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Abstract: In this study, the effect of thermoelectric leg geometry, heat sink and as an innovation, air flow on the performance of Thermoelectric Generators (TEGs) is 
investigated based on Comsol Multiphysics simulations. For this aim, while a temperature of 350 K was applied to one side of the thermoelectric (TE) module, a heat sink 
was added to the other side of the module to increase the temperature difference between the surfaces. The studies on thermoelectric generators in the literature have 
predominantly focused on heat sink geometry, fin structures or materials and module optimization. In this study, contrary to the existing literature, the effect of leg geometry 
on the electricity generation performance of a thermoelectric generator was analyzed in conjunction with various laminar air flow parameters, and the optimal geometry were 
determined. Exposing to the same heat source and keeping total volumes of the thermoelectric legs equal is essential to directly observe the effect of leg geometry on 
electricity generation performance and efficiency. When the results obtained in terms of electricity generation are compared to the rectangular leg structure which is most 
used in TE modules, it is seen that the TEGs with cylindrical, truncated prism, inverse truncated prism, truncated cone and inverse truncated cone legs produce approximately 
9.69%, 14.68%, 16.74%, 12.9% and 19.97% electricity, respectively. When compared in terms of efficiency, it was concluded that the inverse truncated cone was 22.26% 
more successful than the conventional rectangular leg geometry. 
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1 INTRODUCTION 
 

The ever-increasing demand for energy and limited 
resources have led scientists to search for alternative 
energy sources [1, 2]. Thermoelectric modules can be used 
both as thermoelectric coolers (TEC) and as thermoelectric 
generators (TEG) [3-5]. Thermoelectric generators, which 
have many features such as having no moving parts, long 
life and low maintenance costs, are among the prominent 
alternative energy sources [5, 6]. Thanks to these features, 
thermoelectric modules are used in many industrial areas 
such as waste heat electricity generation [7], body heat 
electricity generation [8], health sector [4], aviation and 
space sector [9]. TEGs are solid-state devices operating 
with the Seebeck effect. They can generate electricity by 
creating a temperature difference between the module 
surfaces [5]. However, TEGs are still not at the desired 
level in terms of efficiency. In the literature, it is possible 
to carry out the studies on increasing the efficiency level 
into three categories as TEG system architecture [6], 
thermoelectric (TE) module leg structure and TE module 
material structure [10, 11]. Lamba et al. analysed the 
thermodynamic effect of two different leg structures using 
the Thomson effect [12]. As a result of this study, they 
showed that the trapezoidal leg structure was more 
successful in terms of energy efficiency than the straight 
leg structure [12]. Maduabuchi et al. compared the X-leg 
geometry solar thermoelectric generator with conventional 
rectangular leg structure thermoelectric generator modules 
and showed that the X-leg geometry structure provides a 
higher temperature gradient [13]. Karana et al. created an 
asymmetric and segmented structure for thermoelectric 
legs and the result they obtained was about 5% in terms of 
efficiency compared to the classical structure [14]. Bian et 
al. proposed a design concept of geometry of 3D printing 
TE legs for radioisotope TEG [15]. They investigated 
square, cylinder, helix and spoke leg structures and showed 
that helix and spoke leg structures are more successful than 
other leg structures both experimentally and practically 
[15]. Khalil et al. compared the output power values by 
considering five different TE leg structures. They showed 
that the most successful of the five different leg geometries 

