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Abstract

Currently, energy demand and environmental pollution have boosted the evolution of different environment friendly technologies for the
development of clean and renewable energies. That is why scientific research allows us to demonstrate the use of solid state based devices
implementing temperature changes by electric induction. Given the above, a combined thermic generation system is taken into
consideration, consisting in an environmentally friendly thermoelectric generator and refrigerator, wich is fueled and controlled by an
electric fluid. Therefore, this study gives an approch and mathematic demonstrations to the concepts of greater relevance about the
thermoelectric device and the effects of greater incidence, responsible for giving advantageous characteristics to the implementation of
Peltier cells as abasic device in a cooling system for smaller applications, maintaining an ecological system, clean and without detrimental
effects to the ozone layer, since thereis no COz emissionsinto the atmosphere.

Keywords: thermoelectric energy; refrigeration; Peltier effect; Peltier cell.

Unarevision alarefrigeracion con energia termoel éctrica basada en
el efecto Peltier

Resumen

En la actualidad la demanda de energia y la contaminacién ambiental conlleva a la conciencia de la evolucion de distintas tecnologias
amigables con el medio ambiente parael desarrollo de energias limpiasy renovables, es por esto que lainvestigacion cientifica nos permite
demostrar el uso de dispositivos basados en estado solido paralaimplementacidn de cambios de temperatura basados a partir de induccion
de éectricidad. Dado lo anterior es considerado un sistema de generacion térmico combinado, € cual consiste en un generador
termoel éctrico y refrigerador, lo cual es amigable con el medio ambiente siendo alimentado y controlado por fluido eléctrico. Por ende, €l
siguiente estudio daun acercamiento y demostraci ones mateméticas al os conceptos de mayor relevanciasobre el dispositivo termoel éctrico
y los efectos de mayor incidencia que son responsables de dar caracteristicas ventajosas a la implementacion de celdas de Peltier como
dispositivo base para un sistema de enfriamiento en aplicaciones en tamafio reducido, manteniendo un sistema ecolégico, limpio y sin
efectos de degradantes a la capa de 0zono por la emision de CO2 en la atmosfera.

Palabras clave: energia termoel éctrica; refrigeracion; efecto Peltier; celda Peltier.

1 Introduction without losing their practical qualities and technical
efficiency. According to OZbolt, Kitanovski, Tu3ek and

Parallel to the rapid global population growth has Poredo$ [1], Hermes and Barbosa [2] and Uchida et al. [3],
increased the need to develop new energy sources whose most refrigeration systems are currently based on gas vapor
characteristics allow them to be environmentally friendly compression refrigerant. One of the biggest concerns
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regarding this type of refrigeration is its direct contribution
to the greenhouse gas effect, however, despite its low cost
and high reliability, steam compression cooling does not
significantly affect global warming compared to other
cooling technologies that work with electricity. On the other
hand, the considerable noise generation of these compressors
can make them unsuitable for certain tasks sensitive to
auditory disturbances.

In the study by Hermes and Barbosa [2] and Boukai et al.
[4] there is a tendency in current research to implement
technology forms with minimal negative impact on the
environment; in our case, the development of alternative
cooling systems, where significant advances in the field of
thermoelectric cooling stand out, and whose approach is to
reduce the thermal resistance between the heat transfer
medium, generally air, and the thermoel ectric material.

In the study by Jakhar, Baheti, Gurjar and Sharma [5],
they define "thermoelectricity" as a derivation of
thermodynamicsincorporated into el ectricity, the best known
phenomenon is the flow of electrons generated by applying
heat at the junction of two different materials, if two wires of
different material (thermocouple circuit) are joined at both
ends, and one of the joints is maintained at a higher
temperature than the other, a voltage difference arises that
causes an electric current to flow between the hot and cold
junctions. The generated current can be increased by using
semiconductors instead of metals, and alow power in watts
can be achieved with efficiency of up to 6%. When a current
is passed through a circuit composed of different materials
whose joints are at the same temperature, the reverse effect
occurs. In this case heat is absorbed from the union, emitting
heat at one end, and cold at the other. The latter is called the
Peltier effect [6].

