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DETERMINATION OF THE MAXIMUM
COOLING CAPACITIES OF TWO-STAGE

COOLERS WITH A VARIATION IN THE
GEOMETRY OF BRANCHES IN STAGES

Posznsnymo enaue zeomempii 2ilok mepmoeiemMenmis 8 Kackaoax na napamempu i NOKAHUKU Ha-
ditinocmi 080KACKAOHUX MEPMOCNCKMPUUHUX 0X0JI00NICYBAUIE PISHUX KOHCMPYKULU NPU NOCILIO08HOMY
eLeKmpuuHoMy 3’€0Hani Kackadie 6 pexcumi Maxcumaivrnozo nepenady memnepamypu. Odepicani
cnissionouenns 0l BUSHAUEHHS ONMUMALLHOL 2e0MempPii 2iI0K MepMOeIeMeHmis 8 Kackaoax, ujo 6io-
nogidae HaubiILWoMy 3HAYEeHHIO nepenady memnepamypu ONs PI3HUX KOHCMPYKYIUL 0X0I00XCY6auia

npu 3a0anomy pobouoMy CmpyMi.

Kmouosi cnoBa: mepmoeiexmpuuniii 0X01009CY104UTl NPUCMPLIL, 2e0MEeMPIs 2iI0K MePMOeIeMenmis,
MAKCUMATLHULL Nepenad memMnepamypu, KOHCMPYKyii 0X0100%cYy6auie.

1. Introduction

Thermoelectric cooling devices are among the most
promising devices for providing thermal regimes for radio
electronic equipment. This is due to the lack of moving
components, small dimensions, high speed, mechanical
and impact strength. The disadvantage of thermoelectric
coolers (TEC) is lower cooling capacity compared to com-
pression cooling devices, which makes research relevant to
increase their cooling capacity relevant. It is obvious that
the main method of increasing the TEC cooling capacity
is selection of the material of the thermoelements of the
branches with the maximum value of thermoelectric ef-
ficiency. However, the choice of semiconductor materials
for thermoelements for industrial applications is rather
limited, therefore, with the existing technology and speci-
fied materials, constructive methods are needed to increase
the cooling capacity of thermoelectric coolers.

2. The ohject of research
and its technological audit

The object of research is an analytical model of the
relationship between the reliability of a two-stage thermo-
electric cooler and the geometry of the branches of thermo-
elements and its cooling capabilities.

The thermoelectric cooler is parallel arranged ceramic
cold and hot electrodes, between which are installed thermo-
elements, electrically connected in series. The existing
model of a thermoelectric cooling device is based on the
law of energy conservation, in particular, on the balance
of heat fluxes due to the thermal conductivity between
the load, cold electrode, thermoelements, hot electrode,
radiator and external environment.

Thermoelectric cooling devices belong to solid-state
coolers, the reliability and mass-size characteristics of which
significantly exceed the compressors of this purpose up to
a cooling power of 500 W [1]. This is especially important
for heat-loaded radio-electronic airborne elements operating
in a wide range of climatic and mechanical effects [2].

The spectrum of use of thermoelectric converters is wide:
from systems for providing thermal regimes for electronic
equipment, for medical systems for the formation of tem-
perature fields, for household refrigerators and air condi-
tioners to generators of electrical energy [3]. The cooling
capacity of thermoelectric cooling devices, which is lower
than the compressible cooling capacity, has made the prob-
lem of increasing the power parameters of the thermal
power plant is urgent, since they are beyond competition
by other indicators.

Another problem is reliability indicators, since modern
heat-loaded elements operate under conditions close to criti-
cal. Under the appropriate conditions, thermoelectric systems
also operate to ensure their thermal conditions [4]. The
increased thermal load significantly worsens the reliability
index of the power plant [5], therefore the design of the
device by the criterion of maximum cooling capacity should
be carried out taking into account this circumstance. In [6],
the influence of changing the geometry of thermoelements
on the reliability indicators of single-stage TEC is analyzed,
however, two-stage coolers have a number of features that
are mandatory [7]. The expediency of revealing the connec-
tion of reliability indicators with variation in the geometry
of the branches of a stage thermoelectric cooling device is
due to the potential possibility of improving the quality of
two-stage coolers. At the same time, the existing techno-
logy of their manufacture remains unchanged.

