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Development of Simulation Model for Waste Heat Recovery from
Automotive Engine Exhaust Using Thermoelectric Generator

Ki-Bum Kim"

'Department of Mechanical Engineering, Chungbuk National University
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Abstract  Recently, the waste heat recovery technique using thermoelectric generator (TEG) in automotive
engine has emerged to improve thermal efficiency in commercial vehicle. It is not difficult to recognize the
numerous attempts that have been made to develop the TEG simulation model, but it is hard to find the model
in conjunction with a particular heat engine system. In this study, 1-D commercial software AMESim was used
to develop a computational model that can assess waste heat recovery from a diesel engine exhaust using TEG.
The developed TEG simulation model can be used for evaluating the TEG performance of various types of TE
module, and the diesel engine model can simulate any type of on and off-road diesel engines. The simulation
results demonstrated that approximately 544.75W could be recovered from the engine exhaust and 40.4W could
be directly converted into electricity using one TE module. The models developed in this study can be easily
coupled with each other in the same computational program; thus, the models are expected to provide a viable
tool for developing and optimizing a TEG waste heat recovery system in an automotive diesel engine.

Key Words : AMESim modeling, Thermoelectric generator (TEG), Waste Heat Recovery (WHR)
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[Table 1] Specification of D-engine used for simulation

modeling
Number of strokes 4
Number of cylinders 4
Bore (mm) 83
Stroke (mm) 92
Compression ratio 17.3
Injector hole number 7
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Four Cylinder turbocharged diesel engine
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[Fig. 11 4-cyl. diesel engine model
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[Fig. 2] Simulation algorithm for Thermoelectric generation
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[Fig. 3] Simulation model for thermoelectric module
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[Fig. 4] Thermoelectric module attached on exhaust pipe
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[Fig. 5] Exhaust temperature for NEDC driving
test mode
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[Fig. 6] Exhaust enthalpy for NEDC driving test
mode

[Table 2] NEDC Key Point

Key Point | 1 2 3 4 5 6 7 8

Speed |rpm | 750 | 1100 | 1200 | 1600 [ 2000 | 1900 [ 2200 | 2600
Torque|Nm| 2 | 120 | 34 | 64 | 21 | 172 | 152 | 238
BMEP | bar [0.1]| 56 | 1.6 | 3.0 | 1.0 | 80 | 7.1 | 11.1
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[Fig. 71 Exhaust temperature along the exhaust pipe
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[Fig. 8] Exhaust temperature for rpm and BMEP
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thermoelectric device
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[Fig. 10] Regenerated power using a thermoelectric device

3. 848

2 Aol 2t B FES U ol AR 7]
dE GARAE ogsto] Igsta Apgat ol Zagh
SO WA 4= Q= AI2EE SAE 4= Sl mYlY
< Jpstglon, aae Eato] Alxle] &4 2ol up2 ul
7] &5, wj7] A g W EH HAS FE ofuA] #3t
FE o 4= Gl vlolHE AXSIGTh a4 AT} sl

R} 7] AEREE F5 5 Qe uAe B
544.47 Wolil, AA| A7) e F2o oF 405 Wo)
ek HE 107 g9 94 Ax7) wf7|Ho] Halg)ig),

o A% Bj4sto] AFHOT AT 4 G ofUX|Y oS
) gleh. web A Qo] ofuix] WEkeS Ak A
Aok 4§40l Ue AOE BLHAT. Al B Aol
Atk ] S 8 S mee AFER oflek, s
FUEUE, AY B 5 oS A s A o
B 9ol S8 4 9l Aoz ArEn, WY ohgS
Aok, S0l 188 Ao ldheic

[o 01[1

References

[1] J. Ringler et al., "Rankine Cycle for Waste Heat
Recovery of IC Engines", SAE int. J. Engines, Vol(2),
No(1), pp.67-76, 2009.

DOI: http://dx.doi.org/10.4271/2009-01-0174

[2] K. Kim et al.,
Automotive Applications",
Automotive, Vol(13), No(3), pp. 401-407, 2012.
DOI: http://dx.doi.org/10.1007/s12239-012-0037-0

[3] C. R. Nelson.,

"Viable Combined Cycle Design for

International Journal of

"Heavy Duty Truck Egnien: High

Engine Efficiency at 2010 Emissions", DEER Conference,
pp. 1-19, August, 2005.

[4] T. Endo et al.,
Automotive Engines",
2007.

DOI: http://dx.doi.org/10.4271/2007-01-0257

[5] J. Fairbanks., "Vehicular Applications of Thermoelectrics",
DEER Conference, pp. 1-54, 2008.

"The Turbosteamer: A System

"Study on Maximizing Exergy in
SAE 2007-01-0257, pp. 1-12,

[6] R. Freymann et al.,
of Cogeneration in
MIZ 0512008 Vol.69,

Introducing the Principle
Automotive Applications",

pp.20-27, 2008

Z 7| H(Ki-Bum Kim) [A3| ]

® 20004 29
ekt (F8HAh

® 20033 8% : University of Florida,
Ak (FEHAAD

® 200613 8% : University of Florida,
AT @

e 20114 3¢ ~ A7) -

ANABIR, Z0s

st Auks)

SETEh,

R [FEPAPR

1026




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