With the evolution of semiconductors and the
incorporation of thermoelectric devices in the market, Peltier
technology has experienced important advances in recent
years. In the study by Dell, Capozzi, Xia, Venkataraman, &
Campos [7] and Nonoguchi et a. [8], thermoelectric
refrigeration is applied in different areas such as medicine
and in scientific equipment where a high precision
temperature control is necessary; however, there is a
predominance of traditional vapor compression systems in
everyday devices and instruments such as portable
refrigerators and air conditioners for domestic use [9].

Currently, thermoelectric refrigeration is used in
medicine, scientific equipment and other devices where a
high precision temperature control is necessary as denoted in
the study by Dell et al. [7], Nonoguchi et al. [8] and Lan and
Ren [10]; however, its incorporation into more common
elements, such as air conditioners for domestic use, portable
refrigerators, among others, is still strongly hindered by the
predominance of traditional vapor compression systems [9].

It highlights certain characteristics of this type of
refrigeration that place it on conventional refrigeration, such
as its compact size, low weight, absence of removable
mechanical parts, and ease of exchange between hot mode
and cold mode among the most outstanding ones [11]. The
main objective of the present investigation is to explain the
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operation of a thermoelectric system and evaluate its
applicability from a general determination and comparison
with respect to other cooling methods.

The object of this study was a scientometric review of the
Peltier effect in literature by projecting it into an application
in residential refrigeration systems. Motivated by the
practical interest in the generation of alternative energy, this
study addresses the characterization of a Peltier cell theme.
This study is organized in 5 chapters as follows: the
scientometric analysis, the thermoelectric fundamentals, the
thermal driving, the methodology and the conclusions.

2. Scientometric analysis

Albeit the systematic revision techniques of literature-
RS come from the health performed researches [12-14].
There is a growing trend in the implementation of these
techniques in the different ambits of knowledge, like
engineering [15]. This study has taken [16] as a reference,
where there is a RSL methodology, implemented from the
correlation of two ambits (health and engineering). Three
phases were proposed in this study: 1) definition of search
parameters, 2) Information identification and filtering
starting from the specialized data sources, and 3) results
submission and analysis. In [16] the data submission was set
in two categories (scientometric and technical). However,
this proposal focused solely in the analysis of variables from
the scientometric approach.

For the phase of search parameters definition, the
following hypothesis was proposed: “Peltier effect is a
research field that is moving forward more and more, because
its implementation in refrigeration systems with
thermoelectric energy generates low CO2 emissions,
producing a positive environmental incidence.” Key words
were identified from this hypothesis. For the identification
and filtering phase, a search string was set starting from the
key words (“thermoelectric energy” and “Peltier effect” and
not “Seebeck effect” and not “Joule effect”), said string was
used in the specialized database Science Direct, and articles,
proceedings, and books were downloaded that fit the search
criteria. With the collected information from the different
sources, adataacquisition matrix was made, that documented
different scientometric variables (year of publication,
journal, document typology, quartile of the journal, country
of publication of the journal, among others). Finaly, the
results were submitted in a consolidated manner, with
graphics, and its analysis contributed to the proposal of
results.

The measurement of the degree of scientific development
lies in the quality and quantity of publications made on the
subject in question, by making a scientific analysisin one of
the most recognized databases worldwide as it is Science
Direct [17], we can find the results shown in Fig. 1.

These publications could be made in 3 different formats,
they are scientific articles, books and reference works, then a
participation cake is shown that shows what the trend is in
the type of format in which thisissue is being published.
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Figure 1. Scientific worksin Science Direct with regard to the Peltier effect.
Source: The authors.
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Figure 2. Science worksin Science Direct with regard to the Peltier effect.
Source: The authors

When analyzing the articles on the Peltier effect and its
use in refrigeration as a thermoelectric generator, we found
about 2600, these were published before 1998 to the present,
as we can see Fig. 2 that shows this detail below.