was the classical rectangular leg structure [16]. Doraghi et 
al. analysed three different TE leg structures. These were 
the rectangular, diamond and cone leg structures. They 
concluded that the diamond-cut leg structure was more 
successful than the rectangular leg structure in terms of 
energy generation [17]. Ge et al. used genetic algorithm 
(GA) and particle swarm optimization (PSO) to find the 
optimal leg structure and reported the results for six 
different leg geometries [18]. Aljaghtham investigated 
eight different TE leg geometries and showed that although 
the most successful TE leg structure in terms of energy 
production is the butterfly TE leg structure, the lowest leg 
structure in terms of thermal stress is the classical square 
leg structure [19]. Wang et al. shown that for TE leg 
structures with different geometrical structures, energy 
production gains of up to 9.67% can be achieved by 
reducing the internal resistance and increasing the volume 
[20]. Erturun et al. analysed four different TE leg structures 
using the finite element method and showed the effects of 
the TE leg structure on thermoelectric power generation 
through experimental and simulations [21]. Rjafallah et al. 
considered six different geometries of TE legs and 
investigated a total of twelve different TE leg geometries 
by creating a hole inside these legs and showed that the 
square hollow structure was the most successful leg 
structure [22]. Hasan et al. investigated different geometric 
TE leg structures by varying the length of the legs and 
showed that the most successful leg structure was the 
conical leg structure [23]. Ibeagwu considered five 
different TE leg geometries and showed that the X-leg 
structure is the most power generating leg structure with 
19.12% [24]. 

One of the important features of thermoelectric 
modules is that the waste heat generated during the 
operation of a system can be reused for power generation 
[25]. Kumar et al. investigated the performance of 
thermoelectric generators using three different heat 
dissipation models and showed that the most successful leg 
structure is the rectangular leg [26]. Faisal et al. carried out 
an experimental and simulation study to utilize the waste 
heat from trucks for TEGs [27]. Mohammed A. et al. used 
a TEG panel consisting of 15 × 10 TEG modules to convert 
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waste heat from solar hot water pipes into electricity [28]. 
Li et al. developed a waste heat TEG using 24 TE modules 
and produced 96.6 W of electrical power with a pressure 
drop of 375 Pa at an exhaust gas temperature of 648 K 
compared to previous models [29]. Ziolkowski et al. 
worked on electricity generation with jet engine waste and 
showed that this study will be successful for TE modules 
with a figure of merit (Z) value greater than two [30]. 
Thermoelectric legs are very small elements with a size of 
1.6 × 1.4 mm. These leg structures, which are generally 
rectangular in shape for ease of fabrication, are used as 
both thermoelectric generators and thermoelectric coolers. 
However, with the development of 3D printing technology, 
thermoelectric leg structures of different shapes are being 
produced and used in industry [15, 31]. Thus, studies on 
the manufacturing of conical TE legs, which are more 
successful in terms of electricity generation, have gained 
great importance. 

In this study, the effects of thermoelectric leg 
geometries such as rectangular, cylindrical, truncated 
prism, inverse truncated prism, truncated cone and inverse 
truncated cone, heat sink and air velocity on TEG 
performance were investigated based on Comsol 
Multiphysics simulation by applying a constant 350 K 
temperature to the hot surface. However, unlike other 
studies in the literature, a heat sink was added to the cold 
side of the TE module to compare the performance of the 
studied legs and air was supplied over the heat sink to 
further increase the temperature difference. Under these 
conditions, the effects of six different leg geometries on the 
power generation performance of the TEG and simulation 
results are compared. In order to observe how the leg 
geometry affects the power generation performance, the 
total volume of the thermoelectric legs must be kept equal. 

This study is structured as follows: The methodologies 
of TE leg geometries in the form of rectangular, cylinder, 
truncated prism, inverse truncated prism, truncated cone 
and inverse truncated cone are explained in section 2. 
Simulation results on the electricity generation 
performance of TEG for six different leg geometries are 
given in section 3. Some concluding remarks are discussed 
in the last section. 
 
2 METHODOLOGY 
2.1 Model Desing and Studied Leg Geometries 
 

A thermoelectric generator (TEG) is a device that uses 
the Seebeck effect to directly convert heat into electricity. 
Electricity is generated when a temperature differential is 
applied, as the mobile charge carriers in the TE elements at 
the hot-end move to the cold-end. The hot and cold side of 
the TEG can be changed according to the designer's aim. 
The purpose of this study is to assess and compare TEG's 
performance employing legs with different geometry. 
COMSOL Multiphysics (CMP) was used in all simulations 
for this purpose. Fig. 1 shows a classical TEG with 128      
p-n pairs. 

