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EXPERIMENTAL INVESTIGATION OF 
PERIODIC TRANSIENT MODE OF THERMOELECTRIC GENERATOR 

This paper presents a measuring installation and proposes a new method for experimental 
investigation of periodic transient mode of thermoelectric generator. It is shown that the use of 
periodic transient mode of thermoelectric generator allows increasing considerably the 
generated power as compared to steady-state mode. The value of optimal frequency of changing 
the external thermal fluxes is determined and a qualitative explanation of the effect of generated 
power increase is given.  
Key words: thermoelectricity, thermoelectric generator, direct energy conversion, transient 
mode, heat recovery. 

Introduction 
The advent of new materials, improvement of their fabrication techniques, ecological and 

energy problems in recent several years have lead to growing interest in problems of 
thermoelectricity. Thermoelectric devices (generators and coolers) allow converting thermal into 
electric energy and vice versa. The possibility of using these devices for “thermal waste” recovery, 
the absence of mechanical parts and poisonous coolants, low inertia and small dimensions indicate 
the viability of this development. However, low efficiency of thermoelectric devices restricts their 
wide application.  

The efficiency of thermoelectric device can be temporarily improved in its unsteady-state 
modes. For instance, pulse cooling mode allows reaching at certain points a deeper cooling which is 
accounted for by a considerable difference in time constants of electrical and thermal processes 
occurring in thermoelectric cooler. Pulse cooling theory was developed in [1 – 3] where the authors 
point to the absence of opportunity to increase the efficiency for transient modes as compared to 
steady-state mode. 

However, recent investigations of periodic steady-state modes of thermoelectric devices 
substantiate their appropriateness and promising outlook [4 – 6]. In [4], two modes of thermoelectric 
device are analyzed – periodic switching mode (P-mode) and continuous sinusoidal mode (S-mode). 
The specific feature of P-mode is periodic instantaneous reversing the temperature of the hot and 
cold ends of thermoelectric conductor, whereas in S-mode the temperature of junctions is 
continuously changed harmonically. In the course of theoretical treatment the authors prove the 
possibility of increasing parameter ZT (Z is thermoelectric figure of merit; Т is absolute temperature) 
which determines the efficiency of thermoelectric device by 30 % for cooling in S-mode, whereas 
such ZT growth for electric energy generation modes is not expected. The last conclusion, most 
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probably, results from the authors’ assumptions in the framework of which the temperature of 
junctions and, accordingly, thermoEMF in P-mode are changed instantly, without regard to their 
thermal inertia.  

In [6], a more universal model is proposed, wherein heat enters a TEG and leaves it through 
the plates. The numerical analysis made by the authors shows a maximum on the time dependence of 
generated thermoEMF the presence of which was later proved by them experimentally. Despite the 
fact that the mode in question was not periodic, the paper suggests its possible efficiency.  

The present paper gives the results of experimental investigation of periodic transient modes 
of thermoelectric generators based on the module ТЕС112703. Later sections describe experimental 
installation, experimental procedure and the resulting data. The last section deals with discussion of 
the results and conclusions. 

Measuring installation and experimental procedure 
Experimental installation comprises three thermoelectric modules М1-М3 (Fig. 1). Modules 

М1 and М3 (ТЕС1-12708) are used as a heater and a cooler. Direct electric current is passed through 
these modules from the external source. If this current is positive, the surface of module М3 in 
contact with module М2 is heated. At the same time, the surface of module М1 in contact with 
module М2 is cooled. In this case module М3 can be regarded as a heater and module М1 is a cooler. 

 

Fig. 1. Structural scheme of experimental installation.  

With a change in external current direction, the heater and the cooler swap places. In this case 
the surface of module М3 in contact with module М2 is cooled, whereas the surface of module М1 in 
contact with module М2 is heated. Module М2 (ТЕС112703) works in the mode of generation of 
electric power which is released on load resistance R.  

The voltage on module М1 is a sum of the voltage on the internal resistance of module 1MR  

denoted by 1MU  and thermoEMF 1εM  developed by the module. The value ( )11 εMMU +  is measured 
on input 1 of the recorder. 

The voltage on load resistance R  denoted by RU  is recorded on input 2. This voltage is the 

difference between thermoEMF 2εM on module М2 and the voltage due to thermal current flow: 

222ε MTHMR RIU −= , 

where 2THI  is thermal current of thermoelectric generator; 

2MR  is internal resistance of module М2.  
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External current through modules М1 and М2 is periodic with a period T . During time 
2
T  

there is direct current flow of one direction, then current is reversed, but its value remains the same.  
This periodically reversing current, flowing through modules М1 and М3, causes the 

appearance on device inputs 1 and 2 of alternating periodic voltages recorded by the device. 
The device operates as follows. 
The signal on input 1 is recorded during 0.04 s. Then during the same time interval signal 

recording takes place on input 2, and so on. Thus, on each of device inputs signal recording takes 
place every 0.08 s, so signals on inputs 1 and 2 are shifted in time by 0.04 s. 

