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The entransy and entransy dissipation extremum principle proposed have opened up a new direction for the heat transfer optimi-
zation. The emergence and development of entransy theory are reviewed. Entransy theory and its applications are summarized 
from several aspects, such as heat conduction, heat convective, heat radiation, heat exchanger design and mass transfer, etc. The 
emphases are focused on four aspects, i.e., the comparison between entropy generation rate and entransy dissipation rate, the 
combination of entransy dissipation extreme principle with finite time thermodynamics, the combination of entransy dissipation 
extreme principle with the heat conduction constructal theory, and the combination of entransy dissipation extreme principle with 
the heat convective constructal theory. The scientific features of entransy theory are emphasized.  

entransy theory, entransy dissipation extreme principle, entropy generation rate, finite time thermodynamics, constructal 
theory, generalized thermodynamic optimization  

 

Citation:  Chen L G. Progress in entransy theory and its applications. Chin Sci Bull, 2012, 57: 44044426, doi: 10.1007/s11434-012-5477-4  
 

 

 
Influenced by oil crisis in the 1970’s directly, the heat 
transfer enhancement was world-widely paid attention by 
the scientific community, and was quickly developed into 
one of very important branches in thermal science and 
technology fields. With the progress of social development 
ideas, such as sustainable development, low-carbon tech-
nology and low-carbon economy, the concept of heat trans-
fer enhancement has developed into a broader scope con-
cept of heat transfer optimization [1]. In the past 30 years, 
the basic theory of heat transfer optimization has been made 
considerable progresses, and finite-time thermodynamics, 
field synergy principle, constructal theory as well as entransy 
theory are the representative achievements. The emergences 
of these theories promoted the developments of thermody-
namics and heat transfer. Finite-time thermodynamics, 
which combined thermodynamics, heat transfer and fluid 
mechanics, provided a theoretical fundament for perfor-
mance optimizations of practical processes and devices with 
the constraints of a finite size and finite time. Field synergy 
principle unified the essential physical understandings of 
convective heat transfer and heat transfer enhancement 

phenomena, and provided a theoretical fundament for the 
development of heat transfer enhancement technology to 
achieve better energy saving effects. Constructal theory, 
which was called the thermodynamics of non-equilibrium 
system with configuration in the field of thermal science, 
provided a theoretical fundament for the unified descrip-
tions of the generation of flow structures in natural organi-
zation and the designs of various flow structures. Fourier’s 
law of heat conduction, Newton’s law of cooling and Ste-
phen-Boltzmann law of blackbody radiation only gave the 
concept of heat transfer rate, while the concepts of entransy 
and entransy dissipation lay the foundation of defining the 
concept of heat transfer efficiency which did not appear in 
the heat transfer theory before. Entransy theory provided a 
new theoretical fundament for heat transfer optimization, 
which is different from that of the entropy generation mini-
mization.  

1  Emergence and development of the entransy 
theory 

For the shortcomings in existing theories of heat transfer, 
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based on the essence of heat transport phenomenon, Guo et 
al. [2] defined heat transport potential capacity and heat 
transport potential capacity dissipation function, and point-
ed out that their physical meanings correspond to the total 
heat transfer capability and the dissipation rate of heat 
transfer capability. By analogy between heat conduction 
process and electrical conduction process, Guo et al. [3,4] 
pointed out that the heat transport potential capacity is a 
new physical quantity, which corresponds the electric po-
tential and can describe the total heat transfer ability of an 
object, and termed it as entransy. The loss of heat transfer 
ability in heat transfer process was termed as entransy dis-
sipation, and the entransy dissipation extremum principle 
was proposed. The entransy and entransy dissipation extre-
mum principle proposed opened a new direction for heat 
transfer optimization, and overcame the limitations and in-
accuracy to evaluate heat transfer performance by the con-
cepts of traditional thermal resistance and entropy genera-
tion. By analogy heat transfer with mechanics and electrics, 
Guo [5] introduced some new physical quantities for ther-
mal quantity, such as potential, potential energy, velocity 
and kinetic energy, established conservation equations of 
thermal movement, and further perfected the theoretical 
system of heat transfer.  

Based on the classical analogy between processes of heat 
conduction and electrical conduction, Guo et al. [3–5] de-
fined a new physical quantity–entransy, which phenomeno-
logically corresponded to electrical energy in electrical ca-
pacitor (it was also called heat transport potential capacity 
in [2])  

 2,Vh VhE Q T  (1) 

where QVh=McVT is the constant volume heat capacity and T 
is the temperature of the object.  

Heat transfer efficiency (entransy transfer efficiency) 
was defined as [6]  
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The entransy dissipation rate per unit time and volume, 
i.e., the entransy dissipation function, was [3–5] 

  2
,h q T k T      (3)   

where q  is the heat flux vector and T  is the tempera-

ture gradient.  
The entransy dissipation rate of the whole volume is  

 d .Vh h
V
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Based on the concept of entransy dissipation rate, the 
equivalent thermal resistance of multi-dimensional complex 
heat conduction problems was further defined as [3–5]  

 2 ,h Vh hR E Q 
  (5) 

where hQ  is the heat flux through the boundary of the 

control volume. The corresponding mean temperature dif-
ference T  is [3–5]  

 .h hT R Q     (6) 

From the heat conduction differential equation, Cheng et 
al. [7] established the variational principle corresponding to 
entransy by the method of weighted residuals, and pointed 
out that the temperature difference achieved its minimum 
when the entransy dissipation rate achieved its minimum for 
a fixed heat flux. The expression is  

    21
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For the specified heat conduction temperature difference, 
the heat flux achieves its maximum as the entransy dissipa-
tion rate achieves its maximum. The expression is  

  21
d 0.
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V
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Refs. [3,4] summarized it as entransy dissipation extre-
mum principle which states that “for a fixed boundary heat 
flux, the heat conduction process is optimized when the 
entransy dissipation is minimized (minimum temperature 
difference); while for a fixed boundary temperature, the 
heat conduction process is optimized when the entransy 
dissipation is maximized (maximum heat flux)”. The en-
transy dissipation extremum principle can be concluded as 
the minimum thermal resistance principle [3,4] which states 
that “for heat conduction problems with specified con-
straints (for instance, a limited amount of high conducting 
material in the substrate), the heat conduction of an object 
will reach its optimal (maximum heat flux for a fixed tem-
perature difference or the minimum temperature difference 
for a fixed heat flux) if its equivalent thermal resistance of 
the domain achieves its minimal”. The definition of equiva-
lent thermal resistance and the establishment of minimum 
thermal resistance principle provided the scientific funda-
ment for the performance evaluations of practical heat 
transfer processes and equipments.  

Many scholars showed strong interesting in the entransy 
and the entransy dissipation extremum principle, and further 
expounded the physical meaning of entransy from physical 
mechanism of heat conduction and electrothermal simula-
tion experiment. A series of in-depth researches have been 
carried out in various directions, such as heat conduction, 
heat convection and heat exchanger, mass transfer, complex 
transfer process, phase change and radiative heat transfer. 
According to a incomplete statistics, more than 100 related 
literatures had been published until August 2011, including 
monographs and corpuses [1,8], review articles [9–11] and 
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doctoral dissertations [12–22].  