The six different TEG leg geometries used in this study 
are shown in Fig. 2. In order to obtain fast simulation 
results, the models were simplified, and the study was 
carried out on two legs (p-n). TEGs with two legs that are 
developed using these geometries are shown in Fig. 2 

 
Figure 1 A simple TEG structure 

 

 
Figure 2 Six different TE leg geometries. (a) Rectangular leg, (b) Cylinder leg, 

(c) Truncated prism leg, (d) Inverse truncated prism leg, (e) Truncated cone leg, 
(f) Inverse truncated cone leg 

 
Fig. 3 shows a schematic of the TEG system. Two 

thermoelectric compounds, Sb2Te3-p and Bi2Te3-n, make 
up the TEG system. All elements affecting the performance 
of the TEG have been taken into account in order to obtain 
realistic simulation results. For example, the parameters of 
the 55n-95Pb solder paste are taken into account for heat 
transfer and electrical conductivity between the TE legs 
and the copper plate, while the physical parameters of the 
copper are taken into account to ensure electrical 
conductivity between the semiconductor legs. To optimise 
heat transfer between the heat sink and the module plate, 
the simulation has also taken into account the physical 
properties of a silicone-based thermal grease. The 
properties of the materials numbered (1) - (6) used in the 
thermoelectric module in Fig. 3 are shown in Tab. 1. 
 

 
Figure 3 Detailed demonstration of a simple TEG 

 
Fig. 4 shows the structure used in the simulations for 

the thermoelectric generator. 
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Table 1 TE material properties 
Property Sb2Te3 (1) Bi2Te3 (2) Copper (3) Alumina (4) Thermal grease (5) 5Sn-95Pb (6) 
Relative permittivity 1 1 1 - - 1 
Density / kg/m3 6500 7790 8960 3900 2600 rho_liquid_2(T(1/K)) 

 KHeat capacity / J kg/   154 154 385 900 1200 C(T(1/K)) 

Seebeck coefficient / V/K 200e–6 –220e–6 - - - N/A 
Electrical conductivity / S/m 120000 120000 5.998e7 - - sigma (T(1/K)) 

 Thermal conductivity / W/ m K  1.5 1.5 400 17 3 0.28 

 
Figure 4 Structure of TEG 

 

Fig. 5 shows the hot side, cold side and air flow 
direction of the module. The air flow is used to reduce the 
cold side temperature of the module by entering between 
the heat sink fins and to increase the temperature gradient. 
Also, the direction in which the air enters and exits is 
shown in the Fig. 5. The section where the thermoelectric 
legs are located is considered to be an isolated environment 
with no flow. 
 

Figure 5 Air flow direction in simulation and boundary conditions 

Fig. 6 shows the thermoelectric legs, the isolatearea 
and the air flow applied to the heat sink. Fig. 6a shows the 
air flow direction and applied values and Fig. 6b shows the 
heat distribution where the air flow leaves the heat sink. In 
Fig. 6, 1 m/s was applied to the simulation as air flow 
velocity. However, in the study, a total of 15 air flow values 
from 0.01 m/s to 11 m/s were applied to the system and it 
was aimed to cool the heat sink and create a thermal 
gradient between the TE surfaces.  
 

 
Figure 6 (a) Air flow along the fins of the heat sink, (b) air flow leaves the heat 

sink 
 

The geometric dimensions of the thermoelectric legs 
used in simulations are shown in Tab. 2. It is crucial to 
guarantee that the ensure total volume of the thermoelectric 
legs remains constant, notwithstanding the variations in 
their geometries.

