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Modern technologies make it possible to construct electronic devices that combine small sizes and high energy con-
sumption, which requires the optimization of thermal modes. A promising direction to improve cooling intensity of the
heat-loaded element (HLE) and precision of temperature control is applying thermoelectric modules (TEMs), which
endow the heat release system with a cooling function, i. e., allow to reach temperatures of the HLE below ambient
temperature. In the present paper, the processes of heat transfer in thermoelectric system of cooling and temperature
control (TESCTC) are comprehensively considered. The temperature field in the capacity of heat-distributing plate
(HDP), and influence of the heat flux inhomogeneity on the HLE temperature increase have been defined. The results
of operating modes calculations, taking into account the heat-power release of HLE, performance of TEM, parameters
of HDP and cooler, and magnitude of thermal resistance of thermal contacts have been presented. The calculation
method allows to determine the temperature of HLE and to optimize TESCTC modes to achieve maximum cooling effi-
ciency and lower energy consumption. It has been found that the optimal power supply current of TEM, corresponding
to the modes with the maximum efficiency of cooling, depends on the thermal resistance of the heat sink system and the
power of the heat load.
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Cospementbie MexHOL02UU NO3BOTISLIOM NPOU3BOOUNb PAOUOILEKMPOHHbIE YCMPOUCMEd, cOYemaiowjue Mauvie pas-
Mepbl U 8bICOKOE dHepeonompebienue, Ymo obocmpsiem npooremy obecneyeHus OnmuMaibHbIX MEenL08bIX PEeICUMOS.
Ilepcnexmusnvim HanpasieHuem Osi NOBbIUEHUS UHMEHCUBHOCTNU OXAANCOEHUS. MENIOHASPYICEHHO20 IeMeHmA
(THD) u mounocmu mepmope2yiuposanust s61semcs. npuMenerue mepmoajiekmpudeckux mooynei (TOM), komopole
Haodensom menioomeooauyio cucmemy QyHKyuel oxXaaicoenus, m. e. 0arm 03MONCHOCHb 00CMU2AMb memMnepamy-
put THD nuoice 3nauenus enewnell cpedbl. KomMniekcHo paccmompensl npoyeccvl menjioooMena 6 mepmodieKmpuye-
ckoll cucmeme oxaavicoenusi u mepmopezynupogarust (TOCOT). Onpedeneno memnepamyproe noie 8 0oveme menio-
pacnpedensioweti naacmunst (TPII) u ¢iusnue HeOOHOPOOHOCHU MENI08020 NOMOKA HA YEeIUdeHUue meMnepanypol
THO. IIpedcmasnensvl pe3yismamsl pacyema pexcumos pabomol ¢ yiemom mowHocmu meniogvioenenus THO, pabo-
yux xapaxmepucmuk TOM, napamempos TPII u kynepa, genuuunvl mepMuieckux CoOnpomuIeHutl meniogblx KOHMaK-
mos. Pacuemnas memoouxa noseonsiem onpedensimo memnepamypy THD u npogooums onmumuzayuto pesxcumog TO-
COT c yenvto 0ocmudiceHusi MaAKCUMATbHOU 3(PHeKMUSHOCMU OXANCOCHUsL U CHUNCEHUsL JHepeo3ampam. Ycmanosne-
HO, umo onmumanvhas cuna moxa numarnusi TOM, coomeemcmayiowas pescumam ¢ MakCUManbHOU @ exmusHocmvio
OXNANCOEHUS, 3A6UCUN O MEPMUYECKO20 CONPOTMUGLEHUS CUCTNEMbL TNENTO0MBOOA U MOWHOCIU MENT0B0U HACPY3KU.

Kniouegvie cnosa: mepmosnekmpuueckuti MoOyib, MenioGoU pedtCUM, MeNnIOHASPYICEHHbIN IeMeHm, cucmemda
OXNANCOeHUS, MEPMULECKOe CONPOmusieHue.

Introduction. The resource, operational stability and  temperature condition, so in case of increase in working

operating characteristics of the heat-loaded elements (HLE) temperatures from 20 to 60 °C equipment failure rates
of radio-electronic equipment significantly depend on their  increase more than twice [1]. The perspective direction
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for cooling and temperature control of HLE is the use of
thermoelectric modules (TEMs). Thermoelectric system
of cooling and temperature control (TESCTC) possess
a list of advantages in comparison with other cooling sys-
tems, namely: possibility of smooth temperature control
in rather broad range by changing of value and direction
of supply current TEM; minor thermal inertness; high
reliability; absence of moving parts; compactness and
small weight; quietness of operation. TESCTC are effec-
tively used for cooling of both miniature objects and large
volume refrigerators [2—6].

