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Role of entropy generation minimization in thermal optimization∗
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Thermal optimization is very important for improving the performances of thermal systems. In engineering, the en-
tropy generation minimization (EGM) has been widely used to optimize and evaluate the performances of thermal systems.
However, the consistency between the EGM and the optimization objective should be specified when the EGM is used.
In this paper, we discuss the view angle of irreversibility of entropy generation, and show that entropy generation directly
reflects the exergy destruction or the ability loss of doing work. As the design objective in a thermal system is not often
consistent with the view angle of irreversibility of entropy generation, the EGM may not lead to the optimal value of the
design objective. In heat transfer and heat-work conversion, the inconsistence between the design objectives and the EGM
is shown with some examples, and the applicability of the EGM is found to be conditional. The “entropy generation para-
dox” in heat exchanger analyses is also discussed, and it is shown that there is no direct monotonic relation between the
minimum entropy generation rate and the best heat transfer performance of heat exchangers.
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1. Introduction
The design of the thermal system is very important for

improving the system performance and reducing the cost.[1–3]

For instance, the analysis and optimization design of the ther-
mal control system are necessary because they are beneficial
to the effective and steady operation of the spacecraft.[4] In the
design of thermal power plants, the thermal processes should
also be optimized to increase the output power.[5] Hence, this
topic receives great attention from researchers.

In thermal optimizations, the concept of entropy genera-
tion is very often used because it can measure the irreversibili-
ties of thermal processes. Many researchers have made contri-
butions in this aspect. For instance, Li and Lai[6] optimized the
performance of the ground heat exchanger with single U-tube
by the entropy generation minimization method. Abbassi[7]

applied the concept of entropy generation to the analyses of a
uniformly heated microchannel heat sink. Baytaş[8] discussed
the entropy generation for the natural convection in an inclined
porous cavity. A lot of interesting and important results had
been obtained when the concept of entropy generation was
used.

On the other hand, it has been shown that the entropy gen-
eration minimization (EGM) does not always lead to the best
system performance.[9–14] In heat exchanger analyses, the “en-
tropy generation paradox”[9] is a well-known example. It was
found that the heat exchanger effectiveness does not always
increase with reducing entropy generation rate or entropy gen-
eration number. In refrigeration systems, Klein and Reindl[10]

found that minimizing the entropy generation rate does not al-
ways result in the same design as maximizing the system per-
formance unless the refrigeration capacity is fixed. In the anal-
yses of an air conditioning system for room heating, Cheng
and Liang[11] found that the EGM does not always lead to the
increase of the heat flow rate into the room.

Therefore, it is worth making more efforts to discuss the
role of EGM in thermal optimization. In this paper, the view
angle of the irreversibility of entropy generation is analyzed,
and the applicability of the EGM to the thermal optimizations
is discussed. Some examples on heat transfer and heat-work
conversion are also presented.

2. Irreversibility, entropy generation and system
performance

2.1. View angle of irreversibility of entropy generation

Irreversibility is an important characteristic of physical
process in nature, which results in the symmetry breaking and
the unidirectionality of time. Therefore, for any system with
fixed boundary conditions, we can find a function that varies
monotonically with time when an irreversible process hap-
pens. This function is called the Lyapounov function[15] and
can be used to measure the irreversibility. In “From Being to
Becoming” by Prigogine,[15] it was pointed out that the crite-
rion of the Lyapounov function is that the positive or negative
symbol of the derivative of the function with respect to time
must be different from that of the function itself. For instance,
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for a closed system with fixed temperature and pressure, the
Gibbs free energy satisfies the criterion, so it is the Lyapounov
function and the time arrow of the system. For a closed system
with fixed temperature and volume, the Helmholtz free energy
is the Lyapounov function.

From the above, it can be seen that we could have differ-
ent Lyapounov functions for the systems with different bound-
ary conditions. Even for the same system, the criterion of
the Lyapounov function does not refuse two or more ones,
which means that we may have different Lyapounov func-
tions for one specific system as long as the functions satisfy
the criterion. These functions may be different projections of
the irreversibility from different view angles. Obviously, the
view angles of irreversibility for the Gibbs free energy and the
Helmholtz free energy are different. Therefore, the discussion
on the view angle of the Lyapounov functions is necessary for
understanding the characteristics of the functions.

As is well known, entropy is a Lyapounov function of
the isolated system, and is also widely used to measure the
irreversibilities of physical processes. This concept was intro-
duced by Clausius when he investigated the Carnot cycle in
1854.[16] The expression of entropy is

dS = (δQ/T )rev , (1)

where dS is the differentiation of entropy, δQ is the heat ex-
change between the system and the environment, T is the tem-
perature of the heat source that is also the environment temper-
ature for the reversible process, and the subscript, rev, means
that the process is an ideal reversible process. Furthermore,
Clausius derived the Clausius inequality for entropy that en-
trusts the second thermodynamic law with mathematical ex-
pression and makes it possible to calculate the irreversibility in
quantity. The concept of entropy generation is the key param-
eter for the calculation. For a non-equilibrium system, there
is[16]

ds = δsf +δsg, (2)

where ds is the entropy change rate, δsf is the entropy flow
rate, and δsg is the entropy generation rate. As is well known,
larger entropy generation rate means larger irreversibility. At
the same time, we may ask one question here: what is the view
angle of irreversibility of entropy generation? This question is
not easy to answer because the concept of entropy has already
been extended to many academic fields. Therefore, we only
discuss it in thermal science below.