2  The connotations of entransy and entransy 
dissipation extremum principle 

Entransy represents the total heat transfer ability of an ob-
ject. In the heat transfer process, heat is conserved, but the 
heat transfer ability–entransy is dissipative. Entransy dissi-
pation in heat transfer is similar to the dissipation of me-
chanical energy in fluid flow process [1]. If the entransy 
dissipation in heat transfer process achieves its extremum, 
the heat transfer efficiency is the highest and the heat trans-
fer process is the best. The equivalent thermal resistance 
defined based on entransy dissipation is an index to evaluate 
the overall heat transfer performance of the system which is 
suitable for complex heat conduction problems, such as 
multi-dimensional and unsteady state ones or those with the 
internal heat source. It is more universal than the thermal 
resistance defined based on the analogy of ohm’s law (tem-
perature difference divided by heat flux). The mean temper-
ature difference of the system can be effectively reduced by 
taking the minimization of equivalent thermal resistance as 
optimization objective, and the overall heat transfer perfor-
mance of the system can be optimized. The optimal perfor-
mance obtained based on equivalent thermal resistance 
minimization corresponds to the highest heat transfer effi-
ciency. It is obvious that the concepts of entransy and en-
transy dissipation reflect essential property of heat transfer, 
and are recent advances of the second law of thermody-
namics. The entransy dissipation extremum principle lays a 
new foundation for heat transfer optimization theory, which 
is not only different from the traditional heat transfer en-
hancement techniques, but also different from the entropy 
generation minimization.  

3  Present status of entransy and entransy dis-
sipation extremum principle 

The researches on entransy and entransy dissipation extre-
mum principle can be divided into the following aspects. 

3.1  Physical meanings of entransy 

Han et al. [23] made the analogy among heat conduction sys-
tem, elastic mechanics system and electrical system, and 
found that the three different systems have the same behavior 
in transport aspect. Han and Guo [24] proposed the concept 
of thermal work to describe the potential capacity in transfer 
process, and deemed that the potential capacity dissipative 
mechanism is that the thermal work made by the temperature 
of the heat releasing object is more than that of the heat ab-
sorbing one. Zhu et al. [25] established electro-thermal simu-
lation device, and verified the entransy dissipation extremum 

principle of heat conduction optimization. The experiments 
showed that the distributions of the high thermal conductive 
material leading to the optimal heat conduction performance 
are in agreement with those of numerical simulation results. 
Cheng et al. [26,27] provided micro statement of entransy 
and the entransy decrease principle of heat transfer process in 
an isolated system. Hu and Guo [6,28] defined the efficiency 
of heat transfer process [6] and proposed the concepts of sys-
tem entransy and available entransy [28]. Liu et al. [29] and 
Xu [30] discussed the problems of thermodynamic founda-
tion of entransy and entransy dissipation.  

3.2  Heat conduction  

Guo et al. [2] optimized the wire insulation layer cooling 
and volume-point cooling problems by taking the minimum 
dissipation principle of heat transport potential capacity 
(minimum entransy dissipation rate), and the results showed 
that the more uniform temperature gradient is, the smaller 
the heat transfer potential capacity dissipation and the higher 
heat transfer efficiency become. For volume-point cooling 
problem, Cheng et al. [31] compared the two different meth-
ods of entropy generation minimization and transfer poten-
tial capacity dissipation minimization by numerical calcula-
tions, and the results showed that the optimization based on 
transfer potential capacity dissipation minimization can be 
more effective to improve the heat transfer efficiency, while 
the optimization based on entropy generation minimization 
is actually to reduce exergy loss. For heat conductive plate 
and circular tube, Han and Guo [32] performed heat con-
duction optimization based on potential capacity dissipation 
and entropy generation, respectively, and the results showed 
that optimization based on potential capacity dissipation 
minimization required a constant temperature gradient along 
the heat transfer direction and the system achieved its 
maximum heat transfer ability; while the optimization based 
on entropy generation minimization required a constant gra-
dient of natural logarithm of temperature along the heat 
transfer direction and the system achieved its minimum ex-
ergy loss. Zhang and Liu [33] established a geometric aver-
age temperature function to describe cooling effect, and com-
pared it with the mean temperature difference based on en-
transy dissipation. Chen et al. [34] discussed the relationship 
between heat conduction irreversibility and thermal conduc-
tivity of porous medium based on entransy dissipation, and 
optimized the heat conduction process of porous medium. 
The results showed that thermal conductivity of porous me-
dia not only affected the heat transfer ability of porous me-
dia, but also its heat conduction irreversibility. Cheng et al. 
[35] discussed the uniformity problems of the temperature 
field and temperature gradient field.  

3.3  Heat convection 

For the fixed viscous dissipation, Meng [12] derived field 
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synergy equations of steady laminar flow heat transfer by 
taking the heat transport potential capacity dissipation ex-
tremum as the optimization objective and using the varia-
tional method. Based on [12], some scholars used the en-
transy (heat transport potential capacity) dissipation extre-
mum principle to carry out heat transfer optimizations of 
convective heat transfer processes. Su et al. [36,37] verified 
the correctness of the field synergy equation by adopting the 
laminar air convective heat transfer model with two-dimen-     
sional square cavity and comparing the heat transfer results 
of optimal velocity field and other flow fields. Numerical 
method was introduced to solve the convective heat transfer 
of the water in a cylinder with uniform internal heat source 
and boundary conditions similar with the actual mixer, and 
a velocity distribution with multiple vortexes and reasona-
ble regulation was obtained. Meng et al. [38] derived the 
control equations of optimal velocity field for laminar con-
vection heat transfer using the variational method, and 
pointed that the optimal flow field of maximum heat con-
vection coefficient inside a tube should be multiple longitu-
dinal vortex structure with uniform wall temperature condi-
tion. Wu et al. [39] derived the field synergy equation of 
laminar convective heat transfer with steady-state and with-
out internal heat source based on minimum entropy genera-
tion and by using the method analogous to the deduction the 
field synergy equation when potential capacity dissipation 
achieved its extremum. They optimized the square cavity 
convective heat transfer problems based on two different 
criteria of entropy generation minimization and potential 
capacity dissipation extremum principle. The results showed 
that the heat transfer effect based on potential capacity dis-
sipation extremum principle was better than that based on 
entropy generation minimization. Wei [40] determined the 
upper and lower bounds of the time-averaged entransy dis-
sipation in turbulent convection with volumetric heat source, 
and the bounds reflect the effect of volumetric heat source 
on the entransy dissipation in turbulent convection. Chen 
and Xu [41] derived the local entransy dissipation formula 
of general convective heat transfer according to entransy 
dissipation, thermodynamics and fluid mechanics. Chen et 
al. [42,43] analyzed the convective heat transfer with two 
different boundary conditions using entropy generation 
minimization principle and entransy dissipation extremum 
principle. They pointed out that entropy generation minimi-
zation principle should be adopted for the heat transfer 
problem aiming on reducing exergy loss, while entransy 
dissipation extremum principle should be adopted for that 
aiming on improving heat transfer ability. Chen and Ren [44] 
introduced the concepts of heat flux weighted average tem-
perature and heat flux weighted average temperature dif-
ference of multi-dimensional heat transfer system, defined 
the ratio of heat flux weighted average temperature differ-
ence to total heat flux as a generalized thermal resistance of 
heat transfer process, and optimized the two-dimensional 
square cavity convective heat transfer process with constant 

wall temperature. Wang et al. [45] derived the entransy 
transfer equation, which was used for describing the multi- 
component viscous flow system (including heat conduction, 
heat convection, mass transfer and chemical reaction pro-
cesses), and discussed the heat transfer optimization theory 
and method by using entransy transfer equation in steady- 
state convective heat transfer process. Xu et al. [46] dis-
cussed the problem of entransy dissipation rate in convec-
tive heat transfer. Song et al. [47,48] discussed the optimi-
zation problems of convective heat transfer with flue gas 
condensation in rectangular passage and pipe.  