The year 2017 has a high publication trend, it is the year
with the highest number of publications with 247 of these,
followed by 2015 with 200 and 2016 with 194.

3. Thermoelectric fundamentals

According to Yilbas and Sahin [18], thermoelectric
energy generation is operated by a combination of other
physical phenomena found in the effective operation of a
Peltier cell thermoelectric system, as mentioned by Lineykin
and Ben-Y aakov [19], however this research is limited to the
mention of three of them as presented below:

3.1. Joule effect

In the study by Julio-Betancourt and Hooton [20], it is
defined as the interaction between an electrical phenomenon
and the conduction of electric current where a term
phenomenon associated with the heating of a conductor
through which current flowsisassociated. Matter offers some
resistance to the movement of electrons, which give kinetic
energy to the environment in successive collisions. This
energy provided by the electrons dissipates in the form of
hesat (eg. 1).

0=k (1)

11

i
of the Seebeck effect.

Figure 3. Scheme
Source: Kehlberger et al. [21].

Where: Q is the heat energy produced by the current, | is
the current intensity that circulates, R is the electrical
resistance of the conductor and t is the time.

3.2 Seebeck effect

Thomas J. Seebeck discovered that in acircuit formed by
two homogeneous different metals, A and B, with two unions
at different temperatures, T and T + AT, an electric current
flow J is established, or, if the circuit is a thermal
electromotive force (ftem) EAB that depends on the metals
used in the joint and the temperature difference between the
two joints. The diagram of the mentioned configurations is
shown inthe Fig. 3.

The relation between the item, Eas, and the temperature
difference between the joints AT, defines the Seebeck
coefficient in eq. (2)-(3).

_ G.E:A
T oa

@)

it

&0 =a —a (©)]
Where: oA and oB are respectively the absolute
thermoel ectric powers of A and B and are characteristics of
each metal.
In general, 0AB is not constant, but depends on the

temperature T [21].
3.3 Peltier effect

The Peltier effect consists of the cooling or heating of a
connection between two different conductors when an
electric current passes through them and which depends
exclusively on the composition and temperature of the joint.
Fig. 4 shows the scheme of the circuit [6].

The heat power exchanged at the junction between A and
Bisgiven by eq. (4)-(5).

€= (4)

G=1 (Peltier) ©)

Where: TAB is the Peltier coefficient, which is defined as
the heat exchanged in the junction per unit of timeand current
flowing through it, J is the electric current flow, AT the
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absolute temperature difference between AB and aAB the
Seebeck coefficient.

Therefore, when connecting the manufactured cell to a
DC power supply, the absorbed power corresponds to one
term by the Joule effect and another due by the Peltier effect
(eg. 5). From eqg. (6)-(7) the absorbed power is determined
and presented in eg. (8).

G =1k (6)
G=h =L @
Fo = FR+L ®

Where: Per isthe power supplied by the source.

Internally, the Peltier cell has highly contaminated
semiconductor elements and is electrically arranged in series
using copper conductors. To insulate the copper conductors
from the dissipater, a ceramic plate that functions as an
insulator is added between them (Fig. 5).

A polarization asshownin Fig. 6 isdistributed along each
semiconductor element of the cell, that is, each
semiconductor element has a potential difference
proportional to the input polarization. For this reason, the
majority carriers, weakly bound electrons, migrate towards
the positive side of each of their endsin the N-type

Te Material A It
i =S il
e B2 Matsrial E Matarial B =3 '

;iﬂf
Figure 4. Schematic of the Peltier effect.
Source: Herranz Pindado [22].
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Figure 5. Peltier cell cross section showing semiconductor and temperature
dissipating elements.
Source: Sandoval et al. [23]
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Figure 6. Compression and rarefaction of charge carriers near the
semiconductor metal junction in a Peltier cell.