In thermal science, entropy was first introduced in analyz-
ing the Carnot cycle, and the main view angle of irreversibility
of entropy generation may be related to heat–work conversion
although entropy has been applied to many other thermal prob-
lems. To simplify the problem, we can analyze a steady system

here. With Eq. (2), we can obtain[12,17]

enet = w+T0sg, (3)

where enet is the net exergy into the system, w is the output
power, and T0 is the reference temperature. In Eq. (3), T0sg

is called the exergy destruction rate, which is indicated by the
Gouy–Stodola theorem,

edes = T0sg. (4)

Exergy destruction means the ability loss of doing work. As
the reference temperature is always fixed, equation (4) shows
that entropy generation directly reflects the exergy destruction
or the ability loss of doing work. This is the main view angle of
entropy generation when it is used to measure the irreversibil-
ities of thermal processes.

2.2. System performance optimization

In thermal engineering, the concept of entropy genera-
tion is taken as an important tool to optimize the system per-
formance in many cases. As the decrease of entropy gener-
ation means the decrease of irreversibility, it is believed that
the entropy generation would decrease with increasing sys-
tem performance. However, researchers have shown that the
concept of entropy generation does not take effect in this way
sometimes.[9–14]

In practical applications, the system performance may
mean different objectives, such as the maximum heat trans-
fer rate,[18] the maximum heat exchanger effectiveness,[13] the
minimum average temperature of the heated domain,[19] the
maximum output power,[20] the maximum COP of the heat
pump systems,[21] etc. When the system performance maxi-
mization is consistent with the EGM, it is very sure that the de-
crease of entropy generation will lead to the performance im-
provement. On the other hand, if the performance maximiza-
tion and the EGM lead to different targets, the EGM may not
be applicable for improving the performance. In other words,
the best system performance may not need to correspond to
the minimum irreversibility measured by entropy generation.
Whether a parameter can be used to evaluate the performance
of a system depends on its consistency with the design objec-
tive of the system. This rule also holds true when the EGM is
used to evaluate thermal systems and should be paid enough
attention to. In the following, some heat transfer and heat–
work conversion problems will be taken for example to explain
the point in detail.

3. Examples in heat transfer
In a pure heat transfer process without work interac-

tion, heat is only transferred for heating or cooling objects.
There have been many different design objectives in practi-
cal applications, such as the system mass minimization,[22]

the homogenization of temperature field,[4] the heat transfer
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rate maximization,[18] the heat transfer temperature difference
minimization,[18] etc. It is very obvious that these objectives
are not always consistent with the EGM because they are not
related to the exergy destruction or the ability loss of doing
work. Therefore, the irreversibility minimization from the
viewpoint of entropy generation will not always benefit the de-
sign objectives. Some simple examples are presented below.

3.1. A heat transfer process with fixed heat transfer rate

In the system shown in Fig. 1, there are two devices with
fixed heat payloads, Q1 and Q2, which are released into the
environment at temperature T0. The heat transfer coefficients,
k1 and k2, to each payload are also fixed. The heat transfer
areas of the devices are A1 and A2, respectively. The limiting
condition of the heat transfer problem is

A = A1 +A2 = const, (5)

and the design objective is to minimize the average tempera-
ture of the devices,

T = (T1Q1 +T2Q2)/(Q1 +Q2), (6)

where T1 and T2 are the temperatures of the devices. It can be
seen that the average temperature is defined as the equivalent
working temperature weighted by heat flow rate of the devices.
This problem has been discussed numerically in Ref. [23]. Its
theoretical analysis is given below.

Q1 Q2

A1
A2

T0

k1 k2

Fig. 1. (color online) Heat transfer process with fixed heat transfer rate.

Considering the heat transfer law, we have

T =

(
Q1

k1A1
+T0

)
Q1 +

(
Q2

k2A2
+T0

)
Q2

Q1 +Q2

=
1

Q1 +Q2

(
Q2

1
k1A1

+
Q2

2
k2A2

)
+T0. (7)

To find the minimum value of Eq. (7) under the limitation con-
dition of Eq. (5), a function can be set up,

F =

(
Q2

1
k1A1

+
Q2

2
k2A2

)/
(Q1 +Q2)+T0 +λ (A1 +A2−A) , (8)

where λ is the Lagrange multiplier. The variations that lead to
the minimum value of Eq. (7) should satisfy

∂F
∂A1

=
∂F
∂A2

=
∂F
∂λ

= 0. (9)

Solving Eq. (9) gives

A1 = A/
(

1+Q2
√

k1/k2/Q1

)
, (10)

A2 = A/
(

1+Q1
√

k2/k1/Q2

)
. (11)

When the heat transfer area is distributed according to
Eqs. (10) and (11), the average temperature reaches its min-
imum value.