Discussion of results 
Fig. 2 shows one period of signal ( )11 εMMU +  for different values of load resistance R  

( R = 20 Ω, 10 Ω, 5 Ω, 2.2 Ω and 1 Ω). The value of external current through modules М1 and М3 
was 0.8 А, and the period T  – 327.68 s.  

 

Fig. 2. Signals ( )11 MMU ε+  for 5 values of load resistance.  

From Fig. 2 it follows that a change in the load resistance in the range of 1 ÷ 20 Ω produces a 
minimum effect on the signal ( )11 εMMU + . The latter fact points to a marginal impact of change in 
the heater and cooler’s thermal load in the capacity of which acts thermal generator М2. 

Fig. 3 represents one period of signal RU  for the same values of load resistance, current 
through modules М1 and М3 and period. 

 
Fig. 3 Signals RU  for 5 values of resistance. 

Note that with a rather large time of flow of direct current of the same direction (not less than 
5 min) a steady-state value of voltage is set on the load resistance R. The results of measuring steady-
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state values of voltage RU  with different load values for the positive ( )( )+STU  and negative ( )( )−STU  

direction of external current are represented in Table 1. Also, Table 1 represents the results of 
calculation of power STP  generated by thermoelectric generator in the steady-state mode by the 

formula: 

R
UP ST

ST

2><
=  

where >< STU  are average values of steady-state voltages calculated by the values ( )+STU  and 

( )−STU .  

Table 1 

Operating characteristics of thermoelectric generator (steady-state mode) 

R, Ω 20 10 5 2.2 1 
UST(+), mV 32.545 24.875 17.055 7.351 1.454 
UST(-), mV -32.526 -24.884 -17.073 -7.363 -1.465 
<UST>, mV 32.54 24.88 17.06 7.36 1.46 
PST, µW 52.93 61.90 58.24 24.60 2.13 

The specific feature of thermoelectric generator transient mode is the presence of a maximum 
on the time dependence of output voltage. For signals represented in Fig. 3 the average power in the 
period T which is generated by thermoelectric generator can be calculated by the formula  

T

dt
R

U

P

T
R

TR

∫
= 0

2

. 

The results of such calculation are presented in Table 2 and correspond to current through 
modules М1 and М3 equal to 0.8 А and the period of 327.68 s.  

Table 2 

Operating characteristics of thermoelectricgenerator (periodic transient mode) 

R, Ω 20 10 5 2.2 1 

TRP , µW 630.16 755.54 838.38 567.44 269.47 

The data given in Tables 1 and 2 testify to the presence of maximum useful electric power 
both for the steady-state and periodic transient modes with a well-defined load resistance  
close to 5 Ω. 

A dependence of average in the period useful power TRP  оn the period value was 
experimentally studied for T = 20.48 s, 40.96 s, 81.92 s, 163.84 s, 327.68 s. Fig. 4 represents a 
dependence of useful power on the period for load resistance R  equal to 5 Ω and external current 
0.8 А.  

Analysis of the resulting experimental dependence of power generated by thermoelectric 
generator proves the availability of optimal value of generator operation period. In our case 
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maximum power TRP  ( TRP  = 1704.43·10-6 W) corresponds to period Т = 81.92 s. Note that in the 
steady-state mode with the same temperature conditions on the heater and the cooler the value of 
generated power STP  is 58.24·10-6 W. 

 
Fig. 4. Average power versus period. 

Fig. 5 represents time dependence of signal RU  in maximum power generation mode. The 
value of external current through modules М1 and М3 was 0.8 А, period T  – 82.92 s, load resistance 
R – 5 Ω. Also, this figure shows the values of steady-state voltages UR for the negative ( )( )−STU  and 

positive ( )( )+STU  current directions through modules М1 and М3. 

 
Fig. 5. Signals UR in periodic transient and steady-state modes. 

Thus, comparing powers generated by thermoelectric generator in the steady-state and periodic 
transient modes, it can be argued that the use of periodic transient mode leads to increase in power 

(
ST

TR

P
P ) by a factor of ~ 29.  

When thermoelectric generator operates in the steady-state mode, its thermal resistance is low. 
It is due to considerable heat losses inside the generator, namely the heat from the hot module side 
passes to the cold side.  

