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Thermoelectric modules are energy conversion devices which can either convert heat to
electricity or operate in reverse as a heat pump. The physics of thermoelectricity can be
modeled at several levels: quantum mechanical, statistical mechanical and at a
macroscopic level using the transport equations directly. Among the new materials for the
ambient temperature, one finds without being exhaustive the families of materials named
‘Skutterudites’, ‘Clathrates’ or ‘LAST’. According to composition, skutterudites can be of
type ‘p’ or type ‘n’ but it is these which present the highest merit factors. Thus, ZT = 1.7
at T = 850 K was obtained in the Bao,osLa0,05Ybo,04C04Sh12 structure case of the n type,

while ZT = 1,16 at T 800 K in the Bao,15Ybo,2Ino.2C04Sh12 structure case of the p type. The
target of this analysis is to examine the characteristics of a new Bao,osLa0,05Yb0,04C04Sb12
thermoelectric material, by MATLAB simulation.

1. INTRODUCTION

Many studies realized to examine the effect of
thermoelectric  generator (TEG)  thermal  physical
characteristics on its efficiency. Terzioglu [1] analyzed the
impact of the material on the performance of a TEG. The
author used the approach of Taguchi to evaluate the TEG
performance as a function of the material type. Cui et al. [2]
reported a study of vibration with an analysis of strength
failure of a TEG. Fan and Gao [3] numerically simulated the
characteristics of a TEG with a segmented annular section for
both the conditions, steady and transient. Li et al. [4] reported
a theoretical model for a WCSPTEG. Lin et al. [5] addressed
a novel configuration of TEG/TEC systems. Lv et al. [6]
mathematically reported a model in order to enhance TEG
efficiency. Merienne et al. [7] experimentally presented an
analysis of the performance of generation of power of TEGs
under the impact of heating rate. Ostrufka et al. [§]
experimentally evaluated TEGs in nano-satellites. Shittu et al.
[9] highlighted the characteristics of a SATEG using an
analysis of finite elements. Wang et al. [10] used an
analytical model to model the temperature and the
performance of TEGs. Zhang et al. [11] addressed the impact
of Thomson on the performance of a TEG using the approach
of finite elements. Fernandez-Yafiez et al. [12] analyzed the
production of power for TEGs in the case of various contexts.
Marvéo et al. [13] optimized the TEG dimensions employing
various algorithms. Abbasi and Tabar [14] measured and
evaluated the TEG energy in vehicles. They also reported
experimentally a prototype to validate their theoretical model.
Abdo et al. [15] presented a novel type of PV/STEG hybrid
system. This hybrid configuration has integrated by a MCHS.
Angeline et al. [16] applied the ANN in order to simulate the
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efficiency of a HTEG by MATLAB. Asaadi et al. [17]
numerically simulated the impact of wvarious structural
parameters on the thermodynamic characteristics of a two-
stage ATEG. They also analyzed the exergoeconomic
performance of this generator. Big-Alabo [18] experimentally
evaluated the performance of a TEG using the Ge/SiGe
structure. Bittner et al. [19] used materials of high
performance to characterize the TEGs. Champier [20]
reported a review study on the various applications of TEGs.
Chen et al. [21] simulated the characteristics of TEGs in the
cases of four various material structures. Choi et al. [22]
experimentally analyzed the performance of porous media
TEGs. Fan and Gao [23] reported a 3D numerical model of
finite elements for ATE devices in order to improve their
structural parameters. Karana and Sahoo [24] verified the
impact of parameter of geometry on the characteristics of a
novel ASTEG. Khanmohammadi and Saadat-Targhi [25]
examined the impact of TEGMs station, inside a cycle of
production of LNG, on the thermodynamic criteria and on the
economic assessment. Other analyses can be found in
previous studies [26-36]. Thermoelectric modules are energy
conversion devices which can either convert heat to
electricity or operate in reverse as a heat pump. The physics
of thermoelectricity can be modeled at several levels:
guantum mechanical, statistical mechanical and at a
macroscopic level using the transport equations directly.
Among the new materials for the ambient temperature, one
finds without being exhaustive the families of materials
named ‘Skutterudites’, ‘Clathrates’ or ‘LAST’. According to
composition, skutterudites can be of type ‘p’ or type ‘n’ but it
is these which present the highest merit factors. Thus, ZT =
17 a T = 850 K was obtained in the
Bao,0sL-a0,05Ybo,04C04Sh1, structure case of the n type, while
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ZT =1,16 at T 800 K in the Bao,15Ybo,21n02C04Sh;, structure
case of the p type. The target of this analysis is to examine
the characteristics of a new Bao,oslao,05Ybo,04C04Shio
thermoelectric material, by MATLAB simulation.