 
Table 2 TE leg dimensions 

Leg Shape Length Bottom Area Top Area Lateral Area Volume 
Rectangular 1.6 mm 1.4 mm × 1.4 mm 1.4 mm × 1.4 mm 8.96 mm2 3136 mm3 

Cylinder 1.6 mm r = 0.79 mm r = 0.79 mm 7.94 mm2   3136 mm3 

Truncate of Cone 1.6 mm r = 1.05 mm r = 0.497 mm 8.22 mm2   3136 mm3 

Truncate of Prism 1.6 mm 1.862 mm × 1.862 mm 0.9 mm × 0.9 mm 9.22 mm2   3136 mm3 

Inverse Truncate of Cone 1.6 mm r = 0.497mm r = 1.05 mm 8.22 mm2   3136 mm3 

Inverse Truncate of Prism 1.6 mm 0.9 mm × 0.9 mm 1.862 mm × 1.862 mm 9.22 mm2   3136 mm3 

2.2 Mathematical Equations for TEG 
 

Conduction, convection and radiation are the heat 
transfer equations needed to explain the system. The 

definition of conduction heat  Q  is as follows [32, 33]: 

 
T

–kA
x

Q 



                                                                       (1) 

 

Where, k, A, ΔT and Δx are the heat transfer 
coefficient, surface area, the temperature difference, and 
thickness, respectively. The rate of heat transfer through 
conduction per unit of time is calculated using the Fourier 
equation. Convection is expressed by Newton's law of 
cooling, which is demonstrated in Eq. (2).  
 

 sTQ ThA –                                                                        (2) 

 
Where the heat transfer coefficient, the surface area in 

contact with the fluid surface, the surface temperature, and 
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the fluid temperature are represented, respectively, by the 
variables h, As, Ts and T . The equation for radiation, the 

last heat transfer mechanism, is given below [33]. 
 

 4 4
s s am

A TQ o – T                                                                  (3) 

 
where ε, As, Ts, o and Tam are surface emissivity, surface 

area, the Stefan-Boltzmann constant, absolute temperature 
of the surface and ambient temperature, respectively. The 
last formula named the Stefan-Boltzmann equation gives 
an estimate of the radiant energy emitted from a surface.  

This study aims to investigate the steady-state 
performance of a TEG device. The models are simplified 
based on the following assumptions: 
• Heat transfer has only one dimension. 
• All surfaces except the top (hot) and bottom (cold) 
surfaces are considered thermally insulated (see Fig. 6). 
• Thermoelectric elements are connected in parallel 
thermally and in series electrically. 
• Gravity and the buoyancy effects are neglected to 
reduce simulation times. 
 
2.3 Finite Element Analysis 
 

The simulations are carried out using COMSOL 
Multiphysics Programme (CMP) based on the heat transfer 
equations summarized in Eq. (1) to Eq. (3). The list of 
governing equations is given below respectively [18]. 
 

p td
T

C u q Q Q
t

 
  


                                                     (4) 

 
where , , ,  and p tdC u T Q  are density, the specific heat 

capacity at constant stress, the velocity vector of 
translational motion, absolute temperature and 
thermoelastic damping per unit volume, respectively. 

Energy conversion equation is as follows: 
 

  0
S

JT – TJ T
T

 
 


                                                       (5) 

 
where J is the current density, S is the Seebeck coefficent. 
At steady-state conditions, the disturbance of temperature 
and electric charge is stable. Other important equations 
utilized in the AC/DC module during the simulation 
include the following ones: 
 

0J                                                                                    (6) 
 
E V                                                                                    (7) 
 

 J E – S T                                                                             (8) 

 
where E defines the electrical field and σ is electrical 
conductivity. For Peltier power and Peltier coefficent as 
follows: 
 

p jq Q                                                                            (9) 

 

P ST                                                                            (10) 
 
where qp and P are the Peltier heat or power and the Peltier 
coefficient, respectively. The coefficient of heat transfer 
for the air in the system should be determined using the Eq. 
(11) in [34] before the simulation starts. 
 

air
air

fin

k Nu
h

L
                                                                            (11) 

 
where Nu, Lfin, hair and kair are the Nusselt number, the heat 
sink fin width, the air transfer coefficient and the air's 
thermal conductivity, respectively. The following relation 
is used to calculate the Nusselt number [34]: 
 

1 2 1 30 664Nu . Re Pr                                                               (12) 
 
where Re and Pr are the Reynold number and Prandtl 
number, respectively. The Reynold's number is calculated 
as follows [34].  
 

air fin

air

U L
Re

v
                                                                            (13) 

 
where Uair, vair and Lfin are the speed of the air, the viscosity 
of the air and the width of the heat sink fins. Since the 
calculated Reynold's number is smaller than the four over 
ten term and since the plate is used as heat sink, Eq. (12) is 
used for the Nusselt number. 