Construction and characteristics of the cooling sys-
tem. HLE / is considered to be a TESCTC widespread
type applied to cooling, construction with heat distribut-
ing plate (HDP) 2, TEM 3 and a cooler 4 (fig. 1). HDP
is necessary for alignment of thermal power distribution
arriving from HLE on TEM surface. At the same time
TEM performs the function of a thermal pump transfer-
ring heat from the cold side to the hot. The cooler re-
moves the total thermal power produced by both HLE and
TEM to the external environment. These elements of the
system have thermal contacts on the boundaries. On the
areas of contact surface A the cooler removes heat to the
external environment having temperature 7,. The bound-
ary of B corresponds to the contact surface of the cooler
with the hot side of HLE which temperature is described
by average value of 7,. The cold side of HLE (B surface)
has average temperature of 7;. HLE seat (D surface) is
characterized by average value of temperature 7,. In case
of HLE suspension from the considered construction, the
normal heat-eliminating system, which is widely applied
to HLE cooling, for example, in the computer equipment,
is widely used.

Typical options of temperature distributions which can
be implemented in TESCTC are given in fig. 2. Ambient
temperature 7, is the original value directly influencing
HLE seat temperature. For the normal heat-eliminating
system temperature value 7, of HLE seat certainly ex-
ceeds Ty value, increase in temperature is assured due to
the temperature fluctuations caused by thermal resistance
of HLE and cooler (line 4). The negative temperature
drop made by HLE allows to reduce temperature 7,
which in this case can either exceed value of T (line 2),
or be lower than this value (line /). Under certain condi-

Fig. 1. Thermoelectric cooling system

Puc. 1. CxeMa TepMOAJIEKTPUIECKON CHCTEMBI OXJIAXKICHUS

tions influence of own heat release of HLE can on the
contrary lead to its additional heating (line 3), not cooling.
When analyzing efficiency of HLE cooling, basic operat-
ing characteristics of HLE are used; they can be calcu-
lated [7] or received from the vendor. In the present re-
search the influence of HDP thermal resistance, cooler
and thermal contacts on characteristics of thermoelectric
cooling and HLE temperature are studied. HLE tempera-
ture is determined by the ambient temperature and the
sum of temperature drops of all construction elements.
During calculations temperature drops were calculated
gradually at first in configuration “TEM-cooler”, then
in HDP in terms of thermal influence of HLE and TEM.
The analysis of TESCTC characteristics is carried out on
the example of serial TEM of NPO “Kristall”.

Temperature calculation of the heat-loaded element.
Values and temperature drop ratio depend on operating
characteristics and parameters of all TESCTC construc-
tion elements and their cross impact [8—11]. In TESCTC
in case of heat exchange of TEM with an external envi-
ronment from its hot side, it is necessary to remove the
total thermal power developed by HLE and TEM, which
is, as a rule, considerably higher than HLE power due to
rather low refrigerating coefficient of TEM. It causes the
corresponding growth of temperature drop on thermal
contacts and the cooler, which, as a result, leads to lower-
ing of cooling efficiency. The difference of temperatures
AT, between the cold side of TEM and the environment
is determined from expression [11]

ATy =T, —Ty =R (Q+W) - ATy =
=RO+RUU,O) - ATl (1,0),

here T, Ty — temperature values of the hot side TEM and
environment; R, — total thermal resistance of the cooler
and its thermal contact with TEM; Q, W — heat release
capacities of HLE and natural energy consumption of
TEM; ATrgm =T, — T, — temperature drop between the
cold and hot sides of TEM; U, I — power and current in-
tensity of power supply of TEM. Operating characteristics
of TEM from the manufacturer Q(ATrgy) and U(ATrem)
are basic data for dependences determination U(Z, Q)
and ATrem(Z, Q) and further calculation AT. The method
of dependences calculation is presented in [10; 11].
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Fig. 2 Temperature distribution in the cooling system

Puc. 2. PactipeneneHne TeMrepaTypsl B CHCTEME OXJIAXKICHUS
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Dependences of the cold side temperature drops of
TEM and the environment on the power consumption
under Q =40 W and R, = 0.1, 0.3 and 0.5 K/W are pre-
sented in fig. 3 for TEM “S—127-14-11" (solid lines) and
“S—199-14-11" (broken lines), having maximum refrig-
erating values 79.3 and 124.2 W. Negative values AT,
correspond to the modes, in which cold side temperatures
of TEM are lower than ambient temperature. Temperature
drop values AT, considerably depend on R,, variation
interval of values AT for the fixed W within the range of
R,=0-0.5 K/W averages at about 55-60 °C. For the given
dependencies presence of least values is typical. This least
values correlate with the best values of energy consump-
tion W, under which the maximum cooling of HLE can be
achieved. When increasing R; from 0.1 to 0.5 K/W these
values W fall from 103 W to 38 W for TEM “S-127-14-11"
and from 120 W to 37 W for TEM “S—-199-14-11"".