3. The aim and ohjectives of research

The aim of research is revealing the relationship bet-
ween the cooling capabilities and reliability indicators of
a two-stage thermoelectric cooler with the geometry of
the branches of thermoelements during their subsequent
electrical connection.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To develop a model for coupling the failure rate
with design parameters and energy parameters of a two-
stage thermoelectric cooling device.

.
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2. To analyze the simulation results to determine the
conditions for achieving the maximum temperature dif-
ference.

4. Research of existing solutions
of the prohlem

Among the main directions for eliminating the prob-
lem of increasing the cooling capacity of thermoelectric
cooling devices identified in the resources of the world
scientific periodicals, the following can be singled out:

— creation of new materials with increased thermo-

electric efficiency [8, 9];

— use of thin-film technologies for manufacturing thermo-

element materials [10-12];

— transition to nanostructural technologies for manu-

facturing thermoelement materials [13—15];

— attraction of external electromagnetic fields for control

of charge transfer in the thermoelement material [16];

— optimization of heat transfer in a thermoelectric

device [17, 18];

— involving elements of reliability theory in the techno-

logy of manufacturing of thermoelectric coolers [19-21].

As follows from the approaches presented in the world
periodicals, the main direction is the creation of new ma-
terials with higher values of thermoelectric efficiency and
materials manufacturing technologies, which directly deter-
mines the cooling capacity of the thermoelectric device. At
the same time, industrially used thermoelectric materials have
a very limited value of thermoelectric efficiency already for
half a century [4, 5]. Control of the thermoelectric cooler
parameters by electromagnetic fields significantly complicates
the system of providing thermal conditions, therefore it can
be recommended only in special applications.

Studies of influence of the thermoelectric coolers on
operational reliability indicators are carried out either at
the stage of preparation of the technology of manufactu-
ring products, or after manufacturing [21]. This limits the
possibilities of design impact on the resulting reliability
indices of the thermoelectric device.

Thus, the results of the analysis allow to conclude
that the determination of the relationship between the
reliability indices of a thermoelectric device and the design
parameters of thermoelements is actual.

5. Methods of research

As the methods of research let’s use the methods of
mathematical modeling, the theory of heat transfer and
reliability, which allow to obtain analytical expressions used
for analysis. From an applied point of view, this approach
allows to compare design solutions and design stage ther-
moelectric cooling devices with priority to the reliability
criterion. At the same time constructive and energy indica-
tors that meet the requirements of the terms of reference
under the existing technology are taken into account.

6. Research results

6.1. Development of a reliahility-oriented model. In some
cases, the developer has a number of different designs of
cascade thermoelectric devices (CTED). These devices can
differ from each other by the number of thermocouples
ny, ny in stages (ratio ny/ny) and the geometry of their

branches (the ratio of the height 1 of the stage branch
to the area of its cross section S). There are also pos-
sible series of standard (unified) modules, on the basis of
which it is possible to construct a CTED at (//S);=const
or (l/S);=var.

In [6], the regime of the maximum temperature difference
AT of two-stage TECs of various designs (n1/ny=var)
at (1/8)1=(1/S)2=10cm™! and their maximum cooling ca-
pabilities and reliability parameters are considered. Calcu-
lations of the maximum cooling capabilities, namely, the
maximum temperature difference ATy (1/8)1=(1/8)s=
=40..2.0 cm™' and different values of ny/n, are carried
out. Analysis of the results showed that ATp., does not
depend on the geometry of the branches of thermoele-
ments in stages, but depends on the efficiency of the
initial materials.

Let’s consider the estimation of cooling capabilities
and reliability indicators of two-stage TEC of various
designs (ny/ny=var) at (I/S);=var=20; 15; 10; 4.5 cm™!
and (//S)2=10 cm™! for the series electrical connection
of the stages.