3.4  Heat exchanger 

Song et al. [49] optimized the heat transfer processes of 
one-dimensional two-stream and three-stream heat exchangers 
based on extransy dissipation extremum principle, and the 
results showed that the temperature difference field between 
hot and cold fluids should be completely uniform either 
perusing minimum entransy dissipation with fixed heat 
transfer quantity or perusing maximum heat transfer quan-
tity with fixed entransy dissipation, which proved the cor-
rectness of the temperature difference field uniformity prin-
ciple. Cheng et al. [50] established the relationship between 
the temperature difference field uniformity factor and the 
entransy-dissipation-based thermal resistance, found that the 
larger temperature difference field uniformity factor corre-
sponded to the less thermal resistance as well as the larger 
effectiveness of heat exchanger, which proved the correct-
ness of temperature difference field uniformity principle 
directly. Liu et al. [51] proposed the definitions of the 
equivalent thermal resistance and thermal resistance factor 
of heat exchangers based on entransy dissipation, estab-
lished the heat exchanger analysis method based on this 
thermal resistance, and discussed the effects of number of 
heat transfer units and heat capacity ratio on the heat ex-
changer thermal resistance. Liu and Guo [52] and Guo et al. 
[53] established the relationship between heat transfer irre-
versibility and effectiveness by using the heat exchanger 
equivalent thermal resistance based on entransy dissipation, 
derived a unified functional relationship of heat exchanger 
effectiveness, equivalent thermal resistance and heat capac-
ity ratio, and pointed out that it was suitable for heat ex-
changers with different flow process layout. Xu et al. [54] 
derived entransy dissipation caused by finite temperature 
difference heat transfer, fluid flow resistance and mixing of 
thermodynamic dissimilar fluids. Liu et al. [55] took two 
countercurrent heat exchangers as examples, i.e., the “only 
for the purpose of heat transfer” one and the “participating 
in irreversible Brayton cycle” one, and pointed out that the 
heat exchanger participating in the conversion of heat into 
work achieved its best when entropy generation achieved its 
extremum, while that only participating in heat transfer 
achieved its best when entransy dissipation achieved its 
extremum. Guo et al. [56] defined a physical quantity,  
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entransy dissipation number, to evaluate heat exchanger 
performance. Chen et al. [57,58] derived the expressions of 
equivalent thermal resistance of heat exchanger networks 
with high and low temperatures based on entansy dissipa-
tion. Qian et al. [59] investigated three typical heat ex-
change networks, and found that the thermal resistance is a 
monotonic function of heat transfer quantity. Cheng et al. 
[60] defined the effectiveness of heat exchanger couple, 
compared the relationships among entropy generation, en-
transy dissipation, heat resistance and the effectiveness of 
heat exchanger couple, and found that only the heat re-
sistance is a monotonic function of the effectiveness of heat 
exchanger networks. Guo et al. [61] proposed the entransy 
dissipation uniformity principle, applied the entransy dissi-
pation extremum principle into the optimal design of shell 
tube and plate fin heat exchangers, and discussed the effect 
of viscous thermal effect in heat exchanger on the entransy 
dissipation [62–67]. The entransy dissipation performance 
of heat exchanger was further analyzed in [68].  

3.5  Radiative heat transfer 

In addition to heat conduction and convective heat transfer, 
radiative heat transfer is another important heat transfer 
mode. Wu et al. [16,69] introduced the concepts of entransy 
and entransy dissipation into radiative heat transfer, pro-
posed the entransy dissipation extremum principle for radia-
tive heat transfer optimization: “for a fixed boundary tem-
perature, the radiative heat transfer is optimized when the 
entransy dissipation is maximized (maximum heat flux), 
while for a fixed boundary heat flux, the radiative heat 
transfer process is optimized when the entransy dissipation 
is minimized (minimum temperature difference)”. They 
optimized the parallel plate with radiative heat transfer. 
Cheng et al. [70–73] performed the isothermal design of 
space radiation device, deduced the minimum radiative en-
transy loss principle, the radiative entransy dissipation ex-
tremum principle and minimum radiative thermal resistance 
principle for the closed radiative heat transfer system, and 
discussed the relationship between the entransy dissipation 
of thermal radiation and homogenization of temperature 
field for thermal radiator in space. 

3.6  Mass transfer 

Based on the analogy between mass transfer and heat trans-
fer phenomenon and analogy to the definition of entransy 
dissipation function of heat transfer, Chen et al. [15,74–77] 
introduced the concept of mass entransy to describe the 
ability to transfer mass outside of an object, and defined the 
mass entransy dissipation function:  

 
2

,m mq Y D Y       (9) 

where qm is mass flow rate, Y is component mass fraction,  
is density, and D is mass diffusivity. Chen et al. [74–77] 

proposed the mass entransy dissipation (ever interpreted as 
mass transfer potential capacity dissipation function in [74]) 
extremum principle, and optimized various processes, such 
as laminar mass transfer [74], photocatalytic oxidation re-
actor, space station ventilation [76,77] and evaporative 
cooling systems [78–80], etc. Chen et al. [81] proposed the 
moisture resistance method for liquid desiccant performance 
analysis and optimization.   

3.7  Other applications 

The concepts of entransy and entransy dissipation were fur-
ther applied into performance optimizations of transport 
network [82–84], spacecraft thermal control fluid parallel 
loop [85,86], lat-plate solar collectors [87], and district 
heating networks [88]. Cheng et al [89,90] analyzed the 
physical phenomena of electrical conduction, heat transfer 
and mass transfer, summed up these into a generalized flow. 
They proposed the concepts of potential entransy, potential 
entransy flow and potential entransy dissipation in general-
ized flow in generalized flow, then developed potential en-
transy decrease principle, and finally established the poten-
tial balance criteria, i.e. the minimum potential entransy loss 
principle, potential entransy dissipation extremum principle 
and minimum generalized flow resistance principle. The 
entransy theory was extended to the generalized flow, 
which further extended the generalized flow by extending 
the entransy.  

4  Similarities and differences between entransy 
dissipation rate and entropy generation rate  

Since entransy was put forward as a new physical quantity 
to describe the heat transfer process, the comparison objec-
tive of entransy was always the entropy. There exist obvious 
differences in both the physical meanings and the descrip-
tion of heat transfer effect.  

4.1  Comparison of physical meanings between entropy 
generation rate and entransy dissipation rate  

(i) The physical meaning of entropy generation rate.  En-
tropy is defined as dS=Q/T, that is, the entropy change of a 
system is equal to the ratio of heat exchange quantity be-
tween system and the outside world to system temperature 
in the irreversible process. Entropy increase principle shows 
that entropy never decreases in any process of the isolated 
system. Assuming that heat flux q  is irreversibly trans-

ferred from the high-temperature heat source TH to the low 
temperature heat sink TL, the entropy generation rate of the 
heat transfer process is  

 gen 2

1 1
.

L H L L

q T
S q

T T T T T

  
      

   (10) 
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Entropy generation rate is a parameter closely related to 
the second law of thermodynamics. The physical meanings 
of entropy generation rate in heat transfer process can be 
described by combing with the second law of thermody-
namics. 