With a drastic change in the direction of heat fluxes, the thermal resistance of module is 
considerably increased for some time. Physically, it means that heat losses are reduced, and the heat 
that comes to the junctions of semiconductor thermocouples from the heater, heats the junctions to 
much higher temperature compared to the steady-state mode. 

Similarly, a reduction of thermal energy losses due to thermal conductivity inside the module 
leads to the fact that cold junctions are cooled to considerably lower temperature compared to the 
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steady-state mode. The appearance of additional temperature difference between the hot and cold 
junctions determines the appearance of a maximum in the output voltage of thermoelectric generator. 

The average in the period thermoEMF value in transient mode is 85.26·10-3 V, whereas in the 
steady-state mode thermoEMF does not exceed 17.06·10-3 V. Comparing these thermoEMF values it 
can be supposed that in transient mode the effective value of thermal conductivity is reduced by a 
factor of about 5, thus assuring a proportional reduction of thermal losses due to thermal conductivity 
inside the module. 

This qualitative explanation gives an insight to the appearance of a maximum in the output 
signal of thermoelectric generator and possible increase of its generated power. 

Conclusions 
Experimental investigation of transient mode of thermoelectric generator has proved the 

possibility of considerable improvement of thermal into electric energy conversion as compared to 
steady-state conversion method. Transition to periodic transient mode of thermoelectric generator 
will make possible the increase of generated power by a factor of 20 and more.  

The increase in the operating efficiency of thermoelectric generator when passing to the 
unsteady-state mode is based on the appearance of a maximum in its output voltage, which is 
accounted for by short-term, about 20 s, increase in generator thermal resistance. On expiry of this 
time, thermal resistance is reduced and steady-state generation mode is restored. The appearance in 
transient mode of the time dependence of generator thermal resistance indicates the need for 
determination of optimal generator period in terms of maximum power generation. The task of 
determination of optimal velocity of change in the external thermal fluxes requires separate 
consideration. In the course of preliminary investigation it was established that with decreasing 
velocity of current buildup through modules М1 and М3 with its reversal, the effect of maximum 
appearance in the output voltage of generator is reduced and eventually disappears.  

Our investigation testifies to reduction of thermal losses due to thermal conductivity inside the 
module. Thus, one can expect certain efficiency increase of generators working in transient mode.          

The obtained results point to promising outlook for further research and the necessity of 
transition to a real heater and cooler. In such systems, one will be able to change mechanically the 
direction of thermal fluxes in thermoelectric generator, for instance, the generator will be cylinder-
shaped and periodically rotate by 180 degrees between the heater and cooler having semi-cylindrical 
cavities. One possible variant of such TEG is represented in Fig. 6. 

 
Fig. 6. Schematic of TEG working in pulse transient mode. 

It should be noted that the experiment considered in this paper was performed with a slight 
temperature difference of the order of unit degrees. Assuming that when performing the experiment 
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on a real and sufficiently powerful TEG the above peculiarity (the availability of a maximum on time 
dependence of thermoEMF) is retained, in this case one can expect considerable increase of power 
produced. Naturally, in this case we are not talking about a real reduction of TEG thermal 
conductivity. One can only say that as a result of periodic reversal of thermal fluxes inside TEG due 
to thermal inertia the amount of heat passing from the hot to cold junctions is considerably reduced.   

Formally, it can be said that periodic transient mode of TEG proposed here can essentially 
improve TEG performance, therefore one can expect the increase of both efficiency and the useful 
power produced.  

References 
1. E.K.Iordanishvili, V.P.Babin, Unsteady-State Processes in Thermoelectric and Thermomagnetic 

Energy Conversion Systems (Moscow: Nauka, 1983), 216 p. 
2. A.F.Ioffe, L.S.Stilbans, E.K.Iordanishvili, and T.S.Stavitskaya, Thermoelectric Cooling 

(Moscow: USSR Acad. Sci., 1956). 
3. E.K.Iordanishvili, Thermoelectric Power Supplies (Moscow: Sov. Radio, 1968). 
4. A.A. Snarskii, I.V. Bezsudnov, Rotating Thermoelectric Device in Periodic Steady State, Energy 

Conver 94, 103 – 111 (2015). 
5. Ming Ma, Jianlin Yu, and Jiaheng Chen, An Investigation on Thermoelectric Coolers Operated 

with Continuous Current Pulses, Energy Conver 98: 275 – 281 (2015).  
6. Nguyen Q. Nguyen, Kishore V. Pochiraju, Behavior of Thermoelectric Generators Exposed to 

Transient Heat, Applied Thermal Engineering 51, 1 – 9 (2013). 

Submitted 30.06.2016. 



<<
  /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


