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MODULE APPLIED TO COOLING AN EXPERIMENTAL ROOM

DZIALANIE UKLADU Z OGNIWEM TERMOELEKTRYCZNYM
ZASTOSOWANYM DO CHLODZENIA KOMORY BADAWCZEJ

Abstract: Thermoelectric modules (TE), also called Peltiexdoies, can be used for the cooling processes in
various system configurations. The thermoelectriziates act as a heat pump - supplying electricaiggnto the
TE module causes energy transport from its one salked the cold side, to the other one, calledhbt side. The
effects of the Peltier module operation dependhenapplied heat exchangers type and the intenfsttyeccurrent
supplied to the module. In this paper, the opematdd a selected thermoelectric module used foriogol
experimental room of a 0.125%1s presented. The heat exchangers, consistinquofisum radiators integrated
with fans, were used to improve the heat exchamgeegs on both sides of the applied TE module. riputihe
tests, the temperature changes inside the expaahreoem and on the heat sinks on the cold andhthesides of
the TE module at variable current supply from &6té were followed. The best results of cooling parfance
were obtained with 4 and 5 A currents. In thesesathe temperature inside the experimental roomreduced
by approx. 9 °C.
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Introduction

Thermoelectric (TE) modules are solid-state deviessd commonly as cooling units
(TEC) and power generators (TEG) [1, 2]. A singlé module consist of a number of
n-type andp-type semiconductor junctions connected electricall series (by cooper
conductors) and thermally in parallel. Semicondisctare placed between two ceramic
plates, which forms two sides of the module: cahdl &ot. A schematic diagram of TE
module construction is presented in Figure 1. Térdopmance of thermoelectric module is
described by five physical phenomena comprisinggeghthermoelectric effects: Pelter
effect, Seebeck effect (the opposite phenomentimet®eltier effect, used in thermoelectric
power generators), Thomson effect as well as Jefflect and heat conduction [1].
Thermoelectric cooling phenomenon, allowed by ttaeséces, is described by the Peltier
effect. According to this physical phenomenon, wiidgh module is powered by direct
current (DC) it creates the heat transfer betwaendlectrical junctions. On the one side
(known commonly as the cold side) of the TE modubat is being absorbed from the
surrounding environment - when electrons flow framow energy level in the-type
material to a higher energy level in thaype material, which requires energy supply, the
energy is absorbed on tlpen junction causing the cooling effect. On the otbiele of TE
module (called usually as the hot side) heat iDdiégpd and released to the environment as
a result of electrons returning from higher endeyel in then-type to a lower energy level
in the p-type material. When the current direction changes effect is reversed [4-6].
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Fig. 1. Schematic diagram of TE module construct&n

The amount of the energy gained on the hot sidéBfmodule is greater than the
amount of energy absorbed from the environmenthencbld side because of the Joule’s
heat - when electric current flow through the TEdule (conductor of non-zero resistance)
additional heat is generated in the module andparied both, partially, to the hot side and
to the cold side. Both, Joule’s heat and thermaldootion (see Fig. 1), influence the
cooling process negatively [1, 6].

The Thomson effect describes a phenomenon relatedd leg within the TE module
and influences heat production, heat transfer aretgy conversion. Depending on the
temperature difference between the hot and col@hels and the Seebeck coefficient value
of the leg material, it can either depressed omoted the performance of TE module
[7-9].

Summarizing all of the previously described phenomethe performance of
thermoelectric cooling device depends on a follgfactors [1, 6-9]:

- the properties of the thermoelectric material idalg Seebeck coefficient, electrical
conductivity and thermal conductivity - those prdjes are used to determine the
primary criterion of merit ZT value; the most conmhpoused thermoelectric material
based on bismuth telluride (Bies) is characterized by ZT value of 1,

- the value of electric current applied to the TE noied

- the temperature values of the hot and cold sidd€ahodule,

- the thermal resistance of the heat sink on the aollf what the most important, hot
side of the TE module.

