional area of the thermocouple branch; & K= |
is the average conductivity value of the
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The cooling factor can be determined from the
expression:

e

W (4)

The relative failure rate %o can be calculated

using the formula:

AT
(B + 2 maX g2
4/ _oR2 0
/10 nBZ (© +C) o 5 Ky, (5)
l+—0)
To
where C=—— 0 s the relative heat load;
Nl maxk Rk

Kt is the coefficient of reduced temperatures;

Ao = 3-107® is nominal failure rate, 1/hour.

The probability of no-failure operation P can
be written as:

P =exp(-At), (6)

where t is assigned resource, hours.
The time to steady-state operation 7 can be
determined from the expression [16]:

mCo + N m;C;
|

r= - n}/BH(Z_ZBH), (7)
nK (1+ 2Bk Almax maXJ 2Bk -Bk -©
To
| Gt Ri -
where y=-T&0_7 " myCq is the product of the
ImaxKRK

mass and heat capacity of the cooling object. In our
case MyCy —0 (no object); > m;C; is the total of
|
the products of heat capacity and mass of the
structural and technological elements at the heat
absorbing junction of the module for a given
geometry of the thermocouple branches (ratio 1/S);
Ry is the electrical resistance of the thermocouple
branch at the start of the cooling process, Ohm;
By =1/lmaxn IS the relative operating current at

the start of the cooling process at 7 =0;

T . . .

ImaxH = Ii— is the maximum operating current at
H

the start of the cooling process, A.

I:BHImaxH:BKImaxK- (8)

The voltage drop U on the TEC can be written
in the form:
U =2n|maXKRK(B+ATI_ﬂ®). (9)
0

The amount of energy N given can be written
in the form of a ratio:

N=Wr. (10)

The required heat dissipation capacity of the
radiator aF can be represented as:

aF = Q ,
T-T,

(11)

where o is the heat transfer coefficient, F is the
surface area of the radiator, Q =Qqy +W is the heat

output of the TEC, W; T, is temperature of the
medium, K.

ANALYSIS OF THE MODEL

With the reduction of the medium
temperature T, from T.=333K to T, =293K for a

given temperature level of cooling Tp=293K,
heat load Qy=0.5W, branch geometry of

thermocouples (ratio % =4.5) for single stage

TECs of different designs:

— the relative operating current B (Fig.1)
decreases for various initial characteristic
current operating modes. The relative operating
current B decreases from mode Qpmax 1O

mode Anin at a fixed medium temperature T;.
The minimum relative operating current Bpip is
ensured in Amin ;

— the operating current | (Fig. 2) decreases
for various initial characteristic current operating
modes. The operating current | decreases from

mode Qpmax t0 mode Ami, at a fixed medium
temperature T; .

The minimum operating current |lyin IS
ensured in Amin ;

— the cooling factor E increases (Fig.3) for the

Provided there are equal currents at the start Vvarious initial —characteristic current —operating
and end of the cooling process:
ISSN 2663-0176 (Print) Information technology in management 155
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modes. The maximum cooling factor Epa is

ensured in (nl %Or)min;

— the voltage drop U is reduced (Fig. 4) for the
different initial characteristic current modes of

operation. The maximum voltage drop Upmax is
ensured in Amin ;
B

1,0 !
09 //
08 /
0,7 7 r 2
0.6
o > =l // :
o | //
X > d
4
03 "/ — -
" L1 L1
0.1 T
293 303 313 323 333 Tc,K
1 - mode Qo,,, (n= 14 pcs) 2 - mode (nl)_,, (n =17 pcs)

3 - mode (nIi/2, 1), (n = 27 pcs) 4 -mode 2, (n =61 pcs)

Fig. 1. Relative operating current B vs medium
temperature T, for various initial characteristic
current operating conditions at T, = 338K at
To=293K; V{=45; Q=05W

Source: compiled by the authors

I, A
11 1
/
10
9.0 /
4
8.0 /
' /
7.0 A 2
6.0 P
50 - 1 - 3
40— Pl
' — LT - 4
30 — ]
20 _// L1
~——
10 "
293 303 313 323 333 Te K

