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• A recording system is developed for an automatic collection of information on the parameters of a 
moving vehicle, as well as of a thermoelectric generator installed on it. Collected information allows 
optimal design of a thermoelectric generator using vehicle exhaust heat for given class of vehicles and 
driving mode. The system was tested on a Volkswagen Transporter equipped with a diesel engine. 

Introduction 
The use of waste heat from the internal combustion engines is a relevant applied problem of 

thermoelectricity. World producers of vehicles, as well as companies of thermoelectric profile, give much 
prominence to the development of efficient thermoelectric generators for vehicles. The purpose of such 
works is to increase fuel saving to 10% due to the use of engine exhaust heat for electric energy generation. 

The largest companies making it their mission to create industrial prototypes of generators and 
their large-scale production are companies Hi-Z [1], BSST [2] and General Motors [3] in the USA. In 
Japan, the problems of creating automotive generators are most widely addressed by companies 
Komatsu [4], Nissan [5] and Shiroki [6]. In Germany, company Volkswagen and company BMW 
together with DLR (German Airspace Centre) represented their developments of thermoelectric 
automotive generators [7]. In Ukraine, the problems of creating efficient thermoelectric generators for 
the internal combustion engines are solved at the Institute of Thermoelectricity. A theory and 
computer design methods for such generators have been developed [8-12] with regard to peculiarities 
of dynamic operating modes of engine in real driving. 

A prerequisite for calculations and design of optimal generator construction is the availability of 
a detailed information on exhaust gas parameters (temperature, velocity, thermal power) as a function 
of driving mode (vehicle speed, engine revolutions, tilt angle, wind velocity, etc). 

The purpose of the work is to create an automatic system of monitoring the basic vehicle parameters 
describing vehicle motion state, as well as parameters of thermoelectric generator installed on the vehicle. 

1. Description of monitoring system  
1.1. The intended use of monitoring system 

The system is intended for automatic recording of moving vehicle parameters and storing sensor 
readings into an embedded memory with a possibility of their further computer processing by means of 
specially developed software.  

Monitoring system collects and records the following data: 
– exhaust gas temperature at three points of vehicle exhaust system; 
– ambient temperature; 
– gas flow velocity in exhaust pipe; 
– vehicle speed; 
– wind velocity relative to driving direction; 
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– vehicle-tilt angle relative to horizontal axis; 
– engine revolutions; 
– vehicle coordinates with attachment to real terrain map; 
– electric current, voltage and power of thermoelectric generator. 
In operation, current data from the sensors are reflected on a built-in display screen of recording 

device. Based on the processed data, the tabulated and graphical time dependences of moving vehicle 
parameters are obtained. 

1.2. Basic units of monitoring system 

A monitoring system consists of data collection sensors, a 16-channel analog-to-digital 
converter, a stand-alone microcontroller recorder with digital information conversion software and a 
GPS-navigator. Schematic diagram of monitoring system is shown in Fig. 1. Analog signals from all 
the sensors are processed by analog-to-digital converter and stored in recording device memory. A 
stand-alone desk allows control over the process of recording and display of recorded information. 
The system has a USB-interface for the exchange and processing of information stored in computer. 

Exhaust gas temperature and ambient temperature is recorded by measuring thermocouples of 
the type “chromel-alumel” that have a linear dependence of EMF over a wide temperature range. The 
error of temperature measurement is not more than 2%. 

The cold side temperature of thermocouples is recorded by resistance thermometer  
(ТC-0295) in the range of –20 to +40ºС with the error not more than 1%. 

Vehicle speed is measured by vehicle induction wheel speed sensor, as well as by a GPS-
navigator (here we used a GPS-logger G-log 760). 

 
Fig. 1. Schematic diagram of monitoring system. 

Engine revolutions are measured by parallel connection of a system to vehicle revolutions 
sensor. The system works both with the induction-type sensors and the Hall sensors. 

Wind velocity relative driving direction is measured by aviation Venturi tube ТV-980U in the 
range of 2 to 50 m/s with the error not more than 3%. 

Exhaust gas velocity is measured by the Pitot sensor DP-3310М in the range of  
1 to 60 m/s with the error not more than 3%. 

Vehicle-tilt angle is measured by electronic inclinometer GON-4312 in the range of ±25º with 
the error not more than 0.1º. 

Vehicle geographical coordinates are obtained from the GPS-sensor to an accuracy of 10 m. 
Sensor polling period can be set from 4 to 1 hour.  
The system can be powered both autonomously with the possibility of trouble-free operation up to 

8 hours and from car’s lighter socket. The embedded recorder memory can store up to 10000 entries.  
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2. Monitoring system test results 
The elaborated system was installed and tested on a Volkswagen Transporter vehicle, equipped 

with a diesel engine of power 96 kW. Thermocouples for measuring the exhaust gas temperature were 
installed at 3 points of exhaust system: in front of a catalytic converter (catalyst), after the catalyst and 
immediately in front of an acoustic filter (muffler). A sensor of exhaust gas velocity was installed at 
the same place. A sensor of wind velocity was fixed on a remote rod on vehicle roof to avoid 
measurement distortion by air fluxes around the vehicle.  

