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ABSTRACT

The analysis of the mathematical model of the system of providing thermal modes with the use of thermoelectric cooling to
assess the influence of the conditions of heat exchange of the heat sink with the medium on the main parameters, reliability indicators
and dynamic characteristics of a single-cascade thermoelectric cooler at a given temperature level of cooling, medium temperature,
geometry of branches of thermoelements for different current operating modes is considered. The results of calculations of the main
significant parameters, reliability indicators, dynamic and energy characteristics of a single-cascade cooler and heat sink of the
selected design at a given temperature level of cooling, medium temperature, thermal load, geometry of branches of thermoelements
for various characteristic current operating modes are given, when the conditions of heat exchange on the heat sink of the given
design under variation of the heat transfer coefficient. It is shown that with the increase of air flow velocity on the heat sink the heat
transfer coefficient increases and thus the temperature drop on the heat sink of the thermoelectric cooler with the medium de creases,
which allows to significantly reduce the relative failure rate of the cooler and thus increase the probability of failure-free operation of
the whole device. When operating a system for providing thermal modes comprising a cooling device, a heat sink, and an electric fan
used for dissipating heat output to the environment, different modes of operation of the electric fan (air flow rate) can be used. With
the increase in air flow rate of the electric fan increases the velocity of air flow in the live section of the heat sink of a given design,
which leads to an increase in the heat transfer coefficient. This, in turn, makes it possible to reduce the temperature drop at a given
design of the system for ensuring thermal modes. The possibility of control of reliability indicators, namely, relative intensity of
failures and probability of failure-free operation of thermal mode systems of different designs (current modes, number of
thermocouples, surface area of the heat sink) at a given cooling level (medium temperature, thermal load, geometry of
thermocouples) under changing conditions of heat exchange of the heat sink with the medium is considered.
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INTRODUCTION of reliability indicators and dynamics of SETM the
main significant heat-loaded element is the
thermoelectric cooler (TEC), because the control
component of the regulator is usually located in
more favorable temperature conditions. The TEC as
an actuator of the supply system is an active device
that generates a temperature differential at an
electrode that is in contact with the heat loaded
element. Temperature control in the contact area is a
necessary control function, so the presence of a

The main function of the system of ensuring
thermal modes (SETM) is to increase reliability
indices of heat-loaded elements of radio-electronic
equipment. The heat-removable element is
practically in the same heat-loaded conditions as the
critical element, and the connecting link of heat flow
transfer to the environment affects the mass and size
characteristics of the system. From the point of view

temperature sensor is mandatory. Comparing the
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cooler the time constant of the sensor can be
neglected the delay in the formation of the primary
thermal field, which is the primary information for
control. The simplest way to solve the problem is the
inverse filtering of the temperature field realized on
the TEC. The method is acceptable for a limited
number of distributed heat-loaded elements with
coolers connected through heat pipes or directly to
radiators of heat flow discharge to the external
environment. It is obvious that the components of
the system ‘object-TEC-radiator’ have mutual
influence and should be considered in a complex and
needs to be investigated.

LITERATURE REVIEW

The requirements to reliability and mass-size
characteristics of systems for ensuring thermal
modes of electronic equipment are constantly
increasing [1]. Comparative analysis with other
types of heat extraction systems shows the
advantages of the thermoelectric method in terms of
reliability, dynamics, mass-size characteristics [2, 3].
Existing automatic control systems are divided into
groups with one input and one output SISO and
systems with many inputs and many outputs MIMO
[4, 5]. Localized systems are used in case of
independent control of actuators, which is possible
when their number is limited or there are no
requirements to mass and  dimensional
characteristics [6, 7]. However, the issues of
reliability of functioning of such systems have not
been properly developed, since the reliability
indicators are determined by parametric indicators
determined by a specific type of the used element
base [8]. The most promising coolers for the task at
hand are thermoelectric devices [9, 10]. At the same
time, the ever-increasing requirements for the
growth of reliability indices and reduction of mass
and dimensional characteristics force to search for
ways to improve the quality of the actuator [11].
Theoretical and  experimental  studies  of
thermoelectric actuators are presented in [12], the
influence of mechanical parameters on the main
indicators of reliability and energy are given in [13],
thermoelectric materials [14]. The stress state of a
thermoelectric cooler has a significant impact on
reliability indices and is used in accelerated tests
[15], which should be taken into account in fast-
acting SETMs [16]. The relationship between
reliability performance and dynamics of TECs has
been investigated in [17], and the influence of
limited power consumption in [18]. At the same

