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Abstract: Thermoelectric power generation is a renewable energy conversion process that directly 

converts heat to electricity. This research proposes a novel fluid-thermal-electric multi-physics 

numerical model for predicting the performance of a thermoelectric-producing system. On the 

ANSYS platform, numerical simulations are done along with the exhaust temperature and mass 

flow rate. The range of hot end temperatures is from 100 to 450 degrees Celsius. Similarly, the cold 

end temperature can reach a maximum of 25 degrees Celsius and a minimum of 10 degrees Celsius. 

When the temperature at the generator's hot end rises, it means the temperature at the generator's 

cold end must fall. It means both have an inverse relation to each other. The maximum heat 

absorbed at the hot junction is 32.762 W and the minimum heat absorbed at the hot junction is 4.6305 

W. Hence the maximum and minimum current values produced in this paper by the thermoelectric 

generator are 72.156 A & 10.816 A respectively.  The hot side heat exchanger's position of the 

thermoelectric modules has a significant impact on output. Combining the benefits of many models 

are advised to construct an inclusive thermoelectric generator system for use in real-world 

applications.  
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Introduction: 

 Concerns about employing environmentally friendly power generation have 

grown as a result of pollution problems and global climate changes. There are different 

ways to generate environment-friendly power, as we are using wind energy. But our 

concern is about heat which is less used but more exiled to the environment. To put it 

simply, a thermoelectric generator is a tool for transforming thermal energy into electrical 

power. Initially, these were made with metal but now with semiconductor elements that 

are connected in series with metallic conductors [1]. Numerous scientists conducted 

research to utilize the ability of thermoelectric generators for inducing electric power [2-

4]. Thermoelectric generators consist of a thermal module that is inserted between two 

heat exchangers. When thermoelectric couples are electrically connected in series but 

thermally coupled in parallel, some of the heat energy that flows between the couples is 

converted directly into electrical energy [5]. Thermoelectric generators eliminate the need 

sfor fossil fuels and lower carbon emissions [6]. Thermoelectric phenomena were 

discovered in the 18th century, at the time it produces a very minor voltage amongst 

different metallic elements and were used as thermocouples. Thermoelectric (TE) 

technologies have experienced the fastest development, after the invention of highly- 
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efficient semiconductor device till now. Despite the fact that new materials are being 

considered. Seebeck effect and Peltier effect are the cornerstones of the fundamental 

theory underlying thermoelectric technologies (for main refrigeration). Seebeck's effect, 

states that two joints made of dissimilar metals have different temperatures (T) at the 

joints. The thermo-current and thermo-electromotive force that result from this difference 

in temperature are present in the joint circuit [7]. Numerous p-type and n-type 

semiconductor slabs, creating thermocouples, make up thermoelectric generators. These 

are electrically coupled in series and thermally parallel. The top ceramic plate of TEGs 

can be heated by a variety of waste heat sources, including those from automotive engine 

exhaust, industrial and infrastructure-heating activities, geothermal, and others [8]. Due 

to such importance of thermoelectric generators, a lot of experiments and conducted in 

field of thermoelectric technology. Amin Nozariasbmarz et al. (2020) studies body heat 

harvesting system based on thermal electric generator in wearable electronics [9]. Ravi 

Anant Kishore et el. (2020) studies the generator for field placements. Directly 

transforming heat into electricity through thermoelectric power generation is a proven 

energy collecting method [10]. The thermoelectric generator for heat harvesting is 

investigated by NguyenVan Toan et al. (2020) from the standpoint of material synthesis 

all the way to device construction. [11]. Theoretical modeling and experimental validation 

of a thermoelectric generator (TEG) combined with a phase change material (PCM) are 

investigated by Truong Thi KimTuoi et al. (2020) [12]. Khairul Fadzli Samat et al. (2020) 

studies the high performance micro-thermoelectric generators (TEGs) based on metal-

doped electrochemical deposition [13]. Khairul Fadzli Samat et al. (2020) investigate the 

dramatic enhancement of thermoelectric characteristics achieved by incorporating porous 

carbon black nanoparticles into a novel nanocomposite film of bismuth telluride [14]. 

Nanostructured electrochemical method for micro thermoelectric power sources is 

investigated by Khairul Fadzli Bin Samat et al. (2020) [15]. High-performance wearable 

thermoelectric generators with self-healing, recyclable, and Lego-like reconfigurability 

are the subject of research of Wei Ren et al. (2020) [16]. External variables have a big 

impact on how well the thermoelectric system works. Temperature swings and humidity 

levels, for example, can affect a material's characteristics and change its thermal 

conductivity. Prolonged exposure might cause material deterioration over time, which 

would reduce the overall effectiveness of the system. It is essential to take these things 

into account while developing thermoelectric generators that are durable and reliable. 

Many researchers have used ANSYS and Fuzzy for simulation before fabrication [17-36]. 