To determine the optimal geometry of the branches of
thermoelements in the first stage (I/5)14p corresponding to
the largest value of the maximum temperature difference
AT, of a two-stage TEC for a given geometry of the
thermoelement branches in the second stage (//5),=const,
let’s use the relations [5].

The condition of thermal conjugation of stages can
be written in the form:

Qo1+ Wi=Qpa, (1
where Qy1=0 for ATy, — the TEC thermal load, W.

The power consumption of the first stage W; and the
cooling capacity of the second stage Qg included in this
expression are calculated by the formulas:

Wi=2n[I*Ri+el (T, -T)]=

=2n, [12 (lé5)1 +el (T, - TO)]; (2)
Qoz:2712[52[’11—0,512R2—K2(T—T1)]:

_ 0,51*(1/S),  X»
=—2n2|:eQIT1— z —(I/S)Z(T—To], 3)

where ny, ny — the number of thermocouples in stages, pieces;
I — the working current, A; R; — the electrical resistance of
the branch of the thermoelement in the i-th stage, Ohm, R; =
=(l/S);/ G;;é;, G;, X; — respectively, the averaged values of
the coefficient of thermo-emf, V/K, electrical conductivity,
S/cm, and thermal conductivity, W /(cm-K), the branches
of thermoelements in the i-th stage; Tp — heat-absorbing
junction temperature, K; Ty — intermediate temperature, K;
T — heat-absorbing junction temperature, K.

Let’s substitute (2) and (3) into (1) and obtain an
expression for the intermediate temperature:

/S

G X1

el
T1=To(1+x(l/5)1)—0,512 (4)

Substituting (2)—(4) in (1), obtain an expression for
determining the heat-absorbing junction temperature:
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_ X2 e(l/S), X2 , e (1/5)1
“Iras [ I (1/5>] "
% ASH(- % LSy,
X[(IS)ZT +0.57 o ( I+ (I/S)z) +0.51 5
n1 /S —05] 3711 31(1/5)1:|.
n, O ny Oy

Let’s introduce the following notation:

X2 1
A= T; B= 0512,, ; e +———
(1/8) S f=e (1/5)2
[5),
G n,01
E=0.5[3ﬂ ei; p=[f—1; K:pﬂi
Ny GiX1 X ny Y1

Taking this into account, expression (5) takes the form:

_ A+ Bf(l 85)? +C+D(l/5)1 —E(l/S);2
°‘ [+ ) (pf-K)

(6)

From condition

)=
\/1_D(pf—K)+(A+C)(pf_K)2
B/-E)/ " (B/-E)]

-1, (7)

The failure rate A/Ag of a two-stage TEC can be de-
termined from the expression:
A]:nam ’
B1+T@1

2 B (0,+C)| o
}\'O 11 ! ! A]:nam
1+

To 1

AﬂnaxZ ’
B, + T 0,

1 ATmax2
T

Ky +

+n2322 (@2 +C2) KT27 (8)

0,

where ©; — the relative temperature drop in the i-th stage,
@1 :(T1_TO)/ATmax1y 92 = (T_T1)/ATmax2; ATmaxi — the maxi-
mum temperature drop in the i-th stage, K, AT,..; =0.5z; T%;

the i-th stage, A, Inaxi =¢;T;-1/Ri; Z — the average
value of the material efficiency of the branches of the
thermocouples of the i-th stage, 1/K; Ky; — a sig-
nificance factor that takes into account the effect of
a lowered temperature in the i-th stage.

The probability of failure-free operation P of a
two-stage TEC can be determined from the expression:

P=exp(—At), )
®)
where ¢ is the assigned resource, h.
The voltage drop of a two-stage TEC can be
determined from the expression:
UZ: Wz/] (10)

Expressions are the basis for calculating the parameters
and reliability indicators of a two-stage cooler.