Refrigeration process based on thermoelectric t@olgy, in comparison to
conventional refrigeration, presents several siggift advantages including: simplicity of
use, compact size of the devices, lack of movingspéover levels of noise and vibration,
lack of refrigerant and small cooling capacities.

Thermoelectric devices are mainly used for cooligects such as microprocessors,
graphics cards, laser diodes or even photovoltaitels [10-12]. They are also used in
laboratory equipment, in medical application (da.tissue preparation and storage) and
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tourist refrigerators [13]. There is also a pos#ibto use TE module to in ventilation and
air conditioning systems of buildings [14-18].

Liu et al. [14] developed the novel thermoelectticoled ceiling combined with
displacement ventilation system, called by the engtt5TCC-DV. The system allows on
heating and cooling the space, and both coolethgeiind ventilation systems are supplied
by photovoltaic installation. The experiment comieg the application of cooled ceiling,
where commercial TE modules were used, showedtlieaperformance of tested system
strongly depends on operating voltage and tempematun conducted experiment, the
values ofCoefficient of performancé€COP) equal 0.9 and 1.9 were reached for voltage of
5 and 4 V respectively.

In the another research, Liu et al. [15] desigtedsblar thermoelectric air conditioner
with hot water supply (STACHWS). The tested systeam work in several modes
according the users’ requirement. The recoveryooflensing heat, utilization of heat from
the hot side of TE module and fluent control of kvparameters allowed to rea€lOP
equal 4.51 in space cooling and air heating moHlerefore it was stated that tested
STACHWS system can bring the reduction of indoasliogy and heating load and provide
the continuous hot water supply for the users.

An interesting study was performed by Wiriyasarakt[16]. The authors developed
air cooling and heating system for ventilation mpsgs, which was based on several water
heat exchangers working at both sides of thermu@&eaodules. Cooling module
consisted of six thermoelectric plates, two coldevdoxes and a hot water box, while
heating module included three TE modules, one tademtank and one cold water tank.
The remaining heat from cooling module was dissigpab the atmosphere. It allowed to
heat the air flux by 2.5 °C and cool it by 2 °C. dlmta onCOP was included in this study.

The novel facade-integrated thermoelectric air @é@mming was developed by Matuska
et al. [17]. The system integrated the functionsheéting, cooling (by ventilation) and
shading within the standard curtain walling modald was supply byV panels and
flat-plate batteries. Described system was powbyeDC with control of parameters based
on actual temperature conditions. Presentation exfopmance included experimental
cooling and heating of an office room with dimemsicc.4 m x 3.5 m x 4 m, while the
facade unit dimensions were 1.8 m x 2.8 m x 0.7 he several input DC parameters were
tested, which resulted in the range @DP for heating mode 1.2 to 3.3 and for cooling
mode 0.35 to 2.5.

In the newest work of Liu et al. [18] a solar-drnivexhaust air thermoelectric heat
pump recovery (SDEATHP) system was presented. THeAS HP was developed in order
to overcome the limitations of the passive wastg hecovery systems and the active waste
heat recovery systems. In the tested system, aRW®lpanel converted solar radiation into
electrical energy, which was afterwards used togyative exhaust air thermoelectric heat
pump recovery (EATHP) system to recover the endogyfresh air heating or cooling.
The advantage of the system is the lack of poweswmption, except required for the
applied fans. TE modules are supplied directly fritv@PV panel, which allows to save
investment costs (no batteries and inverter). TAEHEP system is consisted of two (fresh
and exhaust air) fans, two heat sinks and themotéd modules installed between the
fresh air side heat sink and the exhaust air s@# kink. As heat sinks, heat pipes were
used. The system is strongly dependent on theretteonditions (temperature and solar
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radiation), therefore the report&OP varied during the experiment and reached values
between 1.26 and 5.6 for heating mode and 0.5114r&ifor cooling mode, respectively.

The aim of this paper was to evaluate the relabietween the temperature values
achieved in monitored points of small-scale coolygtem with TE module tested under
the laboratory condition. In the conducted expentn€lE module was powered by
different values of electric current: 4, 5 and 6 A.