time, the above studies considered separate
components of the SETM, in particular, the
thermoelectric cooler. The influence of the cooling
object, the TEC and the heat sink were considered
independently, which does not correspond to the real
state of affairs and represents an actual research
problem.

PURPOSE AND OBJECTIVES OF THE
STUDY

The purpose of this work is to improve the
reliability of the structure ‘object-TEC-radiator’
thermoelectric system of providing thermal modes
of heat-loaded equipment.

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

1) to analyze the model of thermoelectric cooler
and radiator of heat flow discharge into the
surrounding space;

2) to analyze the management of reliability
indicators of the complex ‘object-TEC-radiator’.

ANALYSES OF THE MODELS OF
THERMOELECTRIC AND HEAT SINK

Let's use the mathematical model [18] to obtain
the results of connection of the main parameters and
indicators of thermoelectric system of providing
temperature modes. The results of calculations of the
main indicators of reliability, dynamic and energy
characteristics of the SETM system with the use of a
single-cascade TEC under the variation of
conditions of heat exchange of the heat sink with the
medium at the temperature level of cooling Tg

=260K, T;=300K, thermal load Qp=2.0 W,
geometry of branches of thermoelements (ratio

li=10 ) for

operating modes are shown in Table 1. Here: T, is
ambient temperature; © is relative temperature
difference; B is relative operating current; 1 is
operating current value; W — power consumption; E
is refrigeration coefficient; U is voltage drop on the

various characteristic current

TEC; Q is thermal load on one thermocouple; =
n

is time to reach the stationary mode; N is amount of
given energy; oF is heat dissipation capacity of the
radiator; « is heat transfer coefficient; /1y is
relative failure rate; P is probability of failure-free
operation; N is number of thermocouples; F is area
of the radiator.
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Table 1. Results of calculations of the main significant parameters in modes
1-Qomax:2- () min - 3 - (nl%or)min , 4~ Amin

T €] B I w E|U Qo T N | aF a | Ml A A P
M n 108
n=205pcs F =490 sm?
310 | 0.62 10| 50|126|0.16 | 25| 0.0973 | 9.0 | 113 | 1.46 30 1.0 21 63.0 | 0.9937

117307 [ 059 | 0.82 4.1 8.6 |023| 2.1 0.0977 9.0 77 | 1.51 31 2.1 9.8 29.4 | 0.9971
305|056 | 077 | 38| 75| 027| 20| 0.0977| 9.0 66 1.9 39 2.8 7.4 22.4 | 0.9978
303 054]073| 36| 6.7]030] 19| 0.0976 | 8.7 59 2.9 60 3.5 6.0 18 | 0.9982
3021052070 | 35| 63]032] 19| 0.0976 | 8.6 54 | 4.15 85 4.1 5.1 15.4 | 0.9985
300 050 066 | 33| 56]032] 1.7 | 0.0975| 8.4 47 - - 5.3 4.0 12.0 | 0.9988

n=233pcs F =380sm?
310 062 0.79 | 39| 93]022]| 24 0.084 | 10.2 95 | 1.13 30 1.0 9.6 29 | 0.9971

217307059072 36| 76027 2.1 0.086 | 9.94 75 | 137 36 145 6.6 19.8 | 0.9980
305|056 |068| 34| 69029 2.0 0.086 | 9.96 68 | 1.76 47 1.85 5.2 15.5 | 0.9984
303|054 |065| 326 | 6.2 031 1.9 0.086 | 9.6 60 | 2.76 73 2.2 4.4 13.2 | 0.9987
302 | 052 | 063 |3.17| 59034 | 1.8 0.086 | 9.4 56 4.0 | 105 2.5 3.8 11.5 | 0.9989
300 | 050 | 060 | 30| 53038 1.8 0.086 | 9.2 49 - - 3.2 3.0 9.0 | 0.9991

n=30.3pcs F =350 sm?
310 | 062 | 065 | 33| 86| 0.23 | 2.6 0.066 | 104 | 1.06 30| 1.0 5.8 33.2 104 | 0.9967

