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Abstract. The present research shows the results obtained in 
the validation tests of a thermoelectric module that works with a 
diesel 1800 cubic centimeters engine exhaust gases. A receptacle 
connected to an exhaust gas pipe was manufactured for the tests. 
This adapter allowed tests of heatsinks. We compared the 
experimental data with those provided by the CFD program 
(ANSYS CFX). The information given by the simulation 
software is similar to the given by experimental tests, in 
particular the data obtained using the k-ε turbulence model. 
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1. Introduction 
 
  

 
 
Fig. 1. Experimental device. 
 
Nowadays, numerous studies [1-6] are focused on the use 
of residual heat from combustion engines through the use 
of thermoelectric modules (TEGs). The objective of the 
present work is to validate the use of simulation software, 
in particular ANSYS CFX, for this type of tests 
 
An experimental setup has been prepared for the study of a 
thermoelectric module, figures 1 and 2, this receptacle 
allows the combustion gases of an 1800 cc diesel engine to 

be brought into contact with a heat sink that transfers the 
heat from the fumes to the TEG. 
 

 
 
Fig. 2. Schematic of the experimental device. 
 
Using the SolidWorks program, a working geometry has 
been generated for CFD simulation, considering mass 
flow rates of exhaust fumes, cooling water flow rates, 
and working temperatures. We have also introduced the 
different materials that make up each of the parts of the 
assembly. 
 

 
 
Fig. 3. ANSYS CFX model. 
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Tests have been carried out on an engine test bench, where 
exhaust gas temperature measurements have been 
performed at different engine speeds. Simultaneously, the 
temperatures of the thermoelectric module and the 
generated electrical power have been quantified. 
 
2. Method 
 
The thermoelectric module TEG126-40B of the company 
EVERREDtronics. has been selected to carry out the tests. 
This module has dimensions of 40x40x4.5 mm and, 
according to the manufacturer's specifications, generates 
6.8 W of power, working at a temperature of 50°C on the 
cold side and at a 300ºC on the hot side. A small aluminum 
heat exchanger of 40x40x10 mm has been selected, in 
order to keep constant the cold side temperature. This 
device is equipped with two 6mm diameter ducts that 
allow the cooling fluid (water) circulation. The cooler has 
welded baffles that force the cooling fluid flow, increasing 
the contact surface between aluminum and water, and 
maximizing the total heat transfer coefficient. 
 
In order to capture the maximum amount of heat from the 
exhaust gases, the hot face of the thermoelectric module 
consists of a 42x42x30 mm aluminum heatsink, with 13 
units of 42x28x0.8 mm fins, oriented in the direction of 
exhaust gases flow. The thermoelectric module, and the 
heat sinks of the hot face and the cold face are connected 
by means of M4 screws, which guarantee a perfect contact 
and the maximum heat transfer through the three bodies. 
 
Elements used in the test device have been completely s 
dimensioned and plotted using the CAD software 
Solidworks. The generated CAD geometries are essential 
for an accurate simulation, so, they have to be as close to 
reality as possible. 
 
The ANSYS Workbench software and in particular the 
CFD ANSYS CFX CFD tool was used. This program 
simulates the movement of the combustion gases inside the 
duct and all the heat transfer phenomena: gas-solid, solid-
solid and solid-liquid and finally the movement of the 
cooling water. To perform the simulation the three 
domains have been meshed using tetrahedral elements of 
variable size, adjusting with smaller sizes to the areas of 
heat transfer mentioned above. The total number of 
elements exceeds 1.35 million of tetrahedrons. Stationary 
state simulations have been performed, considering two 
different turbulence models, such as k-epsilon and SST. 
 
A Diesel engine, without turbo, EGR system and without 
particle trap system was used for the tests. The engine 
crankshaft is coupled to an eddy current brake, to 
reproduce multiple working conditions, similar to what an 
automobile would have during its normal operation. 
 

 
3. Results 

 

 
 
Fig. 4. Temperature gradient in the module (simulated). 
 
Exp. Theoretical Simulatio

n 
(k- ) 

Simulation 
(SST) 

Experimental 

neutral 87,64 86,85 85,95 87,00 

1 110,53 109,35 108,25 105,42 

2 122,94 121,95 120,85 118,46 

3 133,77 132,55 131,25 129,12 

4 164,03 162,45 160,95 157,24 

5 259,19 256,95 254,85 248,46 

6 372,31 369,26 346,75 355,08 

 
Table 1. Comparative results (temperatures in Celsius degrees) 
 
Tests have been carried out at different engine loads, 
measuring the temperatures of the fluid streams as well 
as the circulating mass flow rates. It has reached a power 
developed by the motor of 30kW since, for higher 
powers, the obtained temperatures could deteriorate the 
thermoelectric module. 
 
The experimental temperatures (figure 4, 5 and table 1) 
have been compared with two different models of 
turbulence, in addition, they have been compared with 
those provided by the theory of heat transfer [7] 
(conduction and convection in fins). 
 
4. Conclusions 
 
After the analysis of the results, it can be concluded that 
CFD tools allow a reliable estimation of the TEG 
response during its operation; its use in the optimization 
of residual heat saving devices in vehicles will reduce 
design time and improve their performances. 
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Fig. 5. Temperatures vs engine power. 
 

 
 
Fig. 6. Maximum electric power generated. 
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