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Abstract - Temperature distribution was measured along the exhaust pipe of an old car model at different car speeds and two 
loads at both cases of insulation and non-insulation of the exhaust pipe. Measured data are used to investigate the possibility 
to utilize thermoelectric devices to produce voltage based on Seebeck effect principle. Calculations are performed for two 
different thermoelectric materials, loads and different car speeds at both cases of insulating and non-insulating of the exhaust 
pipe. Results indicated that insulation of the exhaust pipe remarkably increased the produced voltage.   
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I. INTRODUCTION 
 
The Seebeck(or thermoelectric) effect has been 
studied by many researchers [1-15]. Thermoelectric 
effect is a characteristic of electrical substances in 
which a voltage difference is generated between two 
different materials if they are subjected to 
temperature difference. If the two materials are 
connected using an electric circuit, electrons flow to 
the cooler one and direct current flows through this 
circuit.[1-2]The produced voltage may be as high as 
41 microvolts per degree kelvin difference based on 
pair of the materials used[2]. Such devices are 
connected in parallel to increase the output current or 
in series to increase the output voltage.Small scale 
electric power can be generated using thermoelectric 
devices if appreciably large temperature difference 
can be maintained across its terminals [1-2]. 
 
Peltier effect which is the reverse of Seebeckeffect 
can be used for thermoelectric cooling. If an electric 
current is subjected to such a device, it can be used to 
remove heat from an object or space [2]. 
 
As the heat flows from hot to cold sides of 
thermoelectric, electrons are also driven to the cold 
end. Generated voltage; V, is proportional to 
temperature gradient; ΔT, via the Seebeck coefficient, 
α,  
 
V = α.ΔT(1) 
 
Seebeck coefficient may be defined as the voltage 
produced between two points of aconductor having a 
temperature difference of 1 degree Kelvin [3]. 
A good thermoelectric (TE) material has a Seebeck 
coefficient which lies between 100 μV/K and 300  

μV/K. Hence, it is required to connect many 
thermoelectric devices in series to achieve a few volts 
at the load [3]. This is one reason that there is not 
much everyday use for thermoelectric power 
generators. Another reason is the high cost to power 
ratio of the device [3]. 
 
Power generation Conversion efficiency of a TE 
device may be defined as the energy output times the 
energy input [2]. The efficiency depends on the type 
of thermoelectric materials and the temperature 
difference across the device[4]. Older bulk TE 
materials, such as Bi2Te3 and PbTe, can provide only 
limited efficiency, typically 4-7%. TE generators 
have suffered from low efficiencies.  
 
This may be attributed to losses related to the 
thermoelectric materials and low Carnot efficiency 
due to a relatively small temperature drop across the 
devices. The efficiency of these devices may be 
enhanced by increasing the temperature difference 
and/or improving TE materials [4-5].Newly 
discovered TE materials (nano composite and thin-
film super lattice materials) are expected to 
accomplish a much higher efficiency (around 12-
20%)[4]& [6].To the best of our knowledge, no 
attempt was recorded to estimate the voltage that can 
be generated to recover the heat of exhaust gases 
along the exhaust pipe of an old car. 
 
II. OLD CAR EXHAUST PIPE 
 
The components, dimensions and temperature 
measuring points of old car exhaust pipeunder  
investigation (both with and without insulation)were 
discussed in reference [1]. 
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Fg. 1Components, dimensions and temperature measuring points of old Sahin car exhaust pipe [1]. 

 
Thermocouple Type K was utilized for temperature measurement at measuring points; as specified in Fig. 1 [1]. 
 
RESULTS AND DISCUSSION 
 
Temperature distribution was measured along the 
exhaust pipe of an old car model at different car 
speeds and two loads at both cases of insulation and 
non-insulation of the exhaust pipe. Results are plotted 
in [1]. Measured data are used to investigate the 
possibility to utilize thermoelectric devices that can 
be mounted on temperature measuring points to 
produce voltage based on Seebeck effect principle. 
Equation (1) is used to calculate the generated voltage 

upon using two different thermoelectric materials 
{bismuth (Bi)having Seebeck coefficient, α = 34.5 
μV/K and bismuth telluride (Bi2Te3) having Seebeck 
coefficient, α= 190 μV/K; [3]} for different car 
speeds and loads at both cases of insulating and non-
insulating of the exhaust pipe assuming cold side 
temperature equals27C. Results are plotted in figures 
2-10.  Figures 2-9 illustrate the produced voltage 
along the different points along the exhaust pipe of 
the old car model. 
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It may be illustrated from figures 2-9 that the 
produced voltage in general increases with increasing 
the car speed and load. This may be relied as follows; 
increasing the car speed and load may lead to the 
increase of hot side temperature; i.e. temperature at 
measuring points. It may be remarked also that the 
generated voltage increases upon using Bismuth 
Tellurideas thermoelectric material instead of 
Bismuth. This may attributed to that Bismuth 
Telluride has higher Seebeck coefficient compared to 
that of Bismuth. 
 