317307 | 059|061 30| 72| 028 2.4 0.066 85| 1.32 37 | 1.38 4.2 12.7 85 | 0.9987
305|056 |057| 29| 66| 030 | 2.3 0.066 78 | 1.73 49 | 1.70 3.4 10.2 78 | 0.9989
303|054 |055| 28| 61033 2.2 0.066 69 2.7 76| 2.0 2.9 8.6 69 | 0.9991
302 | 052|064 | 27| 58|03 | 21 0.066 64| 39| 110| 2.3 2.5 7.6 64 | 0.9992
300 | 050 | 051 | 26| 52038 2.0 0.066 | 11.0 57 - - 2.9 2.0 6.0 | 0.9993

n=539pcs F =400 sm?

4 310 | 0.62 | 0.52 | 2.6 | 10.2 | 0.20 | 3.9 0.037 | 16.6 | 168 | 1.22 30 1.0 4.0 12.0 | 0.9988
307 | 0.59 | 0.48 24| 8.8 | 0.23| 3.7 0.037 | 16.3 | 143 | 154 38 1.38 2.9 8.7 | 0.9991
305|056 |046 | 23| 79025 35 0.037 | 16.1 | 128 2.0 49 1.74 2.3 7.0 | 0.9993
303|054 (044 | 22| 73028 | 3.3 0.037 | 15.7 | 119 3.1 76 2.0 1.98 6.0 | 0.9994
302 | 052|043 ]215| 69029 | 3.2 0.037 | 15.4 | 107 45| 109 2.3 1.73 5.2 | 0.9994
300 | 050|040 | 20| 6.2 032 3.0 0.037 | 15.3 95 - - 2.9 14 4.1 | 0.9995

Source: compiled by the authors

With decreasing temperature at the heat-
absorbing junction of the SETM TEC of a given
design between the heat sink and the medium
(T-Tc) at a given cooling temperature level

Tg =260K, medium temperature T,=300K thermal
load Qp=2.0W geometry of the thermocouple

branches (ratio %) for wvarious characteristic

current operating modes:

— relative operating current B decreases (Fig. 1) for
different characteristic current operating modes. The
relative operating current B decreases from mode
Qomax to mode A, at a fixed temperature at the
heat-generating junction of the fuel cell or heat sink.
Minimum relative operating current Bmin. Provided
in the mode Amin ;

— the value of operating current 1 decreases
(Fig. 2) for different characteristic current
operating modes. The value of operating current
I decreases from mode Qpmax t0 mode A, at
a fixed temperature T at the heat sink or heat
sink junction. The minimum value of operating
current Imin ;

— the refrigeration coefficient E increases
(Fig. 3) for different characteristic current
operating modes. The maximum refrigeration
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Fig. 1. Dependence of the relative operating
current of the single-stage TEC on the

temperature (T —T;) difference for different
current operating modes at Ty =260K,
Te=300K, Qo =20 W, £ =10

Source: compiled by the authors
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2 — mode (1)wins
4 — mode Amin

Fig. 2. Dependence of the operating current | of
a single-cascade TEC on the temperature

difference (T —T;) for various characteristic
current operating modes at Tp=260K, T, =300K,
Q=20W, }£=10

Source: compiled by the authors
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Fig.3. Dependence of the refrigeration coefficient
E of asingle-cascade TEC on the temperature

difference (T —T;) for different characteristic
current operating modes at Ty =260K, T; =300K,

Q=20W, }£=10
Source: compiled by the authors

— decreases the voltage drop U (Fig. 4) for
different characteristic current operating modes.
Voltage drop U from the mode Qqmax t0 the mode
Amin at a fixed temperature T on the fuel cell
junction. The maximum voltage drop Umax Iis
provided in the mode Anin ;