Source: Sandoval et al. [23].

semiconductor elements, due to the attraction of charges of
different sign. While the majority carriers, holes of the
semiconductor elements P, migrate toward the negative
terminal that is at each of itsends. This absence of chargesin
each semiconductor element near the metal-semiconductor
junction causes a rarefying of charges and the consequent
temperature drop in the surrounding area. On the other hand,
the compression or accumulation of carriers near the
semiconductor metal junction in the lower part of the
semiconductor elements in Fig. 3 causes a rise in
temperature. This behavior alows us to affirm that, if we
invert the polarity of the power supply, the cold face will now
warm up and the hot face will suffer adrop in temperature.

4. Thermal driving

Finally, thereisan internal work that is due to the thermal
conduction determined by the Fourier law. It establishes that
the heat transfer rate per conduction in a given direction is
proportional to the normal area of the heat flow direction and
to the temperature gradient in that direction. As it is an
internal work thisterm does not have to be taken into account
ineg. (9). Therefore, the heat that flows from the hottest focus
to the cold per unit time for each element is:

G=— (©)

(10)

Where: k; is the coefficient of thermal conductivity of
each element per unit length through section unit, A is the
section normal to the direction of flow, | the length of each
element and AT the temperature difference in the ends of the
element, n is the number of elements that make up the cell
[24].

Finally, the thermal conductivity of the cell is defined as
the sum of the contributions of each element (eq. 10).

5. Methodology

The Seebeck and Peltier effects are qualitatively different
and were discovered separately. However, today they are
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understood as two aspects of the same phenomenon and
receive a unified theoretical treatment. As is well known,
when in a thermodynamic system there is simultaneously a
thermal flux (associated with a temperature difference AT)
and an electric charge flux (associated with an electromotive
force Ag, there will be an entropy production, which in the
linear approximation will be written as eg. (11):

fern _ Ly 4y ?_i\l
{;J_(_Lj Ly )* Ae (11)
T

matrix of phenomenological coefficients

Where: Jo isthe heat flow, | isthe electrical current (load
flow) and T is the average temperature of the system.

When these two independent contributions to entropy are
given, there must be a linear relationship between the flows
and the different forces. Moreover, the heat flow will be
coupled with the charge flow in such a way that:

Solving the coefficient matrix we have left (eq. 12-13):

AT A&
—+i —

Lo (12)

s =14

At Ae
b=ly bl o

(13
Consider a system that obeys the previous coupled
equations. When the electrical intensity tends to zero, but
there is a temperature difference, from the second of the
equations it is concluded that an electromotive force will

appear, given by eq. (14)-(15):

Ly | .
Ax = ——AT1 = —uAld
Ly

(14

Az = —uAl (15)

According to Xu, Gan and Zhang [25], this phenomenon
is called the Seebeck effect, where the coefficient o measures
the intensity of the effect and is called the thermoelectric
power of the material (Seebeck coefficient). Now, if acurrent
circulates through a system with thermoel ectric capacity, due
to the coupling of flows, atemperature difference will appear,
it isthe opposite effect to the previous one, the Peltier effect.

When the current appears, the temperature difference
increases, until a steady state is reached, where the total heat
flow in the system becomes zero. Substituting that condition
in the previous equations is a linear relationship between the
temperature difference applied, this makes the intensity that
runs through the system as given by eg. (16)-(17):

.I"'

Ly * L
L.ﬂ_j‘]_l 1

Al = x| (16)

At =fixd (17)
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Where: B * | isthe Peltier coefficient associated with the
system [26], L1, L12 and Ly, are called kinetic coefficients
and are properties of the medium such as electrica
conductivity, thermal conductivity, etc.

Applying the above according to Block and Walker [27]
and in the absence of a magnetic field, the Onsager theory
indicatesthat L1o>= L.