1 - mode Qo,,, (n=14 pcs) 2 - mode (nl),,, (n =17 pcs)

3 mode (AL, 1),(n =27 pes)
Fig. 2. Dependence of operating current |
magnitude on medium temperature T for

different initial characteristic current operation

modes at T = 338K at To = 293K; }{ =4.5;
Qg =0.5W

Source: compiled by the authors

4 - mode &, (n =61 pcs)

o \
1,6 \
1 :2 \\ \\

1,0

: N

06 \§

08 N
04 NN 2
’ ~ ~ 4
0.2 ™ 1

293 303 313 323 333 Te, K

2 - mode (nl),,;, (n =17 pcs)
4 - mode 2,;, (n = 61 pcs)

1 - mode Qo,,, (n=14 pcs)

3 - mode (nIi/A; 1),,,(n = 27 pcs)
Fig. 3. Dependence of refrigerating factor E on
medium temperature T for different initial
characteristic current operating conditions at
T, =338K at T; =293K; % =4.5; Qy=0.5W

Source: compiled by the authors

3.0 4

2.5 7

2.0 / /1
/2

\\

1.0

A\ N\

\\
\\ AN

0,5

293 303 313 323 333 Te, K

2 - mode (nI),,, (n =17 pcs)
4 - mode &, (n =61 pcs)

1 - mode Qo (n=14 pes)
3 - mode (nIi/3, 7). (n = 27 pcs)

Fig. 4. Dependence of voltage drop U on medium
temperature T, for different initial characteristic
current operating modes at T, = 338K at
To=293K; 1 =45; Q05w

Source: compiled by the authors

— the relative temperature difference ® (Fig. 5)
decreases for the different initial characteristic
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current operating modes. The cooling capacity per
thermocouple Q% remains constant for the

different
modes.

initial characteristic current operating
The maximum cooling capacity per

thermocouple (Q%)max is achieved in Qomay ;

0 [%
0,5 |65
0
04 o4 v 1
03 o3 5
02 |62 3
01 [OI|_~4 4

203 303 313 323 333 Te K

1 - mode Qo,,, (n=14 pcs)
3 - mode (nIi/A, 7),,,(n = 27 pcs)

2 - mode (nl),;, (n =17 pcs)

.....

Fig. 5. Dependence of the relative temperature
drop ® and cooling capacity per thermocouple

Q% on the medium temperature T; for

different initial characteristic current operating
conditions at T; = 338K at % =293; K, =4.5;

Qp=0.5W

Source: compiled by the authors

— the ramp-up time = is reduced (Fig.6) for
the various characteristic current operating
modes. The time to steady-state operation =
decreases from mode Apin to mode Qpmax at a

fixed ambient temperature T;. The minimum
steady-state operation time 7y, is ensured in

Qomax ;

— the amount of energy N input decreases
(Fig.7) for the wvarious initial characteristic
current operating modes. The minimum amount
of energy Npin expended is ensured in (n)min ;
— the required heat dissipation capacity ofF of the
heat sink (Fig.8) is reduced for the wvarious
characteristic current operating modes. The required
heat dissipation capacity oF of the heat sink
decreases from mode Qymax t0  mode

(nl %Of)min at a fixed medium temperature T;.

The minimum heat dissipation capacity oFyin Of
the heatsink is achieved in (n %Or)

min’

T,S

18 14
16 /‘/
14 //
12 /

/ 3
10 = / |
8,0 e 2
6,0 / ///// 1
7 =
2,0 % 7/ Z

293 303 313 323 333 TeK

1 - mode Qo,,, (n= 14 pes)
3 - mode (nli/i, T),,(n =27 pcs)

2 - mode (nI),,, (n =17 pcs)
4 - mode %, (n =61 pcs)