— the relative temperature drop ® (Fig. 5) for
different characteristic current operating modes
decreases in the range from © =0.62 at T=310K to
©® =0.5 at T=300K (ideal heat sink);

— cooling capacity per thermocouple Q%
(Fig. 5) remains constant for different characteristic
current operating modes. The cooling capacity per
thermocouple Qon increases from mode Apj, to

mode Qpmax at a fixed temperature T at the heat-
generating junction of the fuel cell. The maximum
cooling capacity per thermocouple (Q% Jmax IS

provided in the mode Qqmax ;

— decreases insignificantly the time to steady-
state operation 7 (Fig. 6) for different characteristic
current operating modes. The time to steady-state
operation 7 decreases from mode A, to mode
Qomax at a fixed temperature T at the fuel cell
junction. The minimum time to steady-state
operation 7 min IS provided in the mode Qgmax ;
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Fig. 4. Dependence of the voltage drop U of a
single-stage TEC on the temperature difference

(T =T¢) for different current modes of operation at
Tp=260K, T =300K, Tc=2.0 W,

|/ — _
A =10, F=const

Source: compiled by the authors
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0,62 / 9
0,60 //
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008 l/
056 607
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w4
0,50 /

1 2 3 4 s 6 7 8 9 10 (T-Tc), K

1 - mode Quuax,
3 — mode (N/AT)miny

2 — mode ()min,
4 — mode imin

Fig. 5. Dependence of relative temperature
difference and cooling capacity per one

thermocouple Q% of a single-cascade fuel cell
on temperature difference (T —T;) for different
current operating modes at Ty=260K, T, =300K,
- |/ - _
Qp=2.0W, A =10, F=const

Source: compiled by the authors
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Fig. 6. Dependence of time to steady-state
operation 7 of a single-cascade TEC on

temperature difference (T —T;) for different
characteristic current operating modes at
Tp=260K, T =300K, =2.0 W, Qp =10, }/{ =10
Source: compiled by the authors
— decreases the amount of expended energy N

(Fig. 7) for different characteristic current operating
modes. The amount of expended energy N

decreases from mode Ay, to mode (nl)min at a fixed

temperature T at the heat-generating junction of the
fuel cell. The minimum amount of expended energy
Nmin in the mode Amin ;

— the relative failure rate %0 decreases

(Fig. 8) for different characteristic current operating
modes. The relative failure rate %0 decreases from

mode Qpmax t0 mode Anin at a fixed temperature
T at the fuel junction of the fuel cell. The minimum

relative failure rate (%10)@n is provided in the

mode Amin ;

— the probability of failure-free operation P
increases (Fig. 9) for different characteristic current
operating modes. The probability of failure-free
operation P increases from mode Qpmax t0 mode

Amin at a fixed temperature T at the heat sink

junction of the fuel cell. The maximum probability
of failure-free operation Pnax is provided in the mode

Amin ;
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Fig. 7. Dependence of the amount of expended
energy N of asingle-stage TEC on the

temperature (T —T;) difference for different
characteristic current operating modes at
Tp=260K, Tc=300K, Qp=2.0W, £ =10

Source: compiled by the authors
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Fig. 8. Dependence of relative intensity of failures
%0 of a single-cascade TEC on temperature

2 — mode (n)win,
4 — mode imin

difference (T —T;) for different characteristic
current operating modes at Ty=260K, T, =300K,
Qo=20W, =10, 19=3-10"1/h

Source: compiled by the authors
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1 — mode Qomax,
3 — mode (nI2/40T)min,

Fig. 9. Dependence of probability of failure-free
operation P of a single-cascade TEC on

temperature difference (T —T;) for different
characteristic current operating modes at
Ty=260K, Tc =300K, Qo =2.0 W, }/{ =10, t=10*h

Source: compiled by the authors

2 — mode (n)win,
4 — mode jimin

— the heat sink heat dissipation capacity oF
increases (Fig. 10) for different characteristic
current operating modes. The required heat sink
heat dissipation capacity oF decreases from the
maximum cooling capacity mode to the

(nl%or)min.