Additionally, the length or thickness of the heat sink 
fins do not alter the heat transfer coefficient value of the 
air, as shown in Eq. (11) to Eq. (13). The values of the air 
transfer coefficient (hair) depend on the fin length and air 
speed. But since the fin length is fixed in this study, the 
only factor that alters the air transfer coefficient is air 
speed, the results of which are displayed in Tab. 3 [34]. 
 

Table 3 Air velocity entering the heat sink 
Air speed-U / m/s hair / W/m2K 

0.01 5.38 
0.1 17.04 
0.5 38.11 
0.8 48.208 
1 53.898 
2 77.103 
3 93.354 
4 107.796 
5 120.52 
6 132.023 
7 142.602 
8 152.447 
9 161.695 
10 170.442 
11 178.76 

 
Additionally, the dimensionless figure of merit (Z) is a 

crucial factor to consider when comparing the performance 
of TEGs and is given below [11]: 
 

 
 

2

2

p n am

p p n n

S – S T
Z

k k 



                                                           (14) 
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where Tam, k, ρ and S are the ambient temperature, the 
thermal conductivity, the electrical resistance and the 
Seebeck coefficient, respectively. The sub-indices p and n 
represent p-type and n-type semiconductors. 
 

   

 

1 2

1 2

1 1

1

h c m

ch
m

h

T – T ZT –

TT ZT
T





 

                                               (15) 

 
where η, Th, Tc and Tm are efficiency, the hot side 
temperature, the cold side temperature and the mean 
temperature, respectively. The efficiency values (η) will be 
calculated for six TE leg structures in the following section.  

In the next section, the simulation results obtained for 
six different thermoelectric leg geometries are shown. 
 
3 SIMULATION RESULTS AND DISCUSSION 
 

In this section the Comsol Multiphysics simulation 
results of the TEGs obtained as rectangular, cylinder, 
truncated prism, inverse truncated prism, truncated cone 
and inverse truncated cone are explained in detail, 
respectively. 

The voltage results obtained by applying fifteen 
different air flow values to the TEG system with the most 
used rectangular and cylindrical leg structures are 
compared in Fig. 7. 
 

 
Figure 7 Comparison of the voltages of TEGs with rectangular and cylindrical 

leg geometry 
 

As seen in Fig. 7, the open-circuit voltage is higher in 
the cylindrical leg-based module in compared to 
rectangular leg-based module. This is because the 
cylindrical module has a surface area that is more exposed 
to the temperature gradient.  
 

 
Figure 8 Comparison of the voltages of TEGs with truncated prism and inverse 

truncated prism leg geometry 
 

As the air flow velocity increases, the voltage 
generated also increases, but it reaches saturation at a 
certain value. This phenomenon is attributed to the heat 
sink cooling capacity reaching saturation after a certain air 

flow velocity. In other words, the temperature gradient 
induced by the airflow saturates and remains constant 
beyond a specific air flow velocity. 

The voltage gain results of the TEGs with the truncated 
prism and inverse truncated prism leg structures are shown 
in Fig. 8. 

The TEG with inverse truncated prism leg generates 
more open circuit voltage as shown in Fig. 8. This situation 
can be attributed to the fact that the contact surface of the 
TE leg with the heat source is higher in the inverse prism 
structure. In other words, the broad surface in the inverse 
prism leg structure absorbs more heat energy by contacting 
the heat source. Therefore, it leads to the activation of more 
charged particles, resulting in the generation of more open-
circuit voltage. The voltage results of the TEGs with the 
truncated cone and inverse truncated cone leg structures are 
shown in Fig. 9. 
 