5.1. Peltier'scell and itsgeneral equations

A typical thermoel ectric module consists of two thin coats
of ceramic material containing an array of N and P type
blocks of doped semiconductor material (e.g., bismuth-
telluride), as shown in Fig. 7. Excess of electrons whereas
type P blocks have shortage of electrons. A pair of blocks N
and P form a thermoelectric pair, and in turn, thousands of
these pairs are contained by a thermoel ectric module.

When the electrons move from P to N through an
electrical conductor, they jump to astate of higher energy and
absorb the energy from their surroundings (cold side). The
opposite happens when they move from N to P, where the fall
to a lower energy state causes a release of energy to the
surroundings (hot side). By reversing the polarity of the
current, the direction of heat transfer changes [28].

There are several effects that occur within a Peltier cell,
being able to enunciate the Peltier, Thomson and Joule
effects, as denoted in the study by Patterson [30] and Chen,
Y an and Wu [31]. In agiven temperature range, the heat flow
produced by the circulation of the electric current with
variation of temperature, that is, the Thomson effect, can be
neglected. Taking into account the above, when applying a
potential difference on the cell, a heat transfer per unit time
on the hot face will be produced equal to eqg. (18):

LA (18)

=l
Where: Tc isthe temperature of the hot side.
For the same purpose, the heat absorption per unit time
on the cold side will be given by eq. (19):

LA (29

= ilgl
Where: Te the temperature of the cold side.
On the other hand, if the losses per unit of time due to
Joule effect are considered, which are distributed half for
each side, these will be expressed by eq. (20):

1.
Gy =5k (20)

Where: Risthe electrical resistance of the Peltier cell.

The temperature difference between both sides will
produce athermal conduction effect between the hot side and
the cold side, quantifiable as eq. (21):

Ty — iy
Ky

L (21)
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Figure 7. Internal structure of a Peltier cell.
Source: Meca Mecaand Jménez Calvo [29].

Where: Rry represents the thermal resistance between the
hot side and the cold side.

The net calorific flow absorbed by the cold side will be
given by eqg. (22)-(23):

. =Up _Eﬂl,l — e (22)
- 1., 1e—T¢
Q) —uJ’,.}—E} K i, (23)

While the heat given and that must be dissipated through
the hot side will be equal to eg. (24)-(25):
G =0 +04,— G (24)

T—1,
Hy

1.
G = wipd +E|"H - (25)

Applying the first principle of thermodynamics, it will be
found that the power supplied will be the difference between
the heat fluxes of dissipation and absorption, as given by eqg.
(26)-(27):

b= G — Gr (26)

Bo=uCly — 1) + K=ol + 7K (27)
What is equivalent to the electrical power needed to drive
the device (Power = Intensity x Voltage). The supplied power
is then converted into two heat sources; the thermoelectric
heat flow, proportional to the electrical intensity, and the heat
generation by Joule effect, proportional to the square of the
intensity. According to Mannella, La Carrubba and Brucato
[32] for refrigeration operations, the heat injected to the hot
side must be dissipated by a sump. Not being so, the
temperature of the hot side will increase and, consequently,
the cooling performance will be reduced. This fact is
illustrated in eq. (27), at a fixed electrical power, the
temperature difference is constant; By increasing the
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temperature of the hot side, the temperature of the cold side
will become higher.

5.2 Theefficiency of thermal energy

The thermal energy efficiency of athermoelectric device
can berelated to the so-called dimensional figure of merit ZT,
which is directly proportional to the electrical conductivity
and the Seebeck coefficient of the materids in the
thermoelectric pair and inversely proportional to the thermal
conductivity [2]. It isgiven by the eq. (28):

2 =u'ag /K (28)

Where: ¢ is the electrical conductivity and K is the
thermal conductivity.

These three transport parameters depend on each other as
a function of carrier concentration, and band structure,
among others; asillustrated in Fig. 8.