The Clausius statement of the second law of thermody-
namics is expressed as: Heat can not spontaneously transfer 
from the low temperature object to the high temperature 
object without paying the price. The Clausius statement of 
the second law of thermodynamics describes the irreversi-
bility of heat transfer process. According to the Clausius 
statement of the second law of thermodynamics, if the heat 
flux q  is transferred from heat sink TL to the heat source 

TH, there must be input work from the outside. The heat flux 
q  transferred is consisted of two parts: heat flux released 

by heat sink Lq  and input power P from the outside world.  

The Kelvin statement of the second law of thermody-
namics is expressed as: It is impossible to produce a heat 
engine which absorbs heat from a single heat source and 
transform the heat all into work without any other changes. 
The Kelvin statement of the second law of thermodynamics 
points out that when the temperature difference between 
heat source TH and heat sink TL is T, if the heat flux re-
leased by heat source is q , the power available between 

heat source and heat sink is P, and the heat flux absorbed by 
heat sink TL is Lq . If the heat flux transferred from heat 

source HT  to heat sink TL is q , the power lost is P. 

The Clausius statement and the Kelvin statement of the 
second law of thermodynamics are consistent. The power P 
provided by outside world in the Clausius statement is equal 
to the power lost P in the Kelvin statement, and they are 
called as the power loss. The heat transfer process with 
temperature difference T is irreversible, and there must 
exist work ability loss. Entropy represents the work ability 
loss, and the entropy generation rate is the linear reflection 
of power loss P in heat transfer process:  

 
  gen1 .L

L
H L

T q T
P q T S

T T T

  
        

   (11) 

(ii) The physical meanings of entransy dissipation rate 
[14].  Assuming the heat flux q  irreversibly transfers 

from heat source TH to heat sink TL (T=THTL), according 
to eq. (4), the entransy dissipation rate of the heat transfer 
process is: 

   .h H LE q T T q T        (12) 

According to phonon gas equation of state, Guo et al. [91] 
and Zhu et al. [14] established relationship between entransy 
and the energy of phonon gas thermal motion: 
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where Ec represents the thermal energy of equivalent mass 
of phonon gas, and Pc represents the pressure of phonon 
gas. 

Eq. (13) indicates that although the entransy is not the 
real energy, the amount of entransy is proportional to the 
energy of phonon gas thermal motion. When thermal mo-
tion energy is regarded as mass according to relativity mass- 
energy formula, the energy produced by the thermal motion 
of the “thermal mass” has real physical meanings for energy, 
and its unit is J. Eq. (14) indicates that entransy is propor-
tional to the pressure of phonon gas. The phonon gas pres-
sure is the driving force to make the phonon gas flow. The 
phonon gas flow means transport of the energy. The higher 
the pressure, the stronger the trend of the phonon gas flows 
to the outside world, and the stronger the heat transfer abil-
ity of an object. Eq. (14) deeply reflects that entransy essen-
tially represents the ability of an object to transfer heat out-
side, and entransy dissipation rate is the lost of this ability in 
the heat transfer process.  

4.2  Comparison between entransy dissipation rate and 
entropy generation rate in reflecting heat transfer effect 

According to eq. (10), entropy generation rate genS  is not 

only related to T and q , but also the TL. For given con-

stant T and q , the relationship between genS  and TL is 

shown in Figure 1. genS  decreases as TL increases. For 

given constant TL and T, the relationship between genS  

and q  is shown in Figure 2. genS  linearly increases with 

the increase in q . For given constants TL and q , the rela-

tionship between genS  and T is shown in Figure 3. genS  

increases as T increases, but not linear one. The increment 
decreases as T increases.  

According to eq. (12), entransy dissipation rate does not 
relate to TL, but only relates to q  and T. For given con-

stant q , hE   linearly increases with the increase in T. 

For given constant T, hE   linearly increases with the 

increase in q . The relationship is shown in Figure 4.  

The problems of heat transfer enhancement are com-
monly divided into two cases: for given temperature differ-
ence boundary, heat transfer effect is improved as the heat 
flux increases; for given heat flux boundary, heat transfer 
effect is improved as the temperature difference decreases. 
By comparing the heat transfer enhancement objectives, i.e., 
entropy generation rate and entransy dissipation rate, one 
can derive the following conclusions [3,4,92,93].  

(1) Entropy generation rate is a quantity related to  
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Figure 1  The relationship between genS  and TL with constant T.  

 

Figure 2  The relationship between genS  and q  with constant T. 

 

Figure 3  The relationship between genS  and T with constant q . 

environment temperature. For heat transfer processes with 
the same given heat flux and temperature difference but 
different environment temperatures, the heat transfer abili-
ties are the same, but entropy generation rates are different. 
Entropy generation rate can not reflect the heat transfer 
ability for heat transfer processes with different environ-
ment temperatures. Entransy dissipation rate is only related  

 

Figure 4  The relationship between hE 
  and T with constant q  (The 

relationship between hE 
  and q  with constant T). 

to heat flux and temperature difference, so it can reflect the 
heat transfer ability for heat transfer processes with different 
environment temperatures. These are shown in Figures 1 and 4.  

(2) For heat transfer processes with the same given envi-
ronment temperature and temperature difference, both en-
tropy generation rate and entransy dissipation rate linearly 
increase with the increase in heat flux. Entropy generation 
rate and entransy dissipation rate are identical in reflecting 
the heat transfer ability. These are shown in Figures 2 and 4. 

(3) For heat transfer processes with the same given envi-
ronment temperature and heat flux, entropy generation rate 
increases as temperature difference increases, but the incre-
ment is becoming slower, and entropy generation rate will 
come close to a constant value Q/TL. This means that entropy 
generation rate is not a linear function of temperature dif-
ference, while that of the entransy dissipation rate is a linear 
one, which is superior to entropy generation rate in describ-
ing heat transfer effect. These are shown in Figures 3 and 4.  

(4) For heat transfer processes with small heat transfer 
temperature difference and the small temperature difference 
of the environment temperature, entropy generation rate can 
approximately and linearly reflect the change of tempera-
ture difference. Entropy generation rate and entransy dissi-
pation rate are approximately identical in reflecting the heat 
transfer ability. These are shown in Figure 3. 

(5) Minimum entropy generation rate corresponds to the 
optimization objective of minimum reciprocal of temperature 
(thermodynamic potential), while minimum entransy dissipa-
tion rate corresponds to that of minimum local temperature.  

From the analyses mentioned above, without the premise 
to achieve minimum work loss, entransy dissipation rate is 
more suitable in describing heat transfer than entropy gen-
eration rate. 

5  Combination of entransy theory with finite- 
time thermodynamics 

The finite-time thermodynamics is a physical theory, which 
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combines the heat transfer, fluid mechanics, thermodynam-
ics and other transport sciences. It focuses on reducing the 
irreversibility of various transport processes with various 
finite potential differences (temperature difference, pressure 
difference, chemical potential difference, etc.) and the availa-
bility loss of the total system. The performances of practical 
processes, cycles and equipments with irreversibilities ex-
isting in the heat transfer, mass transfer, fluid flow and other 
transport phenomenon have been optimized with the con-
straints of finite-time and /or finite-size. It is also called as 
thermodynamic optimization or entropy generation mini-
mization in engineering. Finite-time thermodynamics is 
widely used in the fields of heat transfer processes, heat 
engines, refrigerators, heat pumps, light-driven engine, quan-
tum thermodynamic systems, direct energy conversion de-
vices, fluid flow processes, heat exchangers, combustion 
and chemical reaction processes, thermal insulation systems, 
distillation and separation processes, energy storage systems 
and time-dependent on/off processes [94–114]. Obliviously, 
by combing entransy theory with finite-time thermodynam-
ics to optimize heat and mass transfer processes, one can 
obtain different results [22,115–118]. 