When selecting a heat sink system consisting of
a heat sink and an electric fan, it is necessary to take
into account the size and mass characteristics of the
system when using a ribbed radiator - variations in
the height and thickness of the fin, and should also
take into account the main characteristics of the
electric fan: flow rate, head, type of power supply,
mode of operation. As it is difficult to determine the
required flow rate G (0.01-0.10)m/s accurately due
to the discreteness of a number of fans, it is
necessary to carry out a number of calculations for
different values of velocities V (1-15)m/s.

Fig. 11 shows the dependence of the

temperature drop (T —T) at the single-stage TEC

on the heat transfer coefficient « at the heat sink
with surface area F for various characteristic current
operating modes. As the heat transfer coefficient o
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increases, the temperature drop (T —T;) decreases
at a fixed heat sink surface area F.
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Source: compiled by the authors
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Fig. 11. Dependence of the temperature drop
(T —T.) onasingle-cascade TEC on the heat
transfer coefficient « of the heat sink for various
characteristic current operating modes
To=260K, Tc=300K, Qp=2.0 W

Source: compiled by the authors

Fig. 12 shows the dependence of the required
heat dissipation capacity of the heat sink aF of a
single-stage TEC on the heat dissipation coefficient
a for various characteristic current operating
modes.

oF, WK

5,0

%3

N\
\\\\ N

2,0 ///

W

10 20 30 40 S0 60 70 80 90 100 110 a, WK

1 = mode Qomax (F = 490 o),
3 — mode (n1i/3oT)min (F = 350 cM?),

2 — mode ()i (F = 380 ev®),
4= mode jyin (F = 400 ev?)

Fig. 12. Dependence of the required heat
dissipation capacity oF of the heat sink of a
single-stage TEC on the heat dissipation
coefficient o for various characteristic current
operating modes at
To=260K, T =300K, Qp=2.0 W

Source: compiled by the authors

As the heat transfer coefficient increases, the
heat dissipation capacity of the heat sink oF
increases for different operating modes at a fixed
heat sink surface area F. The minimum heat
dissipation capacity of the heat sink aF min i

provided in the mode (nl %0 %) min -

ANALYSIS OF THE MODEL

The analysis of research results showed that
with decreasing temperature difference (T —T;) at
Tg=260K, Ty=300K, Qg =2.0W, % =10:

(T-T,)=10K

— the ratio K = of relative failure

rate %0 at (T —T;)=10K set to relative failure

rate at (T —T¢)=Var<10K increases (Fig. 13) for
different characteristic current operating modes.
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4(T-T)=10K
of a single-stage TEC on the temperature
difference (T —T;) for different characteristic
current operating modes at
Ty=260K, T =300K, Qp=2.0 W

Source: compiled by the authors

Fig. 13. Dependence of the ratio K =

Thus, for the operating mode Qg max :
at (T —T¢)=10K K=1.0;
at (T -Tg)=7K K=2.0, i.e. relative intensity of
failures %0 decreases in 2 times;

at (T —Tg)=5K K=2.8, i.e. decreases in 2.8 times;

at (T —T;)=3 K=3.5, i.e. it decreases by 3.5 times;

at (T —T¢) =2 K=4.0, i.e. decreases by 4.0 times.
For the mode (N)min :

at (T —T¢)=10K K=1.0;

at (T —Tg)=7K K=1.5, i.e. decreases by 1.5 times;

at (T —T¢)=5K K=1.8, i.e. decreases by a factor of
1.8 times;

at (T —T¢)=3 K=2.3, i.e. decreases by a factor of 2.3
times;

at (T —T;g) =2 K=2.5, i.e. decreases by 2.5 times.

For the regime (nl %Of)min and Anin :
at (T —Tg)=10K K=1.0;

at (T —Tg) =7TK K=1.3, i.e. decreases by 30%;
at (T —Tg)=5K K=1.7, i.e. decreases by 70%;
at (T —Tg)=3 K=2.1, i.e. decreases by 2.1 times;

at (T —Tg) =2 K=2.3, i.e. decreases by 2.3 times.