2. GOVERNING PARAMETERS

Seebeck Effect, S

V =(S,—Sg)x(T, =T,) =S, xAT (1)

Peltier Effect, n
dQ, = (I, ~T1 T @)

Kelvin relations
I1=ST A3)

Figure of merit, ZT
77 -8 (5)
A

3. RESULTS AND DISCUSSION

Figure 1 addresses the variation in the voltage (V), as a
function of gradient of temperature. As expected, the average
value of negative charge energy of electrons is very large at
the level of the hot space compared to that on the cold space,
due to the metal undergoes a thermal gradient, which leads to
a gradient of energy, allowing the diffusion of electrons on
the cold surface.
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Figure 1. V values as a function of gradient of temperature

This diffusion leads to the polarization of the material
(accumulation of negative majority carriers on the cold side
and positive majority positive carriers on the warm side)
which induces an electric field whose effect is to help the
cold electrons to diffuse towards the hot side. Is what is
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causing the potential difference that appears on the
thermoelectric generator.

Figure 2 reports the evolution of variation of current (I) as
a function of gradient of temperature. If a current is passed
through a circuit with two different conductors joining them
at the same temperature, the thermal energy will be absorbed
at the first junction, while it will be restored to the second.
Let us now consider a and b as respectively n-type and p-type
semiconductors.
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Figure 2. I values as a function of gradient of temperature

The junction who absorbs heat is then that in which the 1
flows from the first material in the type (n) to the second
material in the type (p) is junction at T. Conversely, one that
restores it is the junction in which the current flows from the
material of the type p to the material of the type n, i.c., the
junction with the temperature T. Thus, we have T > T.

Figure 3 presents the distribution of the power (W) for
different gradients of temperature (T). A TEG is a small
module formed of two ceramic plates. It has appeared to us
that the thermal flux inside such a TE module is the factor
responsible for the production of electricity. That is, there
must be heat transfer between the two ceramic plates.
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Figure 3. W values as a function of gradient of temperature

For case where one of them is of temperature higher than
the second one there is thermal transfer, that is to say that the
hottest body will supply energy to the coldest body, until
reaching the thermal equilibrium.



Figure 4 shows the effect of gradient of temperature on the
ZT value. The value of ZT defines whether the material has
good thermoelectric properties or not.

18

16

14

12

1

08

Merit factor

0 10 20 20 40 50

Temperature gradient
Figure 4. ZT values as a function of gradient of temperature

As is known, the best TE material has a high ZT value,
better S value, improved current conductivity with week A
value. Best TEMs have ZT slightly greater than 1.7.

4. CONCLUSION

The target of this analysis is to examine the characteristics
of a new Ba0,08La0,05Yb0,04C04Sh12 thermoelectric
material (TEM), by MATLAB simulation. The findings of
this research may serve as

As expected, the average value of negative charge energy
of electrons is very large at the level of the hot space
compared to that on the cold space, due to the metal
undergoes a thermal gradient, which leads to a gradient of
energy, allowing the diffusion of electrons on the cold
surface.

This diffusion leads to the polarization of the material
(accumulation of negative majority carriers on the cold side
and positive majority positive carriers on the warm side)
which induces an electric field whose effect is to help the
cold electrons to diffuse towards the hot side. Is what is
causing the potential difference that appears on the
thermoelectric generator.

If a current is passed through a circuit with two different
conductors joining them at the same temperature, the thermal
energy will be absorbed at the first junction, while it will be
restored to the second. Let us now consider a and b as
respectively n-type and p-type semiconductors.

The junction who absorbs heat is then that in which the I
flows from the first material in the type (n) to the second
material in the type (p) is junction at T. Conversely, one that
restores it is the junction in which the current flows from the
material of the type p to the material of the type n, i.e., the
junction with the temperature T. Thus, we have T > T.

A TEG is a small module formed of two ceramic plates. It
has appeared to us that the thermal flux inside such a TE
module is the factor responsible for the production of
electricity. That is, there must be heat transfer between the
two ceramic plates.

For case where one of them is of temperature higher than
the second one there is thermal transfer, that is to say that the
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hottest body will supply energy to the coldest body, until
reaching the thermal equilibrium.

As is known, the best TE material has a high ZT value,
better S value, improved current conductivity with week A
value. Best TEMs have ZT slightly greater than 1.7.
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