5.1  Entransy dissipation rate minimization for heat 
exchanger 

A class of two-fluid flow heat exchanger as shown in Figure 
5, in which the heat transfer between high- and low-tem-      
perature sides obeys Newton’s heat transfer law [ ( )q T  ], 

was investigated. By taking entransy dissipation minimiza-
tion as optimization objective, the optimum parameter dis-
tributions in heat exchanger were derived by using optimal 
control theory under the condition of fixed heat load, and 
were compared with those by taking entropy generation 
minimization as optimization objective. The results showed 
that the heat flux density corresponding to the minimum 
entransy dissipation is a constant, i.e. the temperature dif-
ference between the hot and cold fluids is a constant. It 
means that the result obtained coincided with the uniformity  

 

Figure 5  Three types of simple two-fluid heat exchanger models. 

principle of temperature difference field.  
For the fixed heat load and Newton’s law heat transfer 

processes, the temperature ratio of hot to cold fluids corre-
sponding to the minimum entropy generation is constant, 
while the condition corresponding to the minimum entransy 
dissipation is constant heat flux density. The obtained re-
sults for these two different optimization objectives are re-
markably different from each other. The results for entransy 
dissipation minimization and entropy generation minimiza-
tion are close to each other when the heat load of the heat 
exchanger is small, as shown in Figures 6 and 7 [115].  

5.2  Entransy dissipation minimization for heat trans-
fer processes with generalized radiative heat transfer 
law 

A class of finite-time heat transfer processes between high- 
and low-temperature sides with the generalized radiative 
heat transfer law [ ( )nq T  ] was investigated. Under the 

condition of fixed heat load, the optimal configurations of 
hot and cold fluid temperatures for minimizing entransy  

 

Figure 6  Optimal configuration of the hot fluid temperature with middle 
heat load (T2=100 K). 

 

Figure 7  Optimal configuration of the hot fluid temperature with large 
heat load (T2=600 K).  
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dissipation were derived. The results showed that [116]:  
(1) For Newtonian law heat transfer processes, the heat 

flux density corresponding to minimum entransy dissipation 
is a constant, which coincides with the uniformity principle 
of temperature difference field, while the ratio of hot to cold 
fluid temperatures corresponding to minimum entropy gen-
eration is a constant. 

(2) For linear phenomenological law heat transfer pro-
cesses, the ratio of hot to cold fluid temperatures corre-
sponding to minimum entransy dissipation is a constant, and 
the reciprocal temperature difference corresponding to 
minimum entropy generation is a constant, which is identi-
cal with the strategy of constant heat flux operation.  

(3) For small heat load, i.e. the low heating temperature 
difference case of cold fluid, the differences between the 
optimal configuration of the fluid temperature for entransy 
dissipation minimization and that for entropy generation 
minimization are small, while for the large heat load case, 
the differences between them become remarkable.  

(4) For radiative law heat transfer processes, the differ-
ences among three heating strategies, i.e. constant heat flux, 
entropy generation minimization and entransy dissipation 
minimization, are smaller than those for the cases with 
Newtonian and linear phenomenological heat transfer laws. 
The constant hot fluid temperature strategy leads to the 
largest entropy generation and entransy dissipation, i.e. the 
worst heat transfer effect. 

5.3  Entransy dissipation minimization for liquid-solid 
phase change processes 

The liquid-solid phase change process of a simple one-di-     
mensional slab as shown in Figure 8 was investigated. By 
taking entransy dissipation minimization as optimization 
objective, the optimal external reservoir temperature pro-
files were derived by using optimal control theory under the 
condition of a fixed freezing or melting time. The results 
obtained for entransy dissipation minimization were also 
compared with those obtained for the optimal strategy of 
minimum entropy generation. The results showed that [117]:  

(1) The entransy dissipation corresponding to the optimal 
heat exchange strategies of minimum entransy dissipation is 
8/9 of that corresponding to constant reservoir temperature 
operations, which is independent of all system parameters.  

(2) For the optimal heat exchange strategies of minimum 
entransy dissipation, both the phase boundary velocity ver-
sus phase boundary position and the phase boundary posi-
tion versus time during the slab freezing process are the 
same as those during the slab melting process. While for the 
optimal heat exchange strategies of minimum entropy gen-
eration, both the phase boundary velocity versus phase 
boundary position and the phase boundary position versus 
time during the slab freezing process are different from 
those during the slab melting process. Besides, the optimal 
external reservoir temperature profiles for the optimal heat  

 

Figure 8  A simple one-dimensional slab liquid-solid phase change pro-
cess model.  

exchange strategies of these two different optimization ob-
jectives are also different, and the difference between them 
increases with the increase of parameter f /t0 as shown in 
Figure 9. Entropy generation minimization denoted the min-
imum lost available energy, while entransy dissipation mini-
mization denotes the least dissipation of heat transfer ability. 
All of practical liquid-solid phase change processes are in-
dependent of the heat-work conversion, so the optimization 
principle should be entransy dissipation minimization.  

5.4  Entransy dissipation minimization for one-way 
isothermal mass transfer processes 

A class of one-way isothermal mass transfer processes with  

 

Figure 9  The dimensionless external heat reservoir temperature versus 
dimensionless time for different heat exchange strategies. (a) f /t0=0.05; (b) 
f /t0=0.5. 
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Fick’s diffusive mass transfer law [ ( )g c  ] as shown in 

Figure 10 was investigated. Based on the definition of the 
mass entransy, the mass entransy dissipation function which 
reflects the irreversibility of mass transfer ability loss was 
derived. The optimal concentration allocations of the key 
components corresponding to the high- and the low-con-      
centration sides for the minimum mass entransy dissipation 
of the mass transfer process were obtained by applying op-
timal control theory, and this strategy was compared with 
those of the minimum entropy generation, constant mass 
transfer flux (constant concentration difference) and con-
stant concentration ratio (constant chemical potential dif-
ference). The results showed that the optimal mass transfer 
strategy for the minimum mass entransy dissipation is that 
the product of the square of the key component concentra-
tion difference between the high- and low-concentration 
sides and the inert component concentration at the low- 
concentration side is a constant, while for the minimum 
entropy generation the ratio of the square of the key com-
ponent concentration difference between the high- and 
low-concentration sides to the key component concentration 
at the low-concentration side is a constant. When the mass 
transfer process is not involved in energy conversion pro-
cess, the optimization principle should be the minimum 
mass entransy dissipation. The mass entransy dissipation of 
the mass transfer process for the strategy of constant con-
centration difference is smaller than that for the strategy of 
constant concentration ratio, so the former is superior to the 
latter [118].  