Consequently, the probability of failure-free
operation P increases:
for operating mode Qg max :

from P=0.9937 at (T —T;)=10K to P=0.9985 at
(T -Te)=2K;

for operation mode (nl)min :

from P=0.9971 at (T —T;)=10K to P=0.9989 at
(T -Te) =2K;

for operating mode (nl %0 ) min

P=0.9967 at (T -T;)=10K to
(T -Te) =2K;
for operating mode Ap;p, :
P=0.9988 at (T -T.)=10K to
(T -Te)=2K.

Thus decreases:

— relative temperature difference ® from ©

=0.62 at (T-T¢)=10K to ©=0.525 at (T —T¢)

=2K, i.e. by 15% for all characteristic operating
modes;

— relative operating current B:
for mode Qqmax :

from B =1.0 at (T -T;)=10K to
(T -Te) =2K, i.e. by 30%;

for mode (N1)pmin :

from B=0.79 at (T -T;)=10K to
(T -Te) =2K, i.e. by 20%;

for mode (nl %Of)min:

from B=0.65 at (T -T;)=10K to
(T -Te) =2K, i.e. by 17%;

for mode Amin :

from B=0.52 at (T -T;)=10K to
(T -Te) =2K, i.e. by 17%;

— is the value of the operating current I:
for mode Qqmax :

from 1=5.0A at (T-T¢)=10K to
(T -T¢) =2K, i.e. by 30%;

P=0.99924 at

P=0.99948 at

B=0.70 at

B=0.63 at

B=0.54 at

B=0.43 at

I=3.5A at
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for mode (Nl)min :
from 1=3.9A at (T-T;)=10K to I=3.17A at
(T —Te) =2K, i.e. by 19%;

for mode (nl %Or)min:
from 1=3.3A at (T —T;)=10K to I=2.7A at (T —-T)
=2K, i.e. by 18%j;
for mode Apin :
from 1=2.6A at (T-T;)=10K to I=2.15A at
(T -Te)=2K, i.e. by 17 %;
— voltage drop U:
for the mode Qgmax :

from U=25V at (T-T;)=10K to U=1.8V at
(T —T¢)=2K, i.e. by 28 %;

for mode (N1)min :

from U=2.4V at (T-T;)=10K to U=1.86A at
(T -Te)=2K, i.e. by 19 %;

for mode (nl %Of)min:

from U=2.6V at (T -T;)=10K to
(T -Te)=2K, i.e., by 19 %;

for mode Anin :

from U=39A at (T -T;)=10K to
(T -Te)=2K, i.e. by 18 %;

— time to reach steady-state operation 7 :
for mode Qqax :

from 7=9.0s at (T-T.)=10K to
(T -T¢) =2K, i.e. by 4.4%;

for mode (N)min :

from 7=10.2s at (T -T;)=10K to
(T-T¢)=2K, i.e. by 7.8%;

for mode (nl %Or)min:

from 7=12.1s at (T -T;)=10K to
(T -Te)=2K, i.e. by 8.3%;

for mode Amin :

from 7=16.6s at (T —T;)=10K to
(T -Te)=2K, i.e. by 7.2%;

—amount of energy consumed N :

for the mode Qg ax :

from N =113Ws at (T -T;)=10K to N =54Ws a
(T -Te)=2K, i.e. 2.1 times;

U=2.1vV at

U=3.2V at

7=8.6s at

7=9.4s at

7=11.1s at

7=15.4s at

—

for the mode (nl) i :
from N =95Ws at (T -T¢)=10K to N =56Ws at
(T -T¢) =2K, i.e., by a factor of 1.7;

for mode (nl %Of)min:

from N =104Ws at (T —T.)=10K to N =64Ws at
(T -T¢) =2K, i.e., by a factor of 1.6;

for mode Ay, -

from N =168Ws at (T —T;)=10K to N =107Ws at
(T -T¢) =2K, i.e., by a factor of 1.57;