 
Figure 9 Comparison of the voltages of TEGs with truncated cone and inverse 

truncated cone leg geometry 
 

A similar situation holds on the TEG with an inverse 
truncated cone leg. Due to the larger surface area in contact 
with the heat source, the TE module with an inverse 
truncated cone leg produces more open-circuit voltage. 
The comparison of the voltages produced by TEGs with 
sharp-edged leg geometry such as rectangular, truncated 
prism and inverse truncated prism is shown in Fig. 10. 
 

 
Figure 10 Comparison of the voltages of TEGs with sharp-edged leg geometries 
 

As seen in Fig. 10, the module composed of TE legs 
with inverse truncated prism geometry produces more 
voltage than the module with a truncated prism structure. 
This situation is related to the surface area. The increase in 
the surface area in contact with the heat source will lead to 
the stimulation of more charged particles, resulting in more 
voltage being generated. The comparison of the voltages 
produced by TEGs with oval-edged leg geometry such as 
cylinder, truncated cone and inverse truncated cone is 
shown in Fig. 11. 
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Figure 11 Comparison of the voltages of TEGs with oval-edged leg geometries 
 

As seen in Fig. 11, the module composed of TE legs 
with inverse truncated cone geometry produces more 
voltage than the module with a truncated cone structure. 

All leg structures studied are compared in terms of 
open circuit voltage gain in Fig. 12. 
 

 
Figure 12 Comparison of the voltages produced by TEGs for all leg geometries 
 

When all leg structures are compared in terms of 
electricity produced, it can be seen from Fig. 12 that 
inverse leg structures (inverse truncated cone and inverse 
truncated prism) are more successful in terms of open 
circuit voltage gain. 

A comparison of the temperature gradients resulting 
from the air flow speed for TE modules with six different 
leg geometries exposed to the same heat source (350 K) is 
shown in Fig. 13. It can be seen from Fig. 13 that the 
maximum temperature difference occurs for the TEG with 
inverse truncated cone leg. The lowest temperature 
gradient is achieved in the TE module with a rectangular 
leg geometry. 
 

 
Figure 13 Comparison of temperature gradients depending on air flow speed for 

six leg geometries 
 

The efficiency values calculated based on six different 
leg geometries are shown in Fig. 14. Here, the efficiency 
values are calculated using Eq. (14) and Eq. (15). However, 
it should be noted that the Z value is not dependent on the 
geometric structure of the legs and remains the same for all 
module configurations. Therefore, the fundamental 
parameter causing the difference in efficiency values in       

Eq. (14) and Eq. (15) is the temperature gradient. As 
mentioned earlier, since the temperature gradient is 
especially directly related to the surface area in contact 
with the heat source, it is natural for this difference to 
emerge in efficiency. It can be seen from Fig. 14 that TE 
modules with inverse conical and inverse prism legs 
structures achieve the highest efficiency values. 
 

 
Figure 14 Comparison of the efficiencies for six leg geometries 

 
In this study, a heat sink was added to the cold side of 

the module to create a temperature gradient at the top and 
bottom of the TE legs, and an airflow was added to cool 
the heat sink. It is understood from the simulation results 
in Fig. 15 that the system is cost-effective. Fig. 15a shows 
the voltage gain values without heat sink and airflow,           
Fig. 15b with heat sink only and Fig. 15c when both heat 
sink and airflow are included in the system. An inverse 
truncated cone was used as the example leg structure and    
1 m/s laminar airflow was applied to the heat sink fins in         
Fig. 15c. 

The voltage gain and efficiency values of the 
conventional rectangular leg structure, which is the most 
widely used in TEG systems, and other different five leg 
geometries are compared in Tab. 4. 