Materials and methods

The scheme of applied laboratory installation aitmytests of thermoelectric module
is presented in Figure 2. The cuboid experimemairr consisted of 5 cm thick polystyrene
boards characterized by thermal conductivity cogffit of 0.034 W/(m-K). The cubature
of the experimental room was equal to 0.128 (mternal room dimensions are
0.5 m x 0.5 m x 0.5 m). The connections of roomisvakre additionally insulated with the
carefully applied layer of polyurethane foam. Ire tltonducted research study, the
thermoelectric module QC-127-1.4-8.5MD (Quick-Condas used. The basic parameters
of the applied TE module are as following: maximamperage 8.5 A, maximum voltage
15.5 V and the maximum temperature difference betwthe hot and cold sides 70 °C.
The module dimensions were 40 mm x 40 mm x 3.4 @m.the both sides of the TE
module the aluminum heat sinks integrated with farese installed to ensure the forced
convention heat transfer. The heat exchangers attaehed to the tested TE module by
thermal conductive paste of a conductivity of 5. W K). This created construction was
placed in the top cover of the room in order toue@ghermal insulation of the TE module.
The direction of the current was set in order tovjate cooling of the experimental room.
There were no heat gains inside the experimentahro

The measurements applied in the presented studgredvobservation of air
temperature changes inside the experimental roome#isas temperature on the cold and
hot sides of the TE module, in three repetitions;irdy time duration of 90 minutes for
three selected values of the applied electric otrree 5 and 6 A, respectively.
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- - ﬁuulu....z':_——
' Temperature sensors:
Heat absorbed ® Heat sink on the hot side
o the cold side ® Heatsink on the cold side
L o @ Inside the experimental room
Experimental room

Fig. 2. Schematic diagram of experimental setup w@mperature sensors
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The developed system of measurement as well agelateding and logging allowing
control of the air temperature changes inside thgeemental room and temperature
changes on the heat sinks on the cold and hot sfdEiS module consisted of the following
elements:

- two stainless steel temperature sensors Pt50@s{mieag accuracy + 0.1 °C), for
measuring the temperature inside the experimeoaahy

four copper plate temperature sensors Pt500 (megsaccuracy + 0.1 °C) for

temperature measurement on the cold and hot sittee GfE module,

- data logger APEK AL.154 (Poland).

The location of previously described sensors ingkgerimental room and on the both
surfaces of the TE module is presented in Figure 2.

The obtained results of temperature measurementslifcapplied value of power
supply current were statistically validated usitige tstandard correlation matrices for
a given current, while the possible differenceghia observed values of temperature for
each of applied currents were assessed by the &rMgallis one-way analysis of variance,
after application of the Shapiro-Wilk test of notitya

Experimental results and discussion

The changes of temperature in a monitored pointa@Experimental sets at different
currents applied to the TE module are presenté&igare 3.
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Fig. 3. Temperature changes in the monitored pdéantdifferent currents: a) 4 A, b) 5 A, ¢c) 6 A

In all the tested cases, the trends of curves leisib Figure 3 are analogous.
The measured temperature in all monitored pointe@&ystem changes dynamically in the

first ten minutes of the experiment and stabiliggsntually until the full time duration of
the experiment.
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The average temperature obtained in monitoreditmtafor a given values of applied
current and the values of obtained standard eorathé mean are presented in Figure 4.