For temperature drop losses in HDP measurement
mathematical model based on numerical solution of the
three-dimensional equation of heat conduction is used
with regard to the load characteristic of TEM:

or . (o’T o'T o'T

AM—+—+—|,

[8x2 o' o J
where ¢, p, A—specific heat capacity, density and heat
conduction coefficient of material; 7 — temperature;
t — time; x, y, z — spatial coordinates. Values ¢, p and A
in all estimated area had constant values corresponding
to copper. HDP sizes were equal in cross x and y direc-
tions were equal to TEM 40x40 mm” overall dimensions,
in z direction its thickness o varied. The HLE seat was set
in the center of HDP’s upper surface in the form of a
square with side a. On the upper and lower boundaries of
HDP inhomogenuity of heat fluxes, caused by influence
of HLE and TEM was considered. To solve this equation
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the method of total approximation with splitting of the
task into spatial coordinates [12] was applied.

Based on calculations distributions of temperature
HDP with different values of its thickness & and HLE size
a were obtained. The integral parameter characterizing
heat-transmitting ability of HDP is the thermal resistance
of R. Quantitative thermal resistance is calculated as the
relation of average temperatures of HLE seat difference
and the bottom surface of HDP to the transferred thermal
power, where time value R depends both on heat conduc-
tion of HDP material and HLE and HLE sizes. Depend-
ences R on thickness of copper HDP are shown in fig. 4
for different values a, curves /, 2, 3, 4 and 5 correspond
to values 22.5, 17.5, 12.5, 7.5 and 2.5 of mm. Based on
values of thermal resistance R and power of heat release
of HLE, Q value of temperature drop on HDP is defined
by the expression ATypp = RQ. The figure shows that the
range of best values & makes approximately from 3 mm
where a = 22.5 mm up to 5 mm where a = 2.5 mm. Opti-
mization of HDP parameters allows to minimize tempera-
ture drop and as a result to reduce HLE temperature.
Besides, calculations proved that inhomogenuity of the
temperature field of TEM cold side leads to essential
increase in thermal resistance of HDP compared to the
case of isothermal heat-eliminating surface [13; 14]. This
increase R is explained by the increase in average length
of heat transmission in HDP capacity, caused by lower
values of temperature on TEM edges. Lowering thermal
resistance value and losses of HDP temperature drop can
be assured by applying materials with higher coefficient
of heat conduction or hyper heat-conducting plates (plane
thermal pipes) in which high effective heat conduction
is reached due to phase transformations of the heat carrier
in case of movement in the porous environment [15; 16].
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Fig. 3. Dependences of the TEM cold side temperature drops and the environment
on the power consumption under Q =40 W and various values of R
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Fig. 4. Dependencies R(8) for the cooper HDP, curves 1, 2, 3, 4 and 5
correspond to @ =22.5, 17.5, 12.5, 7.5 and 2.5 mm

Puc. 4. 3aBucumoctu R(8) mns menHoit TPIL, kpuseie 7, 2, 3,4u 5
COOTBETCTBYIOT a = 22.5,17.5,12.5, 7.5 u 2.5 mm

Thus, the considered two-step algorithm allows to
calculate HLE temperature. At the first stage temperature
of the TEM cold side is determined by calculation of total
temperature drop in the “cooler — TEM” system with
regard to the HLE thermal power, operating
characteristics of TEM, cooler thermal resistance and
thermal contacts, ambient temperature. Then temperature
drop in HDP is calculated and based on HDP temperature
distribution on the upper boundary of HDP with regard to
the thermal resistance of heat contact on its seat,
foundation temperature is determined. Final expression
for average temperature of HLE seat calculation has the
following appearance

T, =T, + AT, + RO.

Under the known internal thermal resistance of HLE
(information of the vendor) its influence is considered the
same way, herewith the temperature of the semiconductor
crystal, located in the HLE case, will be defined.

Conclusion. In the present paper heat exchanging
processes in TESCTC are considered; the algorithm
allowing to carry out calculation of HLE temperature and
TESCTC modes optimization to increase cooling
efficiency of HLE and lowering of TEM energy
consumption are provided. It is stated that the value
of effective power consumption of TEM corresponding
to the modes with maximum cooling efficiency depends
on the thermal resistance of the cooler and power of HLE
heat release.
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