Examples of collected and computer processed data for city vehicle driving are given in the figures. 

 
Fig. 2. Vehicle speed. 

Fig. 2 represents a dependence of vehicle speed. Fig. 3 shows the respective dependences of exhaust 
gas temperature at different points of exhaust system. 

 
Fig. 3. Exhaust gas temperature. 

Fig. 4 shows vehicle motion route in a city with attachment to satellite map and time.  

 

Fig. 4. Vehicle motion route on satellite map. 
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3. Processing of results. TEG design 

The elaborated system was used to obtain the data for a Volkswagen Transporter driving mode in 
a New European Driving Cycle (NEDC).  

TEG design was done according to the procedure described in the previous works [12-13]. 
Figs. 5 and 6 show the exhaust gas energy parameters for vehicle driving mode in NEDC, as 

well as optimal module temperature calculated according to procedure [13]. 
Fig. 7 shows calculated electric power of TEG. 

 

Fig. 5. Exhaust gas thermal power. 

 

Fig. 6. Exhaust gas temperature and module temperature calculated according to procedure [13]. 

 

Fig. 7. Electric power of thermoelectric generator. 

The average electric power of the designed generator is 110 W in a single NEDC. Maximum 
electric power (at a speed of 110 km/hour) is 615 W. The cold side temperature of modules is 50ºС. 

The results obtained are in good agreement with the experimental data [8]. 

Conclusions 
1. A system for monitoring parameters of moving vehicle is created which assures measuring in a 

dynamic mode the energy parameters of vehicle exhaust gas, as well as parameters describing 
vehicle motion state. The total error in measuring the exhaust gas thermal power is not more 
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than 9%. The error in measuring motion parameters is not more than 3%.  
2. The results obtained serve the base for the optimal design of a thermoelectric generator operated 

on exhaust gas heat for a specific vehicle and driving mode. 
3. The above example of calculating the generator of maximum power 615 W and average power 

110 W (for NEDC) corresponds to the experimental results. 

Acknowledgement. The Author is sincerely grateful to academician of NAS Ukraine 
L.I. Anatychuk for the formulation of an interesting and timely problem, the directions and support 
during the performance of the work. Big gratitude is due to V.A. Tyumentsev for having fulfilled the 
technical part of the work. 

References 
1. N. Elsner, J. Bass, S. Ghamaty, D. Krommenhoek, A. Kushch and D. Snowden, Diesel Truck 

Thermoelectric Generator, Advanced Combustion Engine Technologies. – FY 2005 Progress 
Report, p. 301 – 305. 

2. D. Crane, L. Bell, Progress Towards Maximizing the Performance of a Thermoelectric Power 
Generator, Proc. 25th International Conference on Thermoelectrics (Vienna, Austria, 2006), p. 11 – 16. 

3. Jihui Yang, F. Seker, R. Venkatasubramanian, G.S. Nolas, C. Uher and H. Wang, Developing 
Thermoelectric Technology for Automotive Waste Heat Recovery, Advanced Combustion Engine 
Technologies. FY 2006 Progress Report, p. 227 – 231. 

4. T. Kajikawa, Current Status of Thermoelectric Generation Technology in Japan, 
J.Thermoelectricity 2, 21 – 31 (2007). 

5. K. Ikoma, M. Munekiyo, K. Furuya, M. Kobayashi, T. Izumi and K. Shinohara, Thermoelectric 
Module and Generator for Gasoline Engine Vehicles, Proc. 17th International Conference on 
Thermoelectrics (Nagoya, Japan, 1998), p.464 – 467. 

6. E. Takanose, H. Tamakoshi, The Development of Thermoelectric Generator for Passenger Car, Proc. 
12th International Conference on Thermoelectrics (Yokohama, Japan, 1993), p. 467–470. 

7. “Thermoelektrik-Eine Chance Fur Die Atomobillindustrie”, Berlin, 2008. 
8. L.I. Anatychuk, O.J. Luste and R.V. Kuz, Theoretical and Experimental Studies of Thermoelectric 

Generator for Vehicles, J. Electronic Materials 40(5), (2011). 
9. L.I. Anatychuk and R.V. Kuz, Computer Designing and Test Results of Automotive 

Thermoelectric Generator, Thermoelectrics Goes Automotive (Berlin: Expert Verlag, 2011). 
10. L.I. Anatychuk, O.J. Luste, R.V. Kuz and M.N. Strutinsky, Inverse Problems of Thermoelectricity, 

J. Electronic Materials 40(5), 2011. 
11. L.I. Anatychuk and R.V. Kuz, Materials for Vehicular Thermoelectric Generators, J.Electronic 

Materials 41(6), (2012). 
12. L.I. Anatychuk, R.V. Kuz, Theory and Computer Simulation of Automotive Thermoelectric 

Generators, ICT/ECT-2012 (July 9th-12th, 2012, Aalborg, Denmark). 
13. L.I. Anatychuk, R.V. Kuz and Yu.Yu. Rozver, Thermoelectric Generator for a Petrol Engine, J. 

Thermoelectricity 2, 97 – 104 (2012). 
 

Submitted 09.11.2012. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