The voltage gains obtained when 7 m/s air flow is 
applied to the system are rectangle 6.81 mV, cylinder             
7.47 mV, truncated prism 7.81 mV, inverse truncated prism 
7.95 mV, truncated cone 7.69 mV, inverse truncated cone 
8.17 mV. When the cylindrical, truncated prism, inverse 
truncated prism, truncated cone and inverse truncated cone 
leg TEGs are compared with the rectangular leg TEG, 
which is used as the most common leg structure in the 
literature, in terms of electricity generation in Tab. 4, it is 
seen that 9.69%, 14.68%, 16.74%, 12.9% and 19.97% 
more electricity is generated respectively. The inverse 
truncated cone is found to be 22.26% more successful than 
the traditional rectangular leg geometry when compared in 
terms of efficiency. When Tab. 4 is analyzed, it can be seen 
that the most successful TEG leg geometry in terms of both 
voltage gain, electricity generation and efficiency is the 
inverse truncated cone. 

Various p-type and n-type leg structures have been 
used in TEG studies to increase power generation. Some of 
them are sectional, butterfly, cross-horizontal, I-shape,        
Y-shape, X-shape, trapezoidal, helix-shape, diamond-
shape and hollow [17-23]. For a meaningful comparison, 
the leg structures used in this study are compared with the 
same leg structures used in previous studies. As shown in 
[17, 22, 23], the cone leg structure is more successful than 
the conventional (rectangular) leg structures in terms of 
electricity generation. 
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Figure 15 Comparison of three different simulations. (a) system without cooling, (b) system with heat sink, (c) system with heat sink and air flow 
 

Tabel 4 Voltage gain and efficiency comparison for six leg geometries 

Leg geometry 
Voltage 

gain / mV 
Voltage 
gain / % 

Efficency 
(10-3) 

Efficency 
gain / % 

Rectangular 6.81 - 46.35 - 
Cylinder 7.47 9.69 48.93 5.56 

Truncated 
prism 

7.81 14.68 54.09 16.69 

Inverse 
truncated prism 

7.95 16.74 54.09 16.69 

Truncated cone 7.69 12.9 51.51 11.13 
Inverse 

truncated cone 
8.17 19.97 56.67 22.26 

 
4 CONCLUSION 
 

This study used Comsol Multiphysics simulation to 
investigate the impacts of air velocity, heat sink, 
rectangular, cylindrical, truncated prism, inverse truncated 
prism, truncated cone and inverse truncated cone leg 
geometries on TEG performance. To evaluate directly how 
leg geometries affect the efficiency and performance of 
electricity generation, the TE legs must be exposed to the 
same heat source and have same total volumes. Laminar air 
flow was applied into the system to increase the heat sink 
performance. The examined leg structures have 
rectangular, cylindrical, truncated prism, inverse truncated 
prism, truncated cone and inverse truncated cone leg 
geometries. Unlike the studies in the literature, in this 
study, an air flow was applied to the cold side of the 
thermoelectric (TE) module to increase the temperature 
difference between the surface areas. In order to increase 
the temperature difference between the surfaces of the 
module, not only air flow but also a heat sink was used and 
the temperature value on the cold side of the module was 
reduced by providing air flow between the heat sink fins. 

Six different leg geometries rectangular, cylindrical, 
truncated prism, inverse truncated prism, truncated cone 
and inverse truncated cone was examined based on open 
circuit voltage, efficiency, and airflow velocity. The 
analyzes especially emphasized the significant impact of 
the conically shaped geometry on electricity generation 
performance. It was seen that exposure to the contact 
surface of the TEG leg with the heat source is higher in the 
inverse truncated cone structure. Thus, the simulation 
results indicated that the most successful TEG leg 
geometry in terms of both voltage gain, electricity 
generation and efficiency was the inverse truncated cone. 
Furthermore, it should also be noted that the Z (figure of 
merit) value is independent of the leg geometry and 
remains the same for all module configurations.  

As an industrial application, the methodology herein 
can guide the development of solar thermoelectric 
generators that utilize truncated legs to reduce the volume 
occupied by rectangular legs in a conventional TEG cell, 
resulting in lower material requirements and reduced 
manufacturing cost. In future studies, it is planned to 
produce TEG modules with different geometric shapes in 
this study with direct writing 3D printing technology and 
compare their performances. 
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