The air temperature values inside the experimewiam obtained at the end of the
experiments for assumed current values 4, 5 andaseAll, 10.9, 13.4 °C accordingly.
The temperature values achieved on the hot side3é4, 42.4 and 51.1 °C, and the
temperature values on the cold side are 7.4, 0.8, °LC, respectively. It can be noticed that
the higher values of current applied to the TE nedioe higher temperature values on the
hot side was registered, what is related to théeIoheat increasing the energy gains on the
hot side. In case of value 6 A of current appliedhe tested TE module, the additional
amount of Joule’'s heat influenced the cooling pssceegatively. The applied heat
exchanger is not efficient enough to remove theessteat generated on the hot side of the
module. Thus, part of this heat is conducted to ¢bkl side minimizing the cooling
capacity. The relations between the temperatureiegalon the hot side and the air
temperature values inside the chamber, achievedllintested series, are presented
in Figure 5.
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The performed statistical analyses of correlatmnrtlie obtained results of temperature
measurements at the selected locations (see Fuf.l2poratory system and for the given
values of the applied current showed strong sizaibt significant correlations of measured
temperatures, including coefficients of correlatiRn= 0.938-0.982 for hot sides of TE
module,R = 0.963-0.967 for the experimental room ahet 0.993-0.997 for the cold side
of TE module, respectively. The results of statadtianalyses based on the Kruskal-Wallis
one-way analysis of variance showed in most oftdsted cases statistically significant
differences, for level of significange= 0.05, among temperatures observed for the applie
currents (4, 5, 6 A) in the tested locations (sige 8). Only for temperatures measured on
the cold side of the TE module for 4 and 5 A cuisethe observed differences were not
statistically significant.

Conclusions

In this paper the operation of a thermoelectric liogo system installed in the
laboratory experimental room and powered by thpgdied values of current was studied.
Based on the conducted experimental analysis, tilwing conclusions can be
formulated:

- The observed cooling effects under the laboratonditions depends on the value of
current applied to the TE module. The best resfltooling efficiency were achieved
for current 5 A for which the decrease in tempeamtnside the experimental from
20 to 10.9 °C was noted. In most of the studiecesabe observed differences in
measured temperature for various values of apptiadents were statistically
significant.

- In general, application of the tested TE module @edproposed heat exchanger under
the laboratory conditions allowed to decrease teaipee inside the experimental
room by approx. 6.7-9.1 °C.

- The higher values of current applied to the TE niedoe higher temperature value on
the hot side were obtained, as a result of theelhkat. This heat can be reused for
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a certain purpose such as preliminary heating ohektic water. Thus, the overall
system efficiency could be improved.
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DZIALANIE UKLADU Z OGNIWEM TERMOELEKTRYCZNYM
ZASTOSOWANYM DO CHLODZENIA KOMORY BADAWCZEJ

Wydziat Irzynierii Srodowiska, Politechnika Lubelska, Lublin

Abstrakt: Ogniwa termoelektryczne, zwane réwhniegniwami Peltiera, magby¢ wykorzystywane do procesu
chtodzenia w rénych rozwazaniach konfiguracyjnych. Ogniwa termoelektryczrealdhjy jak pompa ciepta -
dostarczenie energii do ogniwa powoduje,energi z jego jeden strony, zwanej stpomimna, jest pobierana
i transportowana na dragzwary strory goraca. Efekty dziatania ogniwa Peltiera zadeod zastosowanych
wymiennikéw ciepta oraz od ngtenia padu zasilagcego ogniowo. W pracy przedstawiono dziatanie wybge
ogniwa termoelektrycznego wykorzystanego do chinidzdéomory badawczej o kubaturze 0,128 o obu
stronach ogniwa zastosowano wymienniki skigckjse z radiatoréw aluminiowych i wentylatoréw w celu
usprawnienia procesu wymiany ciepta. Podczas tavhada sledzono zmiag temperatury wewgtrz komory
badawczej, na radiatorze po stronie zimnej oraradetorze po stronie gg@ej ogniwa termoelektrycznego przy
zmiennym natzeniu padu zasilajcego wynoszcym od 4 do 8 A. Najlepsze efekty chiodzenia otragm przy
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nakzeniach pgdu 4 i 5 A. W tych przypadkach udato; sbnizy¢ temperatuy wewngtrz komory badawczej
0 ok. 8 °C. W przypadku zasilenia ogniwaagem o nafzeniu 8 A doszio do ogrzania komory badawczej

o ponad 5 °C.

Stowa kluczowe:ogniwa termoelektryczne, moduty Peltiera, efekodhenia