6.2. Analysis of the developed reliahility-oriented model.
The calculation of the main parameters and reliability
indices is carried out for various designs of a two-stage
TEC (ny/ny=var) with a fixed number of thermocouples
in the second stage ny=27, the optimum value (I/S),
and (1/5)»=10 cm~". To find the optimal geometry of the
branches of the first-stage (/)14 thermoelements, let’s
use a parameter that takes into account the geometry of
the branches in two stages:

_ ),
(1/5),

The results of the calculations are given in Table 1
and in Fig. 1-6.

Analysis of the calculated data shows that for fixed
values of the parameter a with a decrease in the ratio ny/ny:

— the intermediate temperature T; decreases (Fig. 1);

— the relative operating current in the stages By and

By increases (Fig. 2);

— the relative temperature drop in the first stage ©

increases for a=0.45 and a=1.0 and decreases, passing

through a maximum for a=1.5 and ¢=2.0 (Fig. 3, a).

In the second stage, ©, increases for different values

of a (Fig. 3, b);

— the value of the operating current I increases (Fig. 4);

— the optimal value of the geometry parameter of

the branches of thermoelements a,,; decreases, passing

through a minimum at n(/n,=0.5 (Fig. 4);

— the maximum temperature difference AT},  increases

(Fig. 5);

— the failure rate A/A¢ increases (Fig. 6, a) due to

the growth of the relative operating currents By and

By, as well as the growth of relative temperature dif-

ferences ©; and ©y;

— the probability of failure-free operation P decreases

(Fig. 6, b).

Analysis of the calculated data showed that for fixed
values of the ratio ni/ny with increasing parameter a:

— the intermediate temperature T increases (Fig. 1);