According to Fig. 8, a and o generally vary in areciprocal
way making any improvement in the merit figure ZT difficult.
In addition, the electrical conductivity and the Seebeck
coefficient are inversely related, so, generaly, it is not
possible to increase the thermoelectric power above a
particular optimal value for bulk material. However, ideal
thermoelectric materials would have a high electrica
conductivity to allow the conductivity of electricity, which
would create a potential difference across the sample, and a
low thermal conductivity to maintain the temperature
gradient between the hot and cold sides.

Most materials exhibit a correlation between electrical
and thermal conductivity. A material that conducts electricity
well, such as metal, also conducts heat well, and a material
that functions as athermal insulator, such as glassor ceramic,
also functions as an electrical insulator [8]. The history of
thermoel ectric plants can be characterized by the progressin
increasing the ZT, as shown in Fig. 9.

2T

1
10

10

L2 Thrcancentrylan |6m7)
Figure8. Maximize ZT involvesthermal conductivity and the Seebeck effect
with electrical conductivity.
Source: Elsheikh et al. [33].
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Source: Elsheikh et a. [33]

In Table 1 different materials with high ZT values can be
observed. Currently, the best thermoelectric materials have
ZT values around 1.0 [11].

Table 1.
Collection of values for ZT merit in thermoel ectric materials.
Material Type zT Temperature
value (K)
Bi-doped N 3.00 550
I[I
NG
Fouslouy Cady N 143 800
Skutterudite
Foyzgd g st P 0.95 670
(Bua s )T 4 P 127 298
B y(T uu S up s N 125 298
Kyy F oy s ,T N 1.60 750
"d lll‘s T L&an N 2.20 800

Source: Zhao and Tan [11]

5.3 Comparative thermodynamic study of the Peltier effect
with other cooling technologies

In the study by Ozbolt et al. [1] and Snyder and Ursell
[34] it is defined the CR (performance coefficient) of areal
cooling system ¢s, asthe radius between cooling capacity and
energy consumption (eq. 29):

G
== 29
8= (29)

Where: Qr = K(TeTi) in steady state.

For an idea refrigerator, CR depends solely on the
temperatures of the external environment, T and internal, T
as indicated in Fig. 4, being calculated as indicated by eq.
(30):

(30)

If we assume that the cooling device operates ideally
between the hot end and the cold, Tc and T, respectively, as
shown in Fig. 10, the CR, considering the thermal |osses due
to external irreversibilities (e.g. heat transfer with finite
temperature difference in the heat exchanger), is calculated
asfollows (eqg. 31):
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iy 1, — Al
Tt =g 0, =0+ AT+ A

£j

(D)

where g is the CR of an ideal cooling device operating
with real heat exchangers, where "ii" means "internally
ideal”.

The second law of efficiency associated with internal
irreversibilitiesis calculated from eg. (32):

(32)

Analogously for external irreversibilities (eq. 33):

£
e = . (33)

Therefore, the second law of total efficiency for the entire

refrigeration system is given by eq. (34):
fia = Tilie (34)

Additionally, the entropy generation rate due to

thermodynamic losses in the refrigerating device can be

caculated by means of the following entropy balance

considering the temperatures of the extremes (eg. 35):

(1 1

W
n7)

S_r. = lI._ + "—;I-
L

(35)
Where: Sy isthe entropy generation rate (W/K).
The entropy generation number, Nsis calculated with the
following expression (eq. 36):

1r% (36)
Gr

Based on eg. (29), (35)-(36) it can be shown that the CR
of arefrigerator system is as follows (eg. 37):

W,

B 1, — Al
T, =1+ AT+ A+ I,

£ 37)

In the above equation, the term TcNs is an equivalent
temperature difference that takes into account the
irreversibilities that take place in the refrigerator.

We should note that €s - €ii, Ns— 0 and &s— ¢ and both,
AT and ATc tend to zero. According to the above it can be
inferred that the temperature differences in the hot and cold
ends of a refrigerator and the internal limit of the entropy
generation rate, cause a deviation between €5 and its ideal
counterpart, €. thus reducing the efficiency of the system.