- increases the refrigeration coefficient E:
for the mode Qgmax :

from E =0.16 at (T -T;)=10K to E
(T -Tc) =2K, i.e. by a factor of 2.0;

for the mode Qg max :

from E =0.22 at (T -T;)=10K to E
(T -Te) =2K, i.e. by 55%;

for mode (nl %Of)min:
from E =0.23 at (T -T;)=10K to E
(T -Te) =2K, i.e. by 52%;
for mode Anin :
from E =0.20 at (T -T;)=10K to E
(T -Te) =2K, i.e. by 45%;

— increases heat dissipation capacity oF :
for mode Qqmax :

from oF =1.46W/K at (T-T;)=10K to
aF =4.15W/K at (T -T;) =2K, i.e. 2.8 times;

for mode (N1)pmin :

from oF =1.13W/K at (T-T;)=10K to
aF =4.0W/K at (T —T¢) =2K, i.e. by a factor of 3.5;

for mode (nl %Of)min:

from oF =1.06W/K at (T-T;)=10K to

aF =3.3W/K at (T -Tg)=2K, i.e., by a factor of

3.7;

for mode Amin :

from oF =1.22W/K at (T-T;)=10K to

aF =4.5W/K at (T —T;) =2K, i.e. by a factor of 3.7.
At the same time, the cooling capacity per

=0.32 at

=0.34 at

=0.35 at

=0.29 at

thermocouple Q% remains constant for each
characteristic current mode of operation.
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CONCLUSIONS current 1 from 17 % to 30 %; the time of exit to the
The mathematical model of SETM (object — stationary mode of operation r from 4.4 % to 8.0%;
heat sink — heat dissipating radiator - fan) has been N€ amount of expended energy N from 1.6 to 2.1

developed to estimate the influence of conditions of ~ UMes; . . .

heat exchange of heat sink with medium on the main N cooling coeff_luent E _Increases from 4.'5/0 ©
parameters, reliability indicators, dynamics and 2:0 times; probability of failure-free operation P
energy characteristics of a single-cascade TEC ata ffom P=0.9985 to P =0.99948 for various

iven temperature level of cooling T,, medium characteristic current operating modes.
g P 9 o Thus, the reduction of temperature difference

temperature  Tc, geometry of branches of (T_T.) in the system of SETM allows to reduce

thermoelements (ratio % ) for various characteristic ~ considerably the relative intensity of failures, and,
current operating modes. consequently, to increase the probability of failure-

The analysis of the research results has shown free operation %0 of the fuel and power unit and

the possibility of: thus to control the reliability indicators of the SETM

— the relative intenSity %0 of failures from System of a given design.

2.3 to 4.0 times decreases; the values of operating
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AHOTALIS