6  Combination of entransy theory with heat 
conduction constructal optimization  

In 1996, Professor Bejan of Duke University noted the 
crisscross of the city streets, which presented certain regu-
larity. The major street networks of the worldwide big cities 
were very similar, and there existed a profound reason. He 
analyzed that the process of urban development, had two 
travel speeds in general: very slow speed (such as walking) 
and fast speed (such as carriage or vehicle speed). The une-
ven widths of the street were the result of the long time 
evolution on considering these two speeds simultaneously, 
which made the average travel speed of the city residents 
reached its optimum. After building the model and carrying  

 

Figure 10  Model of one-way isothermal mass transfer process.  

out mathematical analysis of the formation and develop-
ment of the street networks, Bejan proposed the constructal 
theory [119], and firstly used it in the research of cooling 
electronic components by optimizing the distribution of 
high thermal conductivity material (volume-point problem) 
[120]. He proposed the constructal law: “For a finite-size 
flow system to persist in time (to live), its configuration 
must change in time such that it provides easier and easier 
access to its currents.” Or more simply stated as: the struc-
tures of matters come from their optimal performances.  

The so-called “flow system” and “flow” have a broad 
meaning. The former includes all kinds of life bodies in 
nature and their tissues and organs, non-life systems and 
subsystems (such as river networks, atmospheric circulation, 
ocean currents, cracks, etc.) and various processes and de-
vices in engineering. The latter includes thermal current, 
fluid flow, electrical current, mass flow, people and traffic 
flows, goods flow, etc. “Optimal performance” includes the 
minimum thermal resistance, the minimum entropy genera-
tion, the minimum flow resistance, the minimum pumping 
power, the minimum electric resistance, the fastest speed, 
the minimum transportation cost, the maximum profit rate, 
and so forth. The constructal theory explains the profound 
reasons of the flow structures generated in the fields of na-
ture and society on the one hand, it guides to design the 
flow structure of various disciplines based on a unified 
physical principle (constructal law) on the other hand. 
Therefore, the constructal theory was termed as a new ge-
ometry philosophy. The constructal theory has been boom-
ing since it was proposed, and many scholars have shown 
great interests in the constructal theory. Plentiful of re-
searches have been carried out about this theory, and its 
content has been greatly enriched. The fields covered by the 
constructal theory are large, such as heat and mass transfer, 
fluid flow, electricity, magnetism, transport, piping network, 
weathering dry, economic decision-making, weather fore-
casting, geophysical problem, economic transportation, 
product platform design, plant and animal structures and 
physiology, university ranking and other social dynamics 
problems, medical problem, security and sustainability is-
sues, modern urban scale rate, pedestrian dynamics, organ-
ism aggregation, circulation market dynamics, coastal beach 
morphology, etc. [121–150]. Obviously, by combining en-
transy theory with constructal theory to optimize various 
processes based on extremum entransy dissipation rate 
(maximum or minimum), one can obtain different results 
[18,20,151–171]. 

The combination of entransy theory with heat conduction 
constructal optimization mainly includes volume-point heat 
conduction optimization, disc cooling optimization, cross- 
section optimization of round tube heat exchanger, multi- 
disciplinary and multi-objective optimization of electro-
magnet and numerical optimization of cavity cooling. The 
minimization of maximum temperature difference was cho-
sen as the optimization objective in the traditional studies of 
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constructal theory, but the minimization of maximum tem-
perature difference was the optimal result of a local one in 
the multi-scale heating object. The equivalent thermal re-
sistance defined based on entransy dissipation rate reflects 
the heat conduction ability in the heat transfer process. The 
smaller the equivalent thermal resistance, the better the 
conductive effect, and the lower the mean temperature in 
the volume. The optimal constructs obtained based on 
minimization of entransy dissipation rate were the optimiza-
tion results of the average heat transfer performance, which 
is different from the optimal constructs obtained based on 
minimization of maximum temperature difference.  

6.1  Volume-point heat conduction optimization 

The “volume to point” heat conduction problem can be de-
scribed as how to determine the optimal distribution of high 
conductivity material through the given volume such that 

the heat generated at every point is transferred most effec-
tively to its boundary. The research idea used was the same 
as that proposed by Bejan: assumed that the volume of high 
conductivity material to fill is fixed, firstly the element is 
optimized, and the optimal shape (aspect ratio) is obtained; 
then, several optimal elements are assembled to produce 
first assembly, the shape (or number of rectangular elements) 
and the high conductivity material distribution are opti-
mized to minimize the entransy dissipation rate of first as-
sembly; with similar work continued, after several assem-
bling and optimization, the control volume will be covered 
by high order assembly, as shown in Figure 11. There were 
six aspects in “volume to point” heat conduction constructal 
optimization. (1) The process of rectangular element con-
structal optimization is shown in Figure 12 [151]. (2) The 
process of rectangular element constructal optimization 
without the premise of optimized last-order construct is 
shown in Figure 13 [152]. (3) The process of constructal  

 

Figure 11  Volume-point heat conduction constructal optimization process.  

 

Figure 12  Constructal optimization based on rectangular element.  

 
Figure 13  Constructal optimization based on rectangular element without the premise of optimized last-order construct.  
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optimization based on triangular element is shown in Figure 
14 [153]. (4) The process of discrete variable conducting 
path contructal optimization based on fixed conducting path 

element is shown in Figure 15 [18]. (5) The process of dis-
crete variable conducting path contructal optimization based 
on variable conducting path element is shown in Figure 16  

 
Figure 14  Constructal optimization based on triangular element.  

 
Figure 15  Constructal optimization discrete variable conducting path contructal optimization based on fixed conducting path element.  

 
Figure 16  Discrete variable conducting path contructal optimization based on variable conducting path element.  
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[154]. (6) The process of constructal optimization based on 
variable cross-section shape and variable high conducting 
path element is shown in Figure 17 [155]. 

Analyzing the volume-point heat conduction model, one 
can obtain the following conclusions:  

(1) The constructs based on entransy dissipation rate 
minimization can decrease the mean temperature difference. 
When the thermal current density in the high conductive 
path is linear with the length, the optimal constructs based 
on entransy dissipation rate minimization are the same as 
those based on the maximum temperature difference mini-
mization. When the thermal current density in the high 
conductive path is nonlinear with the length, the optimal 
constructs based on entransy dissipation rate minimization 
are different from those based on maximum temperature 
difference minimization.  

(2) A self similar conctructal optimization method was 
proposed, which can be described as follows: the heat 
transfer performance of an object is determined by the heat 
transfer performance, aspect ratio and the style of assem-
bling the fundamental element. If there exists an assembling 
style which can improve its heat transfer performance while 

keeping the aspect ratio constant, then using the assembling 
style iteratively can achieve its corresponding maximal 
performance. This method revised the constructal optimiza-
tion method proposed by Bejan, with which the heat transfer 
performance could not be improved through assembling. 
Currently, the realization of self similar constructal optimi-
zation based on entransy dissipation minimization includes 
two constructal modes: without the premise of optimal last- 
order conctruct and discrete variable high conducting path.  

6.2  Disc cooling optimization 

(i) Radial high conducting fins inserted model [156].  The 
disc cooling model is shown in Figure 18. The heat is gen-
erated uniformly in the disc, and the disc can be regarded as 
uniform internal heat source. The total heat flux is trans-
ferred to the outside through the N fins which are distributed 
uniformly on the disc, and the remaining parts are adiabatic.  