Based on the previous comparison methodology, the
thermodynamics of three types of portable refrigerators were
compared: Peltier, Stirling and Steam Compression. Fig. 11
compares three CR: the real, the ideal internal and the ideal
for the four cooling systems under analysis, for temperatures
of 21 and 32 °C. It is observed that, for an ambient
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Figure 10. Thermodynamic representation of arefrigeration system. G &
Source: Hermes and Barbosa [2] E
5 =
E;, 4n
temperature of 21 °C, the thermoelectric cooler showed the D
lowest CR. At 32 °C, the bars shrink slightly for all systems E un
except for the thermoelectric system, that is, the influence of g i J 1 ~
the ambient temperature on the CR was not significant, since g I
the temperatures of both extremes, cold and hot, varied F oo - infeen Chara
dramatically. Figure 11. CR: (a) 21 °C, (b) 32°C
In addition, we should note that the ideal CR of the Source: Hermesand Barbosa[2]
thermoelectric cooler was approximately double than that of
the other systems because it generates the smallest
temperature difference between the hot and cold -
surroundings. (a) e Vot
However, since the cooling capacity of the thermoelectric —— .
system was the lowest per input power unit, its total B 12 e
thermodynamic efficiency was the lowest, which can be seen S
in Fig. 12. This value means that the internal irreversibilities E 0
in the thermoelectric module can be very high. In fact, this, E g
combined with the comparatively high value of itsinternally k]
ideal CR, confirms the need to improve the thermoelectric E 1 i
properties of the thermoelectric cooler. =§ 4 =
It can also be inferred according to Hermes and Barbosa S,
[2] and analyzing the behaviors shown in Fig. 12, that the -
external efficiencies of direct expansion refrigeration (ol ibamsabpidiad —Et i

systems (vapor compression) are higher than those cal culated
for cooling systems by Indirect expansion (thermoelectric .

and Stirling), suggesting that the increase in the i ik
performance of emerging refrigeration technologiesis based, = Fincip, comprassos
among other things, on the design of more efficient heat e
exchangers.

It can also be inferred according to Hermes and Barbosa
[2] and analyzing the behaviors shown in Fig. 12, that the
external efficiencies of direct expansion refrigeration
systems (vapor compression) are higher than those cal culated
for cooling systems by Indirect expansion (thermoelectric
and Stirling), suggesting that the increase in the performance 2
of emerging refrigeration technologies is based, among other Il _ :
things, on the design of more efficient heat exchangers. A Yy Actud

Figure 12. Thermodynamic efficiency (second law): (a) 21 °C, (b) 32°C
Source: Hermes and Barbosa [2]

—
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6 Conclusions

The use of the Peltier effect as an alternative method of
refrigeration does not seem to be able to displace, in the near
future, the dominance of other traditional refrigeration media
such as vapor compression. Taking into account the
thermodynamic performance, thermoelectric devices are not
at the same level as other refrigerators, so significant
improvements are required that attack or reduce external and
internal irreversibilities. However, its applications in
everyday life are increasing as interest grows in the adoption
of cleaner and quieter technologies, which is why we expect
new research bursts around the theme, that seek to optimize
the qualities of this technology, which, although it is old, it
provides a series of characteristics that are usable and
highlight it on the most known methods, which stand out, its
ecological character, silent and more precisein the control of
the temperature. The inclusion of thermoelectric technology
is favored by the growing importance of computers in
modern society, in which the use of thermoel ectric plants has
been implemented to prevent overheating.

It is necessary to increase the figure of merit ZT of the
thermoelectrics and the ratio of the heat exchangers with the
Peltier effect. It should be noted that an outdated technology
with such low efficiency and performance, becomes
important in an era full of chalenges and difficulties,
however, the environmental problems and technological
boom are directing us towards the preference of technology
as provided by the devicesthat work by Peltier effect, solving
new needs that perhaps the most traditional cooling methods
cannot respond to.
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