— the relative operating current of the first stage By

increases, and the second stage B, slightly decreases

C; — relative thermal load in the i-th stage, C, =%, (Fig. 2);
M inaxt — the relative temperature drop in the second stage ©,
+Qu; , : . : . ;
C,= ] TR B; — the relative operating current in the i-th increases (Fig. 3, b);
Mof max2 vz — the probability of failure-free operation P decreases
stage, Bi=1/Iaxi; Imaxi — the maximum operating current in (Fig. 6, b).
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Tahle 1
The main parameters and reliability indices of a two-stage thermoelectric cooler at T=300 K, fy=1.0 W, z, =2,4-107 1/K,
=27, (I/5)3=10 cm™! and variation of parameter a for different values of m1/n, in the ATy, mode
Design
(mDElLl]ES H1-1DZ, 32-103, Ima)d/ Imaer Wz, U):, 7\,-108,
in cascades a Q Q A A By B 61 ©2 I B | Al Br B W8 | M ko 1/h P
(stages))
m/mp=1.0; m=27;, [=2 A
”f,;‘]‘g'_g?/ 045 | 388 | 101 | 1.11| 502 | 018 | 040 | 033 | 048 | 2610 (596|387 |194| 45 | 063 | 1.89 |0.99981
1\&11%2277/ 10 | 943 | 1053 | 47 | 525 | 043 | 0380 | 067 | 023 |279.0 |64.0|563|282| 10 | 133 | 40 |0.99360
M13.8-27/
oOZ] 138 | 121 | 1042 | 351 | 538 | 057 | 0372 | 0825 | 0.174 | 2833 | 666 |6.23 | 5.11 138|352 | 106 (0.99894
l‘lf[411502277/ 15 | 139 | 10684 | 313 | 541 | 064 | 037 | 087 | 0.124 | 287.7 | 661|664 |333| 15 | 538 | 161 | 0.9984
M20-27/
o027/ | 20 | 189 | 111 | 237 | 540 | 084 | 037 | 085 | 00 | 300 |622(975( 48 | 20 | 147 | 442 | 09956
m/n,=0.67;, m;=18; I=2.6 A
”1’\',;‘1'3'_;3/ 045 | 381 | 100 | 108 | 497 | 0245 | 0523 | 043 | 057 | 2559 |68.7| 62 | 24 | 45 | 211 | 632 |0.99937
1\1:1411%1287/ 10 | 847 | 1042 | 485 | 506 | 056 | 051 | 080 | 0.36 |269.0|74.7|7.43|286| 10 | 356 | 107 |0.99893
M&}[?g;s/ 113 | 958 | 1042 | 41 | 504 | 0634 | 0516 | 081 | 038 |287.7 | 757 |7.73| 3.0 | 11.3 | 4.85 | 14.55 | 099855
1\&115[];'37/ 15 | 129 | 1042 | 314 | 527 | 083 | 049 | 0980 | 0.226 | 279.0 | 753 | 8.43|324| 15 | 109 | 326 | 0.9967
1‘13[21%1287/ 20 | 182 | 109 | 236 | 535 | 110 | 049 | 0987 | 0.084 | 2914 | 88.6 | 970 |372| 20 | 273 | 820 |099183
m/n;=0.50; ;=135 I=3.1 A
M4 5-13.5/
wo 153/ nas | 389 | 98 |1047| 495 | 030 | 063 | 050 | 0656 | 2513 (754 | 80 | 26 | 45 | 458 | 1375 (0.99862
Mf,['f[fgf/ 095 | 78 | 101 |483| 511 | 064 | 061 | 091 | 044 | 2635|824 91 |295| 95 | 627 | 188 099812
Mb}[%gf/ 10 | 820 | 101 | 45 | 510 | 067 | 081 | 0895 | 0.455 | 262.8 |82.2| 9.2 | 3.0 | 10 | 6.75 | 202 | 0.9380
M&?nlg;/ 15 | 121 | 101 | 31 | 53 | 10 | 059 | 10 | 032 | 272 |79.0|100]|325| 15 [17.25| 51.8 |0.99483
Mﬁ?;g? 20 | 179 | 105 | 237 | 54 | 131 | 0575 | 093 | 0135 | 2867 |69.0 | 114|367 | 20 | 375 | 1126 | 0.9988
m/np=0.33;, ;;=9; I=3.3 A
1;44‘1‘05297/ 045 | 346 | 962 |1067| 488 | 031 | 068 | 0524 | 0.744 | 2471 | 789 8.4 |254| 45 | 832 | 19.0 |0.99810
&4}33; 10 | 789 | 100 |481| 494 | 072 | 0668 | 0924 | 0594 | 2547 | 87.6| 9.4 |284| 10 | 108 | 325 | 09968
1\1\:1111[113; 111 | 854 | 100 | 414 | 493 | 080 | 067 | 0925 | 061 |254.0 |88.1|9.56|283|11.1|9.85 | 296 |0.93705
1{‘4’[11[5]3; 15 | 11 | 100 | 303 | 509 | 109 | 0648 | 1.0 | 0485 | 261 |868|1041|307| 15 | 181 | 542 | 0.9946
11:441233; 20 | 170 | 100 | 23 | 520 | 143 | 0635 | 081 | 041 | 2656 |77.3|108 |330| 20 | 334 | 100 | 0.9900
m/np=0.20; ;;=5;, I=3.8 A
1;44‘1‘05257/ 045 | 340 | 952 | 101 | 485 | 038 | 078 | 061 | 0835 | 243 |846|103|271| 45 | 109 | 327 | 0.9987
”ffi%?ég/ 0993 | 764 | 962 | 439 | 491 | 086 | 077 | 0984 | 071 | 2487 | 955|109 286|993 | 132 | 396 | 0.9960
1\1‘,’[[1132; 10 | 769 | 962 |441| 492 | 086 | 077 | 098 | 071 |248.7 | 934 | 108|286 10 | 132 | 396 | 0.9960
11\\4411[51% 15 | 115 | 100 | 304 | 483 | 125 | 078 | 094 | 064 | 252 |900|116|308| 15 | 219 | 657 | 0.9935
&41233; 20 | 161 | 100 | 239 | 503 | 159 | 0755 | 066 | 0535 | 258 | 766|120 |3.16| 20 | 230 | 869 099135
m/np=0.1;, m=3%; I=4 A
1;44‘1‘05;7/ 045 | 340 | 952 | 997 | 479 | 040 | 0835 | 0637 | 090 | 240 |88.1|11.1|278| 45 | 144 | 432 | 09357
b:’?i%%?/ 10 | 752 | 952 | 432 | 485 | 0926 | 0825 | 099 | 083 | 2431 (969|114 |286(9997 159 | 47.7 |0.99524
If,’[[]’gg; 10 | 752 | 952 | 432 | 485 | 0926 | 0825 | 099 | 083 | 243 | 968|114 |286| 10 | 159 | 47.7 | 0.9952
S;S’S; 15 | 113 | 952 | 296 | 491 | 135 | 0815 | 0875 | 0.769 | 246 |91.2|116|291| 15 | 215 | 644 | 0.9936
11\\4412[01% 20 | 159 | 962 | 235 | 491 | 170 | 0815 | 051 | 071 | 2487 |773|120| 30 | 20 | 252 | 755 | 09925
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Fig. 1. Dependence of the intermediate temperature T of a two-stage
thermoelectric cooler on the ratio n1/n; for different values of the
parameter a at T=300 K; (/5)2=10 cm™"; n;=27 in the AT, mode
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Fig. 2. Dependence of the relative operating current of cascades (stages) of

