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Abstract
This paper focuses on designing thermoelectric cooler via numerical method. Thermoelectric module in this study was
made from (1) both side Sb2Te3. (2) Both side Bi2Te3. (3) p-side Sb2Te3 and n-side Bi2Te3. The couple field equations
were formulated in to system of algebraic by means of finite element method. Bi-Te and Sb-Te thermoelectric modules
were considered for analyzing their performance. The current and temperature differences between the hot side and
cold side were varied to study the characteristics of the thermoelectric module to analyze the maximum heat absorbed
and maximum COP within the differential temperature. The numerical simulation is carried out by using finite element
package ANSYS V13.
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Nomenclature

C heat capacity (J/Kg K)
E electrical field (V/m)
I
current (A)
current density (A/m2)
J
K thermal conductivity (W/cm K)
N element shape function
Q heat flux (W/m2)
Q internal heat generation (W)
T times (S)
T temperature (K)
Z figure of merit
QC heat absorbed at cold side (W)
COP coefficient of performance

Greek symbols
Σ
Α
Ε
Ρ
П

electrical resistivity(S/m)
see beck coefficient (V/K)
electric permittivity (F/m)
density (Kg/Cm3)
Peltier coefficient (J/V)

* Author for correspondence

1. Introduction

Thermoelectric systems have been the subject of
major advances in recent years, mainly due to develop
the semiconductor material and the incorporation
thermoelectric devices into domestic appliances. The
thermoelectric coolers are solid state heat pumps, which
remove heat from one side to dissipate the heat another
side. This process is general, governed by reversible and
irreversible thermal to electrical energy transformations.
The main reversible effect is the peltier effect. The peltier
effect determines the cooling potential of the device,
whereas the reversible Joule heating and Fourier effect
degrade the overall cooling performance1.
No moving parts of the thermoelectric system. Its
maximum life approximately is 105 hrs of operation at
100ºC and longer life at the lowest temperatures2. Some
of the advantages of thermoelectric refrigeration system
are precise temperature control, the ability to lower to
the temperature below the ambient, controlled heat
transport by current input and ability to be operative at
any orientation. Their compact size makes them useful
for applications where size or weight is a constraint,
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the ability to alternate between heating and cooling is
important and an excellent cooling alternative to vapor
compression cooler is needed for systems that are
sensitive to mechanical vibration. The electronic, medical,
aerospace and telecommunications industries are other
important areas for thermoelectric cooling applications3,4.
The thermoelectric cooler are based on the peltier
effect; when a voltage or DC current is applied to dissimilar
materials, a circuit can be created that allows continuous
heat transport between the conductors junctions. The see
beck effect is the peltier effect5.
The current is transport through the charge carriers
(in the direction opposite to the hole flow or in that of
electron flow). Heat transfer through the depending upon
direction of the current. The efficiency of a thermoelectric
material6 is given by the figure of merit,
				
a 2s
(1)
Z=

K

The see beck coefficient (α), is given by Equation 2.
E 				
a=
(2)
dT / dX
Thermoelectric cooler material low electrical
resistivity and thermal conductivity are required for
a high figure of merit. These values are temperature
dependent. Therefore, the figure of merit depends on the
temperature. P and N type thermoelectric materials have
different figures of merit and are averaged to determine

the materials overall quality6.
The present work a one dimensional steady state
thermoelectric cooling problem, with a single par
thermoelectric module was considered or the analyses as
shown in Figure 1. The thermoelectric material properties
vary with absolute temperature. Heat is absorbed in the
cooling surface maintained at temperature Tc and heat is
rejected by heated surface, maintained at temperature Th.
Bismuth Tellurium (Bi-Te) and Antimony Tellurium (SbTe) with across sectional area 0.5×0.5mm2 and length of
0.105mm were considered as solid thermoelectric P and N
semiconductor materials. In this project main objectives
analysis of (1) to determine the maximum cooling
power, maximum COP and maximum performance
of parameters, (2) develop a computational model that
simulates the thermoelectric refrigeration materials, (3)
varying the operating parameters current and differential
temperature and (4) compare the performance of the BiTe and Sb-Te thermoelectric module.

2. Computational Details
The equations to be describing the behavior of a
thermoelectric material are governed by the couple
equations of heat transfer and the continuity of current
density phenomena, which are given by Equation 4. And

¶T
				(3)
rc

¶t

+ Ñ.q = Q

Figure 1. Single couple thermoelectric module.
2
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Ñ.(e¶¶tE ) + Ñ. J = Q

				(4)

The electrical current density is generated by the
coupling of the irreversible Joule effect and the reversible
see beck effect, as shown in Equation 5.
J = s E - saÑT 				(5)
The heat flux q is generated by the reversible Peltier
and irreversible Fourier effect, as shown in Equation 6.
q = p J - K ÑT 				(6)
The electrical field E is derived from the electric scalar
potential q as shown in Equation 7.
				(7)
E = -ÑÆ
Finite element equations are transformed from the two
coupled governing Equations 3 and 4 by approximating
the primitive unknowns, temperature T and electrical ϕ,
into interpolation functions, and the value of the nodal
known on an element as shown in Equations 8 and 9.
T=[N]{Te}					(8)
ф=[N]{фe }					(9)
Where ϕe the vector of nodal electrical potential is, Te
is the vector of nodal temperature, and N is the element
shape function. After the manipulations based on the
galerkin weighting scheme5, the differential equations
(from Equations 7 to 9) become algebraic finite element
equations as shown in Equation 10.
		