By analyzing the disc cooling model inserted with radial 
high conducting fins, one can conclude: when the heat 
transfer performance of the disc achieves its best, the high 
conductive fin should extend to the center of the circle as  

 

Figure 17  Constructal optimization based on variable cross-section shape and variable high conducting path element.  
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Figure 18  Radial high conductivity fins extending inward from rim.   

the conductive effect of the fins is improved. The optimal 
ratio of the length of high conducting fins to radius of the 
circle is less affected by the high conducting fin number. 
The bigger the ratio of thermal conductivity between high 
and low thermal conductivity materials is or the bigger the 
scale factor of high conducting fin area to total area is, the 
better the heat transfer performance of disc becomes. When 
other parameters are fixed, there exists an optimal length- 
width ratio of high conducting fins to achieve the minimum 
entransy dissipation rate of the disc. The dimensionless 
mean temperature difference of the disc decreases as the 
high conducting fin number increases and tends to a con-
stant. The entransy dissipation rate is an index reflected the 
total heat transfer effect (mean temperature difference) of 
the disc, while maximum temperature difference is an index 
reflected a local heat transfer effect. The constructs based 
on entransy dissipation rate minimization is different from 

those based on minimization of maximum temperature dif-
ference. However, the changing tendencies of the optimal 
constructs obtained based on the two different objectives are 
identical with the changes of the number and area of the 
high conductivity material, and the reason for this is the 
nonlinear distribution of heat flux density in the disc. 

(ii) Branch-patterned distribution of high-conductivity 
paths [157]. The cooling models of radial-patterned disc and 
the branch-patterned disc with first order assembly are 
shown in Figure 19, respectively. The heat current which is 
uniformly generated in the disc flows through the high- 
conductivity paths towards the center of the disc. The rims 
of the discs are adiabatic. Compared the results based on 
entransy dissipation rate minimization with those based on 
maximum temperature difference minimization, it is found 
that the performance derived from the two optimization 
procedures are different. When the product of the thermal 
conductivity ratio and volume fraction is 30, the critical 
dimensionless radius for adopting radial-patterned disc or 
the branch-patterned disc is 1.75 for the former procedure, 
while that is 2.18 for the latter procedure. Especially for the 
large dimensionless radius of the disc, the mean heat trans-
fer temperature difference of the former procedure is lower 
than that of the latter procedure, which obviously improves 
the heat transfer performance of the disc.  

6.3  Optimization of round tube heat exchanger cross- 
section 

The round tube heat exchanger model is shown in Figure 20. 
The cross-section of round tube heat exchanger without 
high conducting fins is shown in Figure 21. The radius of 
the inner tube is Rin. Cold flow absorbs heat uniformly in 
the inner tube at the rate of inq  per unit area. The radius of 

the outer tube is Rout. Hot flow releases heat uniformly in 
the cross-section between Rin and Rout (outer tube cross- 
section) at the rate of outq  per unit area. The thermal con-

ductivity of the porous materials is k0. Temperature gradient  

 

Figure 19  Radial-patterned disc and first order assembly of disc.   
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Figure 20  Round tube heat exchanger.   

 

Figure 21  The cross-section of round tube heat exchanger without high 
conducting fins.   

is along the radial distribution. The cross-section of round 
tube heat exchanger with high conducting fins is shown in 
Figure 22. By distributing a number of (N) high conducting 
fins (thermal conductivity kp and width D), the cross-section 
is divided into N parts.  

The optimization results are shown in Figures 23 and 24. 
From Figures 23 and 24, the following conclusions can be 
obtained [158]:  

(1) The heat transfer ability of the heat exchanger with-
out high conducting fins is improved as the inner radius 
increases. 

(2) Adding the right amount of high conducting fins can 
improve the performance of heat exchanger, but too many 
fins are not necessary.  

6.4  Multi-disciplinary and multi-objective optimization 
of electromagnet 

A cylindrical coil is taken as an example. Figure 25 shows 
the front and side views of the solenoid. A wire is wound in 
many layers around a cylindrical space with radius Rin. The 
outer radius of the coil is Rout, and the axial length is 2L.  

 

Figure 22  The cross-section of round tube heat exchanger with high 
conducting fins.   

 

Figure 23  Effect of high conducting fins number on mean temperature 
difference versus the ratio of inner radius to outer radius with fixed high 
conducting material volume.   

 

Figure 24  Effect of high conducting material volume on mean tempera-
ture difference versus the ratio of inner radius to outer radius with fixed 
high conducting fins number.  

The electric current density inside the wire generates a one- 
dimensional magnetic field on the axis of symmetry of the 
coil.  

The heat generation rate per unit volume q″′ is constant 
at the working state. As illustrated in Figure 26, the high 
thermal conductivity cooling discs are inserted into the so-
lenoid, and solenoid is divided into a number of (N) sub- 
coils.  

(i) Constructal entransy dissipation rate minimization 
with fixed magnetic field [159]. Based on the concept of 
entransy dissipation, the expression of the mean temperature 
difference with high thermal conductivity material inserted 
in the solenoid (electromagnet) was deduced. The constructal 
optimization of electromagnet based on the extremum prin-
ciple of entransy dissipation rate is firstly performed. The 
variation of minimum mean temperature difference with 
volume and magnetic field and the corresponding optimal 
constructs were shown. In addition, the effect of high ther-
mal conductivity material on the magnetic field is analyzed. 
The optimization results show that for fixed magnetic field  
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Figure 25  Main features of solenoid geometry.   

 

Figure 26  Solenoid cooled by transversal discs with high thermal con-
ductivity.   

and thermal conductivity, the minimum mean temperature 
difference decreases as the number N of cooling discs in-
creases, but the decrement of minimum mean temperature 
difference is relatively decreased. As N increases, the radius 
of the solenoid decreases, the length of the solenoid in-
creases, and the volume decreases. The solenoid optimized 
based on the minimization of entransy dissipation rate with 

fixed magnetic induction optV  is considerably larger than 

the winding optimized solely from the electromagnetic 
point of view. The mean temperature difference decreases 
as the volume increases.  

(ii) Constructal complex-objective optimization of elec-
tromagnet based on magnetic induction and entransy dissi-
pation rate [18].  The magnetic induction should be fixed 
firstly in the constructal optimization with specified mag-
netic induction based on entransy dissipation rate minimiza-
tion. If the complex-objective function of entransy dissipa-

tion rate and magnetic induction can be established, the 
constraint that magnetic induction is constant can be re-
leased. For electromagnet, the lower entransy dissipation 
rate is or the higher magnetic induction is, the better the 
performance of electromagnet becomes. Then, a complex- 
objective function to describe entransy dissipation rate and 
magnetic induction is defined as 
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The constructal optimization results of electromagnet 
were compared with those based on the complex-objective 
function of maximum temperature difference and magnetic 
induction. The major conclusions are given as follows: for 
the linear distribution of heat flux in the electromagnet, the 
optimization results of constructal complex-objective opti-
mization of electromagnet based on magnetic induction and 
entransy dissipation rate are the same as those based on the 
complex-objective function of maximum temperature dif-
ference and magnetic induction. When the electromagnet 
achieves its best performance, the best performance of elec-
tromagnet can be improved as the inserted number N of the 
high thermal conductivity cooling discs increases; the sole-
noid becomes longer and thinner simultaneously, the mag-
netic induction increases, and both maximum temperature 
difference and mean temperature difference decrease. The 

best performance is also improved asV increases. When V  
increases, both the maximum temperature difference and 
mean temperature difference decrease, and the magnetic 
induction increases firstly and then decreases.  

