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Entransy, a recently developed concept, is the central physical quantity characterizing heat transfer processes not related to 
heat-to-work conversions. The entransy of an object pertains to the nature of the potential energy of heat in a thermal field and 
describes its heat transfer ability. In the present study, we revisit this concept, and develop its relationship to state and process 
quantities. This then enables a direct comparison to the more familiar concept, entropy, the central physical quantity in thermody-
namics. The comparison helps to identify the role entransy has in heat transfer processes and highlight under what conditions state 
and process quantities related to entransy can be distinguished in such processes. As to embody the entransy loss due to work 
expended between the system and its environment for the irreversible heat conduction in gases, new quantities, available entransy 
flow and available system entransy are introduced. Both the entransy of solids and the available system entransy of gases are state 
quantities and their changes correspond to the entransy flow and the available entransy flow respectively. Thus there is no need to 
stress the difference between process quantity and state quantity in heat transfer. 

entransy, available entransy, state quantity, process quantity 
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Entransy [1] is a new physical quantity characterizing heat 
transfer that pertains to the nature of potential energy and 
describes heat transferability of a system. Based on the 
thermomass theory, entransy represents the potential energy 
of thermomass [2,3]. Entropy, in addition to energy, is a 
central physical quantity in thermodynamics. It is a measure 
of the irreversibility of a process and a criterion describing 
the thermal equilibrium of a system. It also represents the 
degree of disorder within a system. The minimum principle 
of entropy generation is also an important criterion in pro-
cess optimization. Because of its general features, the en-
tropy concept has been extended to many other fields, such 
as thermodynamic optimization, quantum theory, and in-
formation theory [4]. These extended applications have al-
ready lead to great advancements, but doubts have arisen. 
For example, in the optimization of heating or cooling de-
vices, minimum entropy generation does not always corre-
spond to best performance [5–7]. To address this discrep-

ancy, Guo et al. proposed a new physical quantity—    
entransy [1]. Based on this concept, it is now possible to 
characterize heat transfer efficiency. Taking the entransy 
concept a step further, entransy dissipation, a measure of 
heat transfer irreversibility, forms the basis for a new prin-
ciple of least action called the extremum principle of en-
transy dissipation [8]. These concepts have successfully 
been used in the optimization of heat conduction [9,10], 
heat convection [11,12] and heat radiation [13,14]. 

Comparing entransy and entropy, two questions neces-
sarily arise. First, is entransy a state quantity? Second, are 
there differences between the state quantity and the process 
quantity in heat transfer? If there are, then why have these 
two heat transfer quantities never been distinguished?  

1  Is entransy a state quantity? 

1.1  System entransy 

In [1], the entransy of an object is identified as 
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where T is the temperature, and U the internal energy of a 
system. Because volume changes are not usually considered 
in heat transfer, eq. (1) represents the entransy of a system 
under constant volume. As T and U are both state quantities, 
this expression is obviously a state quantity. However, this 
form of the definition is different from that for entropy in 
two aspects: (1) the definition of entropy is in a differential 
form; and (2) entropy is defined by a relationship involving 
state and process quantities. To make a more direct com-
parison, entransy needs to be defined in a similar form to 
entropy. The concept of entransy for this reason needs to be 
revisited. 

1.2  Clausius entropy and its improvement 

Clausius defined entropy [15] as the quotient of the process 
quantity, Q, and the state quantity, Kelvin temperature T, 
in a reversible process 
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where S is the system entropy δ /Q T is the entropy flow, 

and the subscript ‘rev’ signifies the quantities related to a 
reversible process. 

Wu [16] extended this definition to include changes in 
entropy associated with work 
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where dSu= d /U T is the quotient of the internal energy and 
temperature, and dSw= d /p V T is that of the work output 

and temperature; these terms are both related to state quan-
tities of a system. 

As Q is a process quantity, its product with the state 
quantity 1/T should essentially be a process quantity. How-
ever, only in reversible processes does the entransy flow, 

rev(δ / )Q T , correspond to a state quantity of a system. In 

that case, rev(δ / )Q T  can be identified as an exact differen-

tial dS of the state quantity S of the system. 

1.3  Does the entransy flow correspond to a state  
quantity of a system? 

The entransy flow is defined as the product of heat and 
temperature under reversible conditions  

   *

rev
δ δ .T Q G  (4) 

Whether the entransy flow, G*, corresponds to the state 
quantity of a system is unknown. Here we use the symbol 
“” rather than “d” to indicate that G* may be an inexact 

differential. 
For a system not changing volume, the first law of ther-

modynamics leads to 
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Multiplying eq. (5) by temperature, T, results in 
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Eq. (6) tells us that under reversible conditions the en-
transy flow in the absence of volume change corresponds to 
a state quantity of the system. In this case, G is called the 
system entransy.  