Fig. 6. Dependence of steady-state time z on

medium temperature T, for different initial

characteristic current modes at T, = 338K at
To=293K; 14 =45; Q=05W

Source: compiled by the authors

240 4

220

200 /
180 /
160

140

120 / /j 3
100
80 // /;// 2
€0 /| //;/
10 // yald
/ L

20 //

=

293 303 313 323 333 Te K

1-mode Qo,, (n=14 pcs)
3 - mode (nli/i, T),,(m = 27 pcs)

2 - mode (nI),, (n =17 pcs)
4 - mode 2, (n =61 pcs)

Fig. 7. Dependence of amount of energy N
expended on medium temperature T, for
different initial characteristic current modes at
Te =338K at To =293K; }{ =45; Qg =0.5W

Source: compiled by the authors
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aF, W/K T T ‘ ‘ |
1

|1
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-

5,0

4,0

T

‘MN =

3.0 —
I

N\
AN
A\

|

|

e = i
lll_‘éé ‘ |J
’ L
L L]

293 303 313 323 333 TeK

1 - mode Qo,,, (0=14 pcs)
3 - mode (nlifh, 1), (0 =27 pes)

2 - mode (nl),, (n =17 pes)
4-mode i, (n=61pcs)

Fig. 8. Dependence of the required heat
dissipation capacity ofF of the heat sink on the

medium temperature T for different initial
characteristic current operation modes at

Te= 338K at To= 293K; /£ =45; Qp=05W;
T-T.=5K

Source: compiled by the authors

— the relative failure rate %0 decreases (Fig.

9) for the various characteristic operating modes.
The relative failure rate %0 decreases from mode

to mode Anqi, at a fixed medium

Qomax
temperature T.. The minimum relative failure rate

(%Wmin is ensured in Amin ;

— the probability P of failure-free operation
increases  (Fig.10)  for  various initial
characteristic current operating modes. The fault
probability P increases from mode Qymax tO

mode Ani, at a fixed medium temperature T..
The maximum probability Py of no-failure
operation is provided in Apin .

— Fig. 11 shows the dependency of the
operating current | and the relative failure rate
%0 on the ambient temperature T, for the mode

(n|%0r)min ( n=27 pcs.) at Tp=293K, Qq

=5.0W, % =4.5.

M,

5,0

4,0 /
3.0
/

/ 3
/| /]
1,0 v
v 4
1
203 303 313 323 333 Te.K

1 - mode Qo,,, (n=14 pes)
3 - mode (nIi/3, ). (n =27 pcs)

2 - mode (nl}),, (n =17 pcs)
4 - mode 5, (n=61pcs)

Fig. 9. Relative failure rate %0 dependence on

medium temperature T for different initial
characteristic current modes at T, = 338K at
To=293K; 14 =45; Q=05W; t=10%h

Source: compiled by the authors

1,0 \':\\
0.9999 ‘\\ ™
AN NN
0,9998 \\ \\\ 3
0.9997
N
0.9996 \ 3
0.9995 \
0.9994
0.9993 \\ \\
0.9992 \1 \
0.9991 2
0,999 u
293 303 313 323 333 Te K

1 - mode Qo,, (n=14 pcs)
3 - mode (nI)/2, T),..(n = 27 pcs)

2 - mode (nl),;, (n = 17 pcs)
4 - mode ., (n=061 pes)

Fig. 10. Failure probability P dependence on
medium temperature T for different initial
characteristic current operation modes at
T, =338K at T; =293K; % =4.5; Qy=0.5W;
t=10*h

Source: compiled by the authors
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293 303 313 323 333 Te,K

Fig. 11. Dependence of operating current |,
relative failure rate %0 on medium

temperature T, for different initial characteristic
current operating modes at T, = 338K at
To=293K; V4 =45; Q=05W

Source: compiled by the authors

DISCUSSION OF ANALYSIS
RESULTS

As the medium temperature T, decreases, the
operating current | and the relative failure rate

A
Ao decrease.

For example, as the ambient temperature T,

decreases from T, =333K to T =323K, the operating
current | decreases from 1 =5.1A to | =4.6A, i.e.
by 16%, and the relative failure rate %0 from

A = A = i
Ao 1.3'[0/10 0.53, i.e. by a factor of 2.45.