éCT 0 ù ìïï ¶¶Tt üïï é K T 0 ù ïìï Te ïüï ìïïQüïï
ê
ú
ú
(10)
+ê
=
êë 0 CE úû íï ¶Æ ýï êë K ET K E úû ïîíïÆe ïþýï îïíï 1 þïýï
îï ¶T þï
2

2

The global matrix equation is ordered from the

individual finite element equations. The solution yields
temperature, Te and, ϕe at unconstrained nodes or
reactions in the form of the electric current and at nodes
with the imposed electric potential and temperature
respectively1.
The thermoelectric module is made of (1. both side
Bi2Te3, and 2. Sb2Te3 Then 3. n-side Sb2Te3 and p –side
i2Te3 ) for n- and p-type leg, respectively. The module is
created by connect n-and p-cells with thin copper plates
on the top and bottom sides of its structure to establish
the electrical contact between the cells, copper plate are
served as substrate and supporting floor2. The n-and p-leg
was similar dimension of 4×4×0.15mm3. The height of
n-and p-leg are 4mm. The copper plate size.
Table 1. Material properties
Material
properties
Density (kg/ m3)
Sp. Heat Capacity
(J/kg-K)
Thermal Conductivity (W/m-K)
Electrical Resistivity (Ωm)
see back coefficient
(µV/K)

Bi2Te3

Sb2Te3

Al

Sic

7700
155

6500
210

2700
900

3210
750

1

1

240

120

1x10-5

1x10-5

5x10-9

1x10-4

-230

180

3.5

-1

3. Results and Discussion
Numerical simulation is carried out by using a finite
element package ANSYS. The following steps are used
to carry out the thermoelectric system analysis: set first

Figure 2. (a) Computational mesh for Bi-Te module.
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Figure 2. (b) Temperature distribution of Bi-Te module.

Figure 2. (c) Voltage distribution Bi-Te module.

start the work bench preferences, define the element
type and add copper alloy to engineering data, define
element coordinate system, set the real constants and
material properties, create the geometry, set the current,
voltage, hot and cold side temperature. The software
includes three elements which are used in modeling the
thermoelectricity phenomenon3–5.
The different physics regions in the model are meshed,
using the finite element method. Obtain the solution,
review the results.
After generating the mesh, the electrical load and
boundary conditions are specified for the model. The
4
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temperature was varied from 293 K to 328 K, between the
cold and hot side of the model. The electrical load of 0.5A
to 4 A was applied on the vertical face of the copper base
across the thermoelectric system. A very low convection
loss of 1e-6 W/ (m K) was applied on all other surfaces,
which ensured the adiabatic heat transfer from the cold
end to the hot end for the thermoelectric model6. The
simulation outputs from the model are temperature, heat
flow and voltage distribution.
For the Bi-Te and Sb-Te thermoelectric couples, the
computationally generated mesh, temperature and voltage.
Distributions are shown in Figures 2, 3 and 4 respectively.
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Figure 3. (a) Computational mesh for Sb-Te module.

Figure 3. (b) Temperature distribution of Sb-Te module.

Figure 3. (c) Voltage distribution Sb-Te module.
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Figure 4. (a) Computational mesh Bi-Te/Sb-Te module.

Figure 4. (b) Temperature distribution of Bi-Te/Sb-Te module.

Figure 4. (c) Voltage distribution Bi-Te/ Sb-Te module.
6
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The variation of the COP for the thermoelectric
element with current is shown in Figures 5, 6 and
7respectively7–9. It is found that the COP increases till
an optimum current is reached and then decreases with
further increase in the current. A maximum COP of 4.51
and 1.2 were obtained for the Bi-Te and Sb-Te systems at
10 K differential temperature.
The Bi-Te couple has 43.46% higher COP when
compared to the Sb-Te couple under the same operating
conditions. The optimal COP decreases with an increase
in the differential temperature, as shown in Figure 6.
The variation of the optimal current with differential
temperature. The optimal current for the maximum COP
increases with an increase in the differential temperature.
The variation of the optimal heat absorbed with
differential temperature10,11. The amount of heat absorbed
(QC) on the cold side increases up to the optimal
temperature difference and then decreases with an
increase in the differential temperature. A maximum of
0.095 W heat is absorbed at the temperature difference
of 25 K in the Bi-Te system, which is 28.42 % higher
compared to that of the Sb-Te system. The variation of the
optimal voltage with differential temperature is shown in
Figure 9. The voltage drop for the Bi-Te and Sb-Te modules
is 52 mV and 43 mV respectively when operating at 25K
temperature difference and it increases with an increase
in the differential temperature12,13.

4. Conclusion
A study on the behavior of the thermoelectric
refrigeration system was carried out using ANSYS
software. The Governing equations were transformed into
algebraic equations via FEM discretization technique. BiTe and Sb-Te semiconductor materials were considered
for the analysis. The result shows that the COP of the
thermoelectric refrigeration system decreases with an
increase in the temperature difference. The COP of the BiTe system is 13.46 % higher than that of the Sb-Te system,
under the same operating conditions. The optimal current
and voltage increase linearly with an increase in the
differential temperature. The heat absorbed on the cold
side reaches the maximum at an optimal temperature
difference; a maximum of 0.095 W heat was absorbed at
the temperature difference of 25 K in the Bi-Te system,
which is 28.42 % higher compared to that of the Sb-Te
system. It was concluded that even though the Figure
of Merit is higher for Sb-Te in the temperature range
Vol 8 (31) | November 2015 | www.indjst.org

of at room temperature, it shows a lower performance
compared to Bi-Te, when it is operated at ambient
temperature conditions. Hence, Bi-Te is considered as the
better choice for ambient applications, while Sb-Te better
for high temperature applications.
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