6.5  Numerical optimizations of the cavity heat dissipa-
tions 

In nucleate boiling, cavities always form between adjacent 
fins and may serve as promoters of vaporization, and   
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vapotron effect between a refrigerant fluid with phase 
change and a non-isothermal finned surface also has been 
applied to cool electronic packages. In practical, heat trans-
fer model of an open cavity intruding into a solid conduct-
ing wall exists widely in many modern engineering fields 
involving high heat flow density and large heat conduction, 
so the optimization for its global heat transfer performance 
is very important. For the numerical optimizations of the 
cavity heat dissipations, three models were studied: rectan-
gular cavity with heat generation (Figure 27), rectangular 
cavity heated externally (Figure 28), and T-shaped cavity 
with heat generation (Figure 29).  

 

Figure 27  Rectangular cavity with heat generation.   

 
Figure 28  Rectangular cavity heated externally.   

 

Figure 29  T-shaped cavity with heat generation. 

The major conclusions were obtained as follows [19,160, 
161]: 

(1) Whether for the model with heat generation or that 
heated externally, there is no obvious difference between 
the two results based on minimizations of maximum ther-
mal resistance and equivalent thermal resistance when the 
volume fraction  occupied by cavity is smaller, but the 
difference between the two results increases with the in-
creases of  and the body aspect ratio H/L for any model. 
Consequently, in the thermal design for some relevant 
problems, it is an intelligent decision to choose the optimal 
configuration with minimum equivalent thermal resistance 
and simultaneously to meet other necessary requirements, 
such as upper limit temperature (maximum thermal resistance).  

(2) The optimal cavities for bodies heated externally are 
more slender than those for bodies with heat generation. 
Heat originating has obvious effect on the global perfor-
mance of heat transfer. The entransy dissipation of body 
heated externally increases 2–3 times than that of body with 
heat generation, which indicates that the global performance 
of heat transfer weakens. 

(3) When the volume fraction of the rectangle occupied 
by T-shaped cavity is limited, the equivalent thermal re-
sistance and the maximum thermal resistance can not con-
sequentially be reduced by merely increasing the volume of 
cooling cavity. For the fixed volume of cooling cavity, the 
equivalent thermal resistance and the maximum thermal 
resistance can effectively be reduced by reasonably design-
ing the volume fraction of the rectangle occupied by 
T-shaped cavity in certain range. Compared the T-shaped 
cavity with the rectangular cavity, the entransy dissipation 
rate of the system can be further reduced.  
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7  Combination of entransy dissipation extre-
mum principle with convection constructal opti-
mization 

7.1  Constructal optimization for cooling channel based 
on the entransy dissipation rate and flow-resistance 
minimizations 

By applying the entransy dissipation extremum principle to 
the constructal optimizations for the cooling channels of the 
heat-generating volume, the optimal constructs with mini-
mum flow-resistances were obtained. As shown in Figure 
30, firstly, the rectangular element was optimized by mini-
mizing entransy dissipation rate, and the optimal construct 
of the rectangular element was obtained. Secondly, based on 
the optimized rectangular element, the first-, second- and 
the third-order assemblies were optimized by minimizing 
global flow resistance. The optimal shape (or the optimal 
number of constituents) and the optimal thickness ratio ((Di/ 
Di1)opt, i1) of the central channel and its tributaries of each 
order assembly were obtained. Finally, the element to the 
third order assembly with tapered channels are re-optimized. 
The optimization results are shown as follows [162,163]:  

(1) For the constant channel, the minimum dimensionless 
global flow resistance of first-order assembly keeps con-
stant. However, the decreasing amplitude of minimum di-
mensionless global flow resistance of second-order assem-
bly is 32%, and that of the third-order assembly is 54%. The 
decreasing amplitude of minimum dimensionless global 
flow resistance grows greater as the order of each assembly 
becomes higher.  

(2) For tapered channel, the minimum dimensionless 
global flow resistance of first-order assembly keeps con-
stant. However, the decreasing amplitude of minimum di-
mensionless global flow resistance of second-order assem-
bly is 37%, and that of the third-order assembly is 60%. The 

decreasing amplitude of minimum dimensionless global 
flow resistance grows greater as the order of each assembly 
becomes higher. 

(3) Compared each order assembly with constant chan-
nels, the decreasing amplitude of the corresponding assem-
bly with tapered channels is a little greater. It is shown that 
the more practical the assembly becomes based on the mini-
mizations of entransy dissipation rate and flow-resistance, the 
greater the decreasing amplitude of minimum dimensionless 
global flow resistance of the assembly grows.  

Therefore, it may create great superiority for constructal 
optimization to combine the entransy dissipation extreme 
principle with heat convection.  

7.2  Performance optimization for various kinds of as-
semblies of fins and the steam generator 

Fin is an effective temperature control part or subassembly, 
which is applied widespread in the fields of energy, chemi-
cal engineering, astronavigation and electron. The con-
structal optimizations were performed for umbrella-shaped 
[164], T-shaped [165], Y-shaped [19], leaf-like [169] and 
tree-shaped assemblies [20] of fins by taking the minimiza-
tion of entransy dissipation rate as optimization objective. 
Compared the optimal construct based on maximum ther-
mal resistance minimization with that based on mean ther-
mal resistance minimization, the mean temperature differ-
ence of the fin assembly can be obviously decreased, and 
the decreasing amplitude is high to 88.2% in a calculation 
case [165]. The heat transfer problem of the steam generator 
belongs to the entransy dissipation extremum principle with 
a fixed boundary temperature. The higher the entransy dis-
sipation rate is, both the larger the mean heat flux and the 
better the heat transfer effect will be. That is, when the gas 
entransy dissipation rate is maximized, the mean heat flux 
in the heat transfer process will be maximized, and the  

 

Figure 30  Constructal optimization of convection.   
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performance of the system will be the best. Compared with 
the dimensionless mean heat flux based on heat transfer rate 
maximization, the dimensionless mean heat flux based on 
entransy dissipation rate maximization is increased by 
58.7%. Therefore, the optimal construct based on the latter 
objective improves the global heat transfer performance of 
the steam generator obviously [166].  

8  Conclusions 

The entransy theory provides a new theoretical fundament 
for heat transfer optimization, which is different from entropy 
generation minimization. Without the premise of taking 
work ability loss minimization as the objective, compared 
the entransy dissipation rate with entropy generation rate, 
the entransy dissipation rate is more suitable to describe 
heat transfer performance. The proposal of entransy and 
entransy dissipation extremum principle provides a new 
objective for heat transfer system optimization, which can 
be used to decsribe the total heat transfer ability of system 
[93]. The finite-time thermodynamic optimization of heat 
and mass transfer processes based on entransy dissipation 
extremum provided new results different from those obtained 
based on entropy generation rate optimization. The constructal 
optimization based on entransy dissipation rate extremum 
can preferably decrease the mean temperature difference in 
heat transfer process. When heat flux is linear distribution, 
entransy dissipation rate which is used to describe the total 
heat transfer ability of the system is linear with the 
maximum temperature difference which is used to describe 
the local heat transfer ability of the system. Furthermore, 
because the local and total heat transfer performances of 
heat transfer structure can not achieve their best simultane-    
ously, to satisfy engineering demands, an optimization 
which considers local and total heat transfer performances 
simultaneously should be considered. For the real engin-     
eering heat transfer structure, it is considerable to take heat 
transfer safety into the optimizations [148,171]. It is 
foreseeable that, with the further expansions of the science 
research work, the application scope of entransy theory will 
be expanded, its scientific significance will be further clear, 
and its influence on thermal science will become enormous 
and profound.  
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