With the medium temperature T, decreasing
from T, = 333K (+60°C) to T, = 323K (+50°C) at a
given cooling level Tp= 293K, heat load Qy=5.0W
and thermocouple branch geometry (ratio % =45).

1. For initial characteristic current operation

Qomax ( N'=14 pcs.):

—  the relative operating current B is reduced by
33 %, the operating current | by 31 %, the supply
voltage U by 31%, the ramp-up time z by 3.4 %,

the energy N input by 56 %, the required heat
dissipation capacity ofF of the heat sink by 44% and

the relative failure rate %0 by 4.9 times;

—  the cooling factor E increases by a factor E of
2.2, the probability P of failure-free operation from
P =0.9958 to P =0.99914.

2. For the initial characteristic current mode
(N pin ( n=17pc):

— the relative operating current B is reduced by
20 %, the operating current | by 18 %, the voltage
drop U by 23.5 %, the ramp-up time z by 9%, the
energy N input by 41 %, the required heat
dissipation capacity oF of the heat sink by 24 %

and the relative failure rate by a factor %0 of 2.6;

— the cooling factor E increases by 56 %, the
probability P of no-failure operation from P
=0.99888 to P =0.99960.

3. For initial characteristic current operation

(nl %O ) min ( N=27 PCs.):

— the relative operating current B is reduced by
19 %, the operating current | by 16 %, the voltage
drop U by 20 %, the ramp-up time z by 11 %, the
energy N input by 41 %, the required heat
dissipation capacity oF of the heat sink by 22 %

and the relative failure rate %0 by 2.5 times;

— the cooling factor E increases by 52 %, the
probability P of failure-free operation from P
=0.99960 to P =0.99984.

4. For the initial characteristic current mode
Amin ( n=61pcs.):

— the relative operating current B is reduced by
20%, the operating current | by 19 %, the voltage
drop U by 22 %, the ramp-up time = by 5.5 %, the
energy N input by 41 %, the required heat
dissipation capacity oF of the heat sink by 30 %

and the relative failure rate %0 by a factor of 3;

— the cooling factor E increases by 60%, the
probability P of failure-free operation from P
=0.99977 to P =0.999925.

Thus, by reducing the medium temperature T,
at a given TEC design (n=Const), cooling level Qg

and geometry of thermocouple branches (ratio %)

one can significantly reduce the failure rate 1, and,
consequently, increase the probability of no-failure
operation P, which allows one to control the
reliability performance of single stage TEC by
simply changing the operating current value | .
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CONCLUSIONS characteristic thermal modes of operation is

developed.

The thermophysical model for estimation of .
il £ ch ; T ; An analysis of the research results has shown
Influence  of ~ change of temperature e OF yhar i s possible to control the reliability

environment on indices of rellablllty of Single Stage performance of a Sing|e Stage TEC of a given design
TEC of various design at given temperature level Ty by simply changing the operating current | by

of cooling, thermal load Qp, geometry of branches ~changing the temperature T¢ of the medium.

of thermoelements (relation %) for various
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AHOTANIA