PosrisiHyTO aHaniz MaTeMaTHYHOI MOJIENi CHCTeMH 3a0e3NeUeHHs TEIIOBUX PEXXUMIB 3 BUKOPUCTAHHAM TEPMOEIEKTPHIHOIO
OXOJIO/DKEHHSI JUISl OL[IHIOBAaHHS BIUIMBY YMOB TEIUIOOOMIHY TEIUIOBIJIBIIHOTO pajiaTopa i3 CepelIoBHIIEM HAa OCHOBHI IIapaMeTpHu,
MMOKAa3HUKW HAQIMHOCTI Ta JWHAMIYHI XapaKTEPHCTHKH OJHOKACKAIHOTO TEPMOCIECKTPUYHOIO OXOJNODKyBaya 3a 3aJIaHOTO
TEMIIEPaTypHOTO PiBHS OXOJIOKEHHS, TEMIIepaTypH CepeIOBHIIA, T€OMETpil I'JIOK TEPMOEIEMEHTIB VISl PI3HUX CTPYMOBHX PEKHMIB
pobotu. HapezeHO pe3ynbTaTH pO3PAaxXyHKIB OCHOBHUX 3HAYYNIMX IapaMeTpiB, IMOKA3HUKIB HAJIMHOCTI, JWHAMIYHHX Ta
CHEPreTUYHHX XapaKTePUCTUK OJJHOKACKAJHOTO OXOJIO/DKyBaya 1 TEIUIOBIIBIIHOrO pajiaTopa 0OpaHOi KOHCTPYKINI IMPH 3aJaHOMY
TEMIIEpaTypHOMY piBHI OXOJODKEHHS, TEMIIEpaTypi CepellOBHIIa, TETUIOBOMY HaBaHTa)KEHHI, T@OMETPIi TJIOK TePMOEJIEMEHTIB ISt
PI3HHMX XapaKTepPHUX CTPYMOBHX PEXHMIB pOOOTH 3a YMOBHM 3MIiHH YMOB TEIUIOOOMiHYy Ha TEIUIOBIABIAHOMY pasmiaTropi 3amaHoi
KOHCTpYKWii mpH Bapiamii koegimienra teruoBiyadi. Iloka3aHo, mo 3i 30iMBIICHHSAM IIBHUAKOCTI IIOTOKY IIOBITpPS Ha
TEIUIOBIABITHOMY pajiaTopi 301IBIIyeThCsl KOeilieHT TeruroBiqmadi i y Takuil crocié 3MEHIIyeTHCS Tepenaj TeMmIeparyp Ha
TEIUIOBIABITHOMY cCral TepMOEJIEKTPUYHOTO OXOJNO/PKyBada i3 CEpefoBHINEM, IO Ja€ 3MOry 3HAaYyHO 3MEHIIUTH BiJHOCHY
IHTEHCUBHICTD BiJ]MOB OXOJIOJPKYBada i1 y Takuii criociO IMmiABHIIUTH HMOBIpHICTH 0€3BiAIMOBHOI poOOTH BChoro mpuctpoto. Ilix gac
(YHKIIOHYBaHHS CUCTEMH 3a0e3MeUeHHsT TeIUIOBUX PEXKHMIB, IO CKIIQJAETHCS 3 OXOJIOMKYBAIBHOTO MPUCTPOIO, TETUIOBIIBITHOTO
pajiaropa, eIeKTPOBEHTHIIITOPA, 3aCTOCOBYBAHOI'O IUISl BiJIBEJEHHS TEIUIOBOI ITOTY)KHOCTI B HAaBKOJNMWIIHE CEpPENIOBHIIE, MOXXHA
BHUKOPUCTOBYBAaTH pi3HI PEXUMH pOOOTH eJEKTPOBEHTHJIITOPAa (BUTpaTa TMOBITPs). 3i 3pOCTAHHSAM BHUTPATH IOBITPS
€JIEKTPOBEHTHIISITOPOM  30LTBINYEThCS MIBHAKICTH IIOTOKY IIOBITPS B JKMBOMY Ilepepi3i TEIUIOBIIBIIHOTO pajiaTopa 3aJaHoi
KOHCTPYKIIi, IO NpPU3BOAWTH JO 3pOCTaHHSA KoedimieHTa TervioBimmadi. Lle, cBoelo deproro, nae 3MOry 3MEHIIWTH Ieperaj
TEeMIlepaTypd 3a 3aJaHol KOHCTPYKILii CHCTeMH 3a0e3ledeHHs TEeIUIOBHX pPEeXHUMIB. PO3MISHYTO MOXJIMBICTH KepyBaHHS
MOKa3HUKaMH HaJIHOCTI, a caMe, BIJIHOCHOIO IHTEHCHBHICTIO BiIMOB i HMOBIPHICTIO 0€3BiIMOBHOI pOOOTH CHCTEM 3a0e3nedeHHs
TEIUIOBUX PEXXUMIB Pi3HMX KOHCTPYKIIH (CTPYMOBI PeXXHMH, KiJbKICTh TEPMOEIEMEHTIB, IIIOIIA MOBEPXHI pajaiaTopa) 3a 3aJaHOro
PIBHS OXONIOMKEHHs (TeMIepaTypa CepelOBHINA, TEIUIOBE HABAaHTAKCHHs, TI€OMETpis TEepPMOENEMEHTIB) y pa3l 3MiHH YMOB
TEII000MIHY TEIUIOBIIBITHOTO pajiaTopa i3 CepeOBHIIEM.

KitrouoBi ciioBa: moka3HUKW HamilHOCTI; TMHAMIYHI XapaKTEepUCTHKH, Maca Ta rabapuTH; Tepemnaj TeMIepaTyp; CTpyMOBHI
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