Fig. 10 illustrates the percentage increase in produced 
voltage due to insulation of the exhaust pipe of the 
old car model for Bismuth Telluride.  It may be 
observed that there is remarkable increase in  
 
produced voltage due to the insulation of exhaust 
pipe. This may be attributed to that the insulation 
process will lead to reduction of heat loss, hence 
preventing the reduction of hot side temperature. 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
It may be concluded that:- 
1. Produced voltage in general increases with 

increasing car speed and load. 
2. Produced voltage increases upon utilizing 

material having higher Seebeck  coefficient. 
Hence, there is high demand for producing new 
materials having higher Seebeck coefficient to 
generate higher energy. 

3. Insulation of the exhaust pipe remarkably 
enhances produced voltage. 

 
 

 
 
 
REFERENCES 
 
[1] Mohamed, I. K. and  Aissa, W. A.  “An Experimental Study 

of the Ability to Recover Waste Heatfrom an Old Automotive 
Engine Exhaust,” International Journal of Engineering Trends 
and Technology (IJETT) 2015, 29 (2), pp. 90-96. 

[2] Ferry, R. and Monoian, E., “A field guide to renewable 
energy technologies,1st edition, ” Land Art Generator 
Initiative, www.landartgenerator.org, February 2012. 

[3] Mann, B. S., “Transverse Thermoelectric Effects for Cooling 
andHeat Flux Sensing,” Master thesis, Virginia Polytechnic 
Institute and State University, June 16, 2006, Blacksburg, 
Virginia, USA.  

[4] Olsen, M. L., et al., “A high-temperature, high-efficiency 
solar thermoelectric generatorprototype,” Energy 
Procedia2014, 49 ,pp. 1460 – 1469. 

[5] Kochergova, N., “Thermoelectric hybridmaterials,” Master 
thesis, 2013, University of Oslo. 

[6] Ginley, D, “High-Temperature Solar Thermoelectric 
Generators (STEG),”,SunShot Concentrating Solar Power 
(CSP) Program Review 2013, April 23–25, 2013, near 
Phoenix, Arizona, USA. 

[7] Walter, M. , “The tunnel magneto-Seebeck effect 
inmagnetictunnel junctions”, PhD thesis, 2013, Göttingen, 
Germany. 

[8] Tritt, T. M.  and Subramanian, M.A., 
“ThermoelectricMaterials,Phenomena, andApplications: 
ABird’s Eye View”, MRS Bulletin, March 2006, 31, pp. 188–
194. 

[9] Bubnova, O., “Thermoelectric properties of conducting 
polymers”, Linköping University, Institute of Technology, 
Dissertation No. 1491, 2013, Sweden. 

[10] ÇİPİLOĞLU, M. A., “Thermoelectric Effects in Mesoscopic 
Physics,” PhD Thesis, The Middle East Technical University, 
Turkey, 2004. 

[11] Karri, M. A., “Thermoelectric Power Generation System 
Optimization Studies,” PhD Thesis, Clarkson University, 
Potsdam, NY, 2011. 

[12] Molki, A., “Simple Demonstration of the Seebeck Effect” 
Science Education Review, 9(3), 2010, pp. 103-107. 

http://iraj.in
http://www.landartgenerator.org,


International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-7, Jul.-2017 
http://iraj.in 

Recover of Waste Heat from an Old Automotive Engine Exhaust 
 

99 

[13] Naydenova, Ts.,“ A Study of Seebeck and Nernst effects in 
(Ga,Mn)As/normal semiconductor junctions”, Ph.D thesis, 
2014, Sofia ,Bulgaria. 

[14] Kehlberger, A., “Origin of the spin Seebeck effect,” Ph.D 
thesis, 2015, Johannes Gutenberg Universität Mainz. 

[15] Yan, D., “Modeling and Application of a Thermoelectric 
Generator,” Master thesis, 2011, University of Toronto.  

 
 
 
 
 
 

 

http://iraj.in