a two-stage thermoelectric cooler on the ratio ny/n; for different values of

the parameter a at T=300 K; (/5)3=10 cm’; n,=27 in the ATp., mode:
a — the first stage By; b — the second stage B,
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Fig. 3. Dependence of the temperature drop difference of cascades (stages)
of a two-stage thermoelectric cooler on the ratio ny/n for different values
of the parameter a at T=300 K; (/5);=10 cm™'; n;=27 in the AT
mode: a — the first stage ©4; b — the second stage O,
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Fig. 4. Dependence of the optimum value of the parameter a
corresponding to the largest value of the temperature drop: the vertex
geometry parameter a and the working current / of the two-stage
thermoelectric cooler on the ratio n;/n; at T=300 K; (J/5);=10 cm™;
;=27 in the AT, mode
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Fig. 5. Dependence of the maximum temperature difference AT, of
a two-stage thermoelectric cooler on the parameter a for different values of
the ratio m;/mp at T=300 K; (/5)2=10 cm™!; n;=27 in the ATy, mode
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Fig. 6. Dependence of the relative failure rate A/Ag and the probability of failure-free operation P of a two-stage thermoelectric cooling device
on the ratio my/n for different values of the parameter a at T=300 K; (/5)2=10 cm™; n;=27 in the AT, mode:
a — relative failure A/Ag; b — probability of failure-free operation P

As can be seen from Fig. 5, the functional dependence
ATnax=/(a) for different values of the ratio ny/n, has
a pronounced maximum for a given value of the operating
current I. For each value of the ratio ny/n,, it is possible
to determine the optimal geometry of the branches of
the thermoelements ag,=(l/S)1/(l/S)s, corresponding to
the largest value of the maximum temperature difference
ATpax. It should be noted that as the ratio ny/ny grows,
the parameter a,, shifts towards higher values from the
traditional a=1 (when (I/85)1=(1/S),=10).

The results of calculating the maximum temperature
difference ATy for agp (ATmax @ope) and for a=1 (ATrax o=1)
are given in Table 2.

Tahle 2
The results of calculating the maximum temperature difference

my/mp A ATnax sopt | ATmax a=1 | ¥ =ATmax aopt/ATmax a=1
1.0 1.38 66.6 64.0 1.041

0.67 1.13 75.7 74.7 1.01

0.50 0.95 82.4 82.2 1.0024

0.33 1.11 88.1 87.6 1.005

0.20 0.993 95.5 93.4 1.022

0.11 1.0 96.8 96.8 1.001

0.0 1.0 100 100 1.0

As follows from the last column of Table 2, the gain
depends on the ratio of the number of thermoelements in
the cascades (stages) and reaches a maximum at a ratio
of thermoelements equal to unity.

7. SWOT analysis if research results

Strengths. The strength of this research is the justi-
fication of the possibility of increasing the reliability of
two-stage thermoelectric cooling devices to 4 % without
improving the existing technology of industrial production

and changing the material of thermocouples. From an ap-
plied point of view, this makes it possible to maintain the
technical operating conditions for climatic, mechanical and
radiation indicators of manufactured products unchanged
with an increase in their qualitative characteristics.