ANSYS Simulation: 

 For simulation we use ANYSY software. ANSYS is a highest level-simulation 

program. Basically, it is a design software and gives us to simulator trial of our design for 

the best results. For example, simulation designed to simulate current and heat 

absorption. ANSYS Thermal-electric selected from all option from the tool box of ANSYS 

work bench. The thermal-electric deal with temperature, voltage, current etc. After the 

selection of thermal-electric, Engineering data were used to assign the custom materials 

for simulation. The geometry drawn by using different tools sketching and modeling and 

assigned required material for simulation such as copper as heat absorber and n and p-

type substances are shown in fig 1a and 1b. ANSYS Thermal-electric on the ANSYS 

platform was used in the simulation procedure. The temperature range of 100 to 450 

https://doi.org/10.58619/pjest.v4i4.157


  

____________________________________________________________________________________________ 

____________________________________________________________________________________________ 
PJEST December 2023, 4(4). https://doi.org/10.58619/pjest.v4i4.157                   Page 3 of 11 https://pjest.net/index.php/pjest/index 

degrees Celsius, mass flow rate, and exhaust temperature were among the specific 

criteria. Special materials were allocated to our numerical model to ensure transparency 

and repeatability, including copper for heat absorption. 

 

                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1(a)        Fig.1(b) 

After geometry step, created geometry assign to design modeler for 

meshing, apply loads and solution of simulation. In design modeler mesh was 
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used to geometry for batter results. the number of nodes 17279 in mesh is and 

number of elements is 3480. 

 

   

  

 

Fig.(a)       Fig.(b) 

 

Different magnitudes of temperature are applied to geometry at hot junction as well as at 

cold junction, current and Heat absorbed calculated. 
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Results: 

At the hot junction, we perform the calculations necessary to determine the values of the 

generated current and the absorbed heat. The fluid-thermal-electric model we have 

suggested combines theory and real-world applications. We improve relevance and 

application by bridging the gap between theoretical understanding and actual 

thermoelectric generator settings by the integration of exhaust characteristics in ANSYS 

simulations. 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

Fig. (a)       Fig. (b) 
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Current Density: 

 Based on the current density, both the current and the amount of heat absorbed at 

the hot junction have been determined. By putting out a unique fluid-thermal-electric 

model, this article significantly advances the field of thermoelectric power production. 

The novel combination of exhaust parameters and numerical simulations improves 

prediction accuracy and deepens our knowledge of thermoelectric system performance. 

The optimization of energy conversion processes may be greatly enhanced by this 

invention. 

 

 

 

  

 

 

 

 

 

 

 

 

Fig.(a)       Fig.(b) 
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Result Analysis: 

 The analysis has been shown by the calculated values and graph of generated 

current and heat absorbed at hot junction of thermoelectric generator. The results of our 

work have important applications for improving the efficiency of thermoelectric 

generators (TEGs). The foundation for enhancing TEG performance is laid by our 

research, which examines current and heat absorption properties. The tendencies that 

have been found offer important new information that will help thermoelectric generators 

become more effective. These developments are a step towards sustainable energy 

solutions and present a viable way to capture waste heat and convert it to electrical power 

that can be used in a variety of industrial and environmental settings. 

Hot (Junction) 

End 

Temperature 

Cold (Junction) 

End Temperature 

Heat 

Absorbed at 

Hot Junction 

(Input) 

Current 

oC oC W A 

100 25 4.6305 10.816 

150 22.85 8.1882 19.585 

200 20.72 11.896 28.349 

250 18.57 15.761 37.112 

300 16.43 19.781 45.867 

350 14.29 23.956 54.617 

400 12.15 28.277 63.405 

450 10 32.762 72.156 
 

Graphical Analysis: 
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Conclusion 

A unique fluid-thermal-electric multi-physics numerical model is proposed in this work 

to forecast the performance of a thermoelectric producing system. Both the exhaust 

temperature and mass flow rate are input for the ANSYS thermal. The range of hot end 

temperatures is from 100 to 450 degrees Celsius. Similarly, the cold end temperature can 

reach a maximum of 25 degrees Celsius and a minimum of 10 degrees Celsius. As the 

temperature rises at the generator's hot end, it falls at its cold end. It indicates an inverse 

relationship between the two. The hot junction may absorb up to 32.762 W of power and 

as little as 4.6305 W. In this study, the thermoelectric generator outputs a maximum of 

72.156 A and a minimum of 10.816 A. Location of the thermoelectric modules in the hot 

side heat exchanger has a major impact on the output. An abundance of theoretical 

models has been developed in recent years for thermoelectric generators and 

thermoelectric generator systems with the aim of better forecasting and enhancing 

performance. It is essential to do sensitivity analyses under various scenarios in order to 

improve research depth. Evaluating the robustness of results guarantees a thorough 

comprehension of the model's functionality in a variety of settings, enhancing the overall 

validity of the research. We then examine the CFD simulations with numerical 

thermoelectric model which can made the theoretical basis of a thermoelectric producing 

system. As such, it is suggested that a whole thermoelectric generator system be 

developed by combining the benefits of multiple types. To increase thermoelectric power 

generation, future research should investigate novel materials, unique combinations, and 

enhanced modelling approaches. For the benefit of society, the area will advance and 

more sustainable and effective energy conversion techniques will be fostered by 

continuing innovation and collaboration. 
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