[IpencraBieHo po3poOKy METOy KepyBaHHS MMOKa3HUKaMH HaJIHHOCTI TEPMOEIEKTPHYHOI CHCTEMH 3a0e31IeUeHHS TEeTTIOBIMHI
PpeXUMaMH paJioeIeKTPOHHOI anapaTypH, o 6a3yeThes Ha Bapialii TeMrepaTypy CepeaoBHINa TEPMOESIEKTPUIHIX OXOJIOKYBaUiB.
Po3rnsHyTO MaremMaTH4Hy MOJeNb JUIL JOCII/DKEHHS BIUIMBY 3MiHM TeMIIepaTypH CEepeloBHINA Ha ITOKa3HUKH HaJiHHOCTI
OJJHOKACKaJIHOT'O TEPMOEIIEKTPUYHOTO 0XO0JI0/PKYBaya 3a 331aHOT0 TEMIIEPATYPHOTO PiBHS OXOJIO/UKEHHS, TEIUIOBOTO HaBaHTaXKCHHS,
reoMeTpii TiIOK TEPMOETIEMEHTIB MJIS PI3HUX XapaKTEpPHUX CTPYMOBUX PEXUMIB poOOoTH. HaBeneHo pe3ymbTaTH po3paxyHKiB
OCHOBHHX IapaMeTpiB, MOKA3HUKIB HAOIMHOCTI, JUHAMIYHHX XapakTEPHCTHK 1 3AIMCHEHO aHANI3 3aJeKHOCTEH Ui BHABICHHS
ocobimmuBocTeil mpoueciB kepyBaHHA. [lokasaHo, MmO 31 3MEHIIEHHAM TEMIIEpaTypHU CEpelOBHINA 3a 3a/JaHOi KOHCTPYKILIi
OXOJIOJKYBAUiB 3MEHIIYETHCS BEMYHHA POOOYOro CTPYMY, 30UIBIIYETHCS XOJIOIONPOIYKTUBHICTD, 3MEHIIYETHCS Yac BHUXOAY Ha
CTaI[lOHAPHUH PEeXHUM POOOTH JUIS Pi3HUX XapaKTEepHHUX CTPYMOBHUX PEXHMIB poOoTH. Yac BUXOLy Ha CTaHIApPTHHH PeXHUM poOOTH
3MEHIIYETHCS Bil PEXKUMY MIHIMAJIbHOI IHTEHCHBHOCTI BIIMOB 0 PEXHMY MaKCHMAaJbHOI XOJIOZONPOMYKTHBHOCTI 3a (hikcoBaHOI
TeMIlepaTypy cepemoBrina. MiHIMaIbHUNE 9ac BUXOXy Ha CTaI[lOHAPHUH PEXXUM PoOOTH 3a0e3NeduyeThCs B PEKUMI MaKCHMAaIbHOT
XOJIOOTIPOAYKTUBHOCTI. 3a3HAYCHO 3MEHIICHHS TaKUX 3HAYYIIUX JUI1 KepYBaHHS MOKA3HUKIB, K KUIbKICTh BUTPAuCHOI €HEpril A
PI3HUX XapaKTEpHUX CTPYMOBHX PEKUMIB poOOTH, HEOOXIAHOI TEIUIOBIIBIAHOI 3aTHOCTI pajiaTopa, yacy BUXOIY Ha CTallloOHAPHUI
pexuM. AHami3 pe3ysibTaTiB  JOCHIPKEHb II0Ka3aB MOMIIMBICT KEpyBaHHS MOKAa3HUKAMHM HAAIHHOCTI OIHOKACKaIHOTO
0XOJIOMKYBaya 3aJaHol KOHCTPYKIII 3a 3MiHH TEMIIEpaTypH CEpPEeJOBHUINA 32 PAaXyHOK 3MiHH BEIMYMHH poOodoro crpymy. 3MiHa
TeMIIepaTypH CepeJOBHIIA TEPMOEIEKTPUIHOTO 0XO0JIO/KyBada 3a PaXyHOK 30BHINIHBOTO 3a0€3I1eTyBaNbHOTO MPUCTPOIO A€ 3MOTY
BapilOBaTH ITOKa3HUKAMH HAAIHHOCTI Ta 3HAWTH KOMIIPOMIC MiDX HAJIHHICTIO, AWHAMIKOIO Ta XOJIOJONPOMYKTHBHICTIO CHCTEMH
3a0e3neyeHHs TeIUIOBUX PEKHUMIB.

KonrouoBi cioBa: TepMoeneKTpHYHHMI OXONOJPKYBad, TEIUIOBHII peXHM, TeMIeparypa CepeloBHINA; JHHAMIdHI
XapaKTEePHUCTHKH; KEPYBaHHS MMOKa3HUKAMHU HATIHHOCT1
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