For a system undergoing volume change, the first law of 
thermodynamics, however, leads to 

 δ d δ ,Q U W   (7) 

and the ideal gas equation of state gives 

 .PV nRT  (8) 

Multiplying eq. (7) by temperature, T, and substituting eq. 
(8) into eq. (7) yields 
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where p, V, T, n, and R are the pressure, volume, tempera-
ture, molar quantity, and gas constant of the system, respec-
tively; U is the internal energy of the system, and W is the 
process work. 

Because the last term of eq. (9) cannot be simplified as a 
single-valued function of certain state quantity, the process 
quantity (TQ)rev does not correspond to a state quantity of 
the system and thus cannot be identified as such. 

2  Available entransy 

2.1  Available energy (exergy) in thermodynamics 

In thermodynamics, available energy can be divided into the 
available energies of heat and of the system. For heat, Q, its 
maximum capacity of doing work at ambient temperature, 
T0, is defined as its available energy, that is heat exergy 
[16,17] 
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where T is the temperature of the heat source from which 
the heat is removed, and Ex,Q is the heat exergy. 

For a thermodynamic system (i.e. a closed system) 
changing under some reversible processes from a certain 
state to an equilibrium state within an environment, its 
maximum capacity for doing work is defined as its available 
energy, that is the system exergy [16,17] 
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where (p0, T0, V0, U0, S0) is the state of the environment, and 
(p, T, V, U, S) is the initial state. Therefore, the system ex-
ergy is a state quantity of the combined system (i.e. system 
and environment). 

2.2  Available energy and available entransy in heat 
transfer 

(i) Available energy of heat for object heating.  In a 
heat-to-work conversion process, only a part of the input 
heat can be used to do work. The available energy of heat 
(i.e. conversion available energy) is identified as its maxi-
mum capacity of doing work (i.e. the work output in a Car-
not cycle). Similarly, within thermodynamics, the concept 
of available energy in heat transfers also exists. For a sys-
tem at constant volume, the input heat can be used to in-
crease the system temperature and equals the change in the 
internal energy of a system. For a system changing volume, 
the input heat cannot all be used to increase the temperature 
of a system if there is work exchange with the outside. 
However, the maximum energy that can be used to heat 
objects equals the input heat itself (such as in an isochoric 
process); that is, all the input heat can be used to heat ob-
jects. This means the available energy in a heat transfer is 
one hundred percent of the heat and corresponds to the 
change in the internal energy of a system undergoing an 
isochoric process. Therefore, we have 

    
rev,ava V
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(ii) Available entransy.  For a system for which volume 
can change, a portion of the entransy flow will be converted 
into work entransy, TW, given in eq. (9), which makes no 
contribution to the heating or cooling of an object. TdU is 
the available portion of the entransy flow, i.e. the available 
entransy flow. Hence, we have  

   avarev,ava
δ d d .T Q T U G   (13) 

Eq. (13) shows that the available entransy flow can be 
associated with a state quantity of system, Gava, which is 
identified as the available entransy of the system. In ther-
modynamics, the maximum capacity for doing work is 
identified as the system exergy, also called the available 
energy for heat-to-work conversion, whereas in heat transfer 
the maximum capacity of transferring heat is identified as 
the available entransy, and is similarly called the available 
entransy for heat transfer. 

3  Process quantity and state quantity 

In thermodynamics, it is a requirement to distinguish the 
state quantity from the process quantity, because in the 
thermodynamic cycle for heat-to-work conversion with a 
gas as medium, two process quantities, i.e. heat and work, 

correspond to one state quantity of the system whereas 
those two process quantities are distinct and cannot be di-
rectly summed. Thus, under normal circumstances, the 
change in a certain process quantity does not equate to the 
change in state quantity of the system; hence, it is necessary 
to distinguish the state quantity and process quantity in 
heat-to-work conversion processes.  

In a heat transfer process, however, we do not have to 
consider changes in the system volume. Therefore, the state 
quantity of the system only corresponds to a certain process 
quantity; that is, a change in the process quantity equates to 
an equal change in the corresponding state quantity. Hence, 
distinguishing state and process quantities is unnecessary. 
Similarly, for a heat transfer process in which the volume of 
the medium (i.e. system) changes, the applied work result-
ing from volume change makes no contribution to the sys-
tem’s capacity in heating or cooling objects, whereas only 
the available portion of heat and entransy should be consid-
ered. Under reversible conditions, the available heat energy 
and available entransy flow correspond to the internal en-
ergy and available entransy of system, respectively. Thus, it 
is not necessary to distinguish the state and process quanti-
ties. 