Weaknesses. The weak side of this research is the fact
that the proposed model takes into account a limited
number of influencing factors, in particular, the thermal
deformations do not take into account that occur at the
junction of thermoelements with heat-removing ceramic
electrodes. In cascade thermoelectric coolers, the tem-
perature conditions for the functioning of thermocouples
in cascades (stages) differ, which may affect the plastic
properties of soldered joints. This component is not taken
into account by the proposed model, and its effect on
reliability indicators of thermoelectric coolers requires
further research and corresponding financial costs.

Opportunities. Additional opportunities for increasing
reliability indicators of two-stage thermoelectric cooling
devices consist in taking into account the geometry of
thermoelements and the distribution of thermoelements
in cascades (stages). This allows to optimize the design
solutions to achieve the maximum values of temperature
differences. With the introduction of elements of research
data at enterprises, it becomes possible to lay products
already at the design stage with enhanced reliability in-
dicators.

Threats. Threats for practical use of the obtained results
are connected with the expansion of the nomenclature
of produced two-stage coolers tied to specific operating
conditions. Therefore, this function should be incorporated
into the algorithm of the automated system of design and
manufacturing, which is the general trend of modern produc-
tion. Additional costs are associated with the completion
of the software product of the computer-aided design of
thermoelectric coolers in the direction of accounting for
the investigated reliability component.

Thus, SWOT analysis allows to assess the main direc-
tions of improving the design and manufacturing qua-
lity of two-stage thermoelectric cooling devices based on
a reliability-oriented criterion.
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1. A model of the relationship between the reliability
indices of two-stage TECs of various designs with the
geometry of the branches of thermoelements in casca-
des (stages) in the AT, mode with electrical series of
the cascades (stages) is proposed and analyzed. The ob-
tained relationships enable to estimate the maximum cooling
capacities and reliability indices of two-stage coolers of
various designs.

2. The possibility of increasing the maximum tempera-
ture difference ATyax to 4 % is shown by choosing the
optimal geometry of the branches of the thermoelements
in the cascades (stages) (1/S)1>(1/S)s, which differs from
the traditional (1/8)1=(l/S),, at a given operating current.
The proposed approach makes it possible to estimate the
maximum cooling capacities of two-stage coolers and to
optimize the design of systems for providing thermal re-
gimes for radio electronic equipment.
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ONPEAENEHHE MAKCHMANBHBIX OXNAMAAHLIKX
BO3MOMHOCTE# ABYXKACKARHLIX OXNMAOUTENER MPH
BAPHALIHY TEOMETPHH BETBEi B KACKAIAX

PaccmoTpeno Biamsnnme reoMeTpum BeTBell TEPMOITEMEHTOB
B KacKa/jax Ha mapaMeTphl U TI0Ka3aTeIn Hale’KHOCTI IByXKacKa-
HBIX TEPMO2JICKTPUYECKIX OXJIQZINTesNel PasInIHbIX KOHCTPYKIINI
TIPU TTOCJIEZI0OBATETHHOM 3JeKTPHYECKOM COEMHEHUH KacKaloB
B peXMMe MaKCHMaJabHOTO mepernaga Temrmepatypsl. [lomyuemnst
COOTHOTIEHUA I OTIpeJie/IeHIsl ONTUMaabHON reoMeTpun BeTBei
TEPMOITIEMEHTOB B KacKagax, COOTBETCTBYIOINIEN HanGOJbIIEMY
3HAYEHNIO Tepernaja TeMIepaTyphl A8 Pa3JIndHbIX KOHCTPYKIIN
oXJIaUTesIell IpU 3a7aHHOM pabodyeM TOKe.

Kmouesste cnosa: TepMO2JIEKTPUYECKOE OXJIaK/atollee yCTpPoii-
CTBO, TEOMETPHS BETBU TEPMOIJIEMEHTOB, MAKCUMAIbHBII TTepernas
TeMIIepaTypbl, KOHCTPYKITUH OXJIafuTesed.
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