4  Conclusions 

(1) In heat transfers, differences between state quantity and 
process quantity exist. The entropy flow, Q/T, under re-
versible conditions is essentially a process quantity; howev-
er, it corresponds to a state quantity of the system and can 
be identified as the system entropy S. The entransy flow, 
TQ, is a process quantity. For heat conduction in the ab-
sence of volume change under reversible conditions, it also 
corresponds to a state quantity and can be identified as the 
system entransy, G.  

(2) New physical quantities, viz. heat transfer available 
energy and available entransy, are identified. For gases, heat 
and entransy flow do not correspond to state quantities even 
under reversible conditions, but the available energy of heat 
transfer and available entransy flow correspond to the 
change in the internal energy and available system entransy, 
respectively.  

(3) In heat transfer processes, only available heat and 
available entransy need to be considered; both correspond to 
state quantities of a system. Therefore, it is unnecessary to 
distinguish the state quantity and process quantity. 

This work was supported by the Tsinghua University Initiative Scientific 
Research Program. 

1 Guo Z Y, Zhu H Y, Liang X G. Entransy—a physical quantity de-
scribing heat transfer ability. Int J Heat Mass Transfer, 2007, 50: 
2345–2556 

2 Cao B Y, Guo Z Y. Equation of motion of a phonon gas and non- 



 Hu G J, et al.   Chinese Sci Bull   September (2011) Vol.56 No.27 2977 

Fourier heat conduction. J Appl Phys, 2007, 102: 053503 
3 Guo Z Y, Cao B Y. A general heat conduction law based on the con-

cept of motion of thermal mass (in Chinese). Acta Phys Sin, 2008, 57: 
4273–4280  

4 Shannon C E. A mathematical theory of communication. Bell Syst 
Tech J, 1948, 27: 379–423, 623–656 

5 Liu X B, Meng J A, Guo Z Y. Entropy generation extremum and en-
transy dissipation extremum for heat exchanger optimization. Chi-
nese Sci Bull, 2009, 54: 943–947 

6 Guo Z Y, Liu X B, Tao W Q, et al. Effectiveness-thermal resistance 
method for heat exchanger design and analysis. Int J Heat Mass 
Transfer, 2010, 53: 2877–2884 

7 Liu X B, Guo Z Y. A novel method for heat exchanger analysis (in 
Chinese). Acta Phys Sin, 2009, 58: 4766–4771  

8 Cheng X G. Entransy and Its Applications in Heat Transfer Optimi-
zation (in Chinese). Beijing: Tsinghua University, 2004. 39–44 

9 Guo Z Y, Cheng X G, Xia Z Z. Least dissipation principle of heat 
transport potential capacity and its application in heat conduction op-
timization. Chinese Sci Bull, 2003, 48: 406–410 

10 Chen L G, Wei S H, Sun F R. Constructal entransy dissipation mini-

mization for ‘volume-point’ heat conduction. J Phys D: Appl Phys, 
2008, 41: 195506 

11 Chen Q, Wu J, Ren J X. Thermodynamic and heat transfer optimiza-
tion of convective heat transfer (in Chinese). J Eng Thermophys, 
2008, 29: 271–274  

12 Chen Q. Irreversibility and Optimization of Convective Transport 
Processes (in Chinese). Beijing: Tsinghua University, 2008 

13 Wu J, Liang X G. Application of entransy dissipation extremum 
principle in radiative heat transfer optimization. Sci China Ser E- 
Tech Sci, 2008, 51: 1306–1314 

14 Cheng X T, Liang X G. Entransy flux of thermal radiation and its ap-
plication to enclosures with opaque surfaces. Int J Heat Mass Trans-
fer, 2011, 54: 269–278 

15 Clausius R. Über die bewegende Kraft der Wärme, Part I, Part II (in 
German) I. Annalen der Physik, 1850, 79: 368–397, 500–524 

16 Wu J. Potential energy (Entransy) in thermal science and its applica-
tion (in Chinese). Disseration for the Doctoral Degree. Beijing: 
Tsinghua University, 2009. 82–83, 107–111  

17 Shen W D, Jiang Z M, Tong J G. Engineering Thermodynamics (in 
Chinese). 3rd ed. Beijing: Higher Education Press, 2001 

 
Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction 

in any medium, provided the original author(s) and source are credited. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