If we use the concept of entropy generation to analyze the
process, we have

sg =
Q1 +Q2

T0
−
(

Q1

T1
+

Q2

T2

)

=
Q1 +Q2

T0
−

 Q1
Q1

k1A1
+T0

+
Q2

Q2

k2A2
+T0

 . (12)

To minimize Eq. (12), a function can also be set up,

H =
Q1 +Q2

T0
−

 Q1
Q1

k1A1
+T0

+
Q2

Q2

k2A2
+T0


+β (A1 +A2−A) , (13)

where β is the Lagrange multiplier. The variations that mini-
mize Eq. (13) should satisfy

∂H
∂A1

=
∂H
∂A2

=
∂H
∂β

= 0. (14)

Solving Eq. (14) gives

A1 =

[
A− Q2

T0

(
1√
k1k2
− 1

k2

)]/(
1+

Q2

Q1

√
k1

k2

)
, (15)

A2 =

[
A− Q1

T0

(
1√
k1k2
− 1

k1

)]/(
1+

Q1

Q2

√
k2

k1

)
. (16)

When the heat transfer area is distributed according to
Eqs. (15) and (16), the entropy generation rate reaches its min-
imum value.

Comparing the distribution results shown in Eqs. (10),
(11), (15), and (16), we can find that the design objective and
the EGM are consistent only when k1 = k2. If k1 6= k2, the
EGM will not lead to the lowest average temperature of the
devices. As there is no work interaction in the system, equa-
tion (3) can be changed into

enet = ein− eout = T0sg, (17)

where ein is the exergy flow rate into the system, and eout is
that out of the system and it is zero because the heat flow
rates from the devices are both released to the environment.
Therefore, entropy generation expresses the exergy flow into
the system. However, what is of interest to us in this problem
is the average temperature of the devices, which is different
from what the EGM brings to us.
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3.2. One-dimensional heat transfer processes

As shown in Fig. 2, there are four infinite heat sources, a,
b, c, and d, whose temperatures are Ta, Tb, Tc, and Td, respec-
tively. There are two heat transfer processes. The heat transfer
rate between the heat sources a and b is Q1, while that between
the heat sources c and d is Q2. Assume that Ta > Tc. What we
focus on here are the heat transfer rate, the heat transfer tem-
perature difference and the thermal resistance, which is very
common in heat transfer analyses. With this consideration, the
heat transfer performances of the two heat transfer processes
can be compared.

Q1

Q2

Tb

Ta

Tc

b

a

c

Td d

Fig. 2. (color online) One-dimensional heat transfer process.

First, we consider a case in which the heat transfer tem-
perature differences are Ta − Tb = Tc − Td and the heat flow
rates are identical, i.e., Q1 =Q2. It can be seen that the thermal
resistances are also the same. Therefore, from the viewpoint
of heat transfer, the performances of the two processes are the
same. However, if we calculate the entropy generation rates of
the processes on the assumption that Ta > Tc, we have

sg−1 = Q1

(
1
Tb
− 1

Ta

)
=

Q1 (Ta−Tb)

TaTb
<

Q2 (Tc−Td)

TcTd

= Q2

(
1
Td
− 1

Tc

)
= sg−2, (18)

where sg−1 and sg−2 are the entropy generation rates. It can be
seen that the heat transfer performances are different from the
viewpoint of entropy generation. Equation (3) indicates that
smaller irreversibility from the viewpoint of entropy genera-
tion means smaller exergy destruction rate, which is not the
objective that we are concerned with here.

The difference between our objective and the EGM can
also be found in the case in which sg−1 = sg−2 and Q1 = Q2.
From the viewpoint of entropy generation, the irreversibilities
and the exergy destruction rates of the two processes are the
same. However, if we calculate the heat transfer temperature
differences, we can find that

Ta−Tb > Tc−Td. (19)

It is shown that the heat transfer between the heat sources a
and b needs a larger temperature difference when the same
heat transfer rate is obtained. It means that the thermal re-
sistance between the heat sources a and b is larger, so the heat
transfer performance between the heat sources a and b is lower
than that between the heat sources c and d. As the view angles
are not consistent with each other, different conclusions can be
obtained with different concepts.

3.3. Two-stream heat exchanger

As shown in Fig. 3, the inlet and outlet temperatures of
the hot and cold streams are Tin−h, Tin−c, Tout−h, Tout−c, and
the heat capacity flow rates are Ch and Cc, respectively. In
many practical cases, the applications of two-stream heat ex-
changers are irrelevant to doing work, and they are only used
to heat or cool streams, so we mainly focus on the heat trans-
fer performances of heat exchangers here. The objective can
be the heat transfer rate or the heat exchanger effectiveness, ε .

arbitrary flow arrangement 

Tin-h Tin-c

CcCh

Tout-h Tout-c

Fig. 3. (color online) A two-stream heat exchanger.[24]

The heat transfer rate and the effectiveness are

Q =Ch (Tin−h−Tout−h) =Cc (Tout−c−Tin−c) , (20)

ε =
Q

Qmax
=

Ch (Tin−h−Tout−h)

Cmin (Tin−h−Tin−c)
=

Cc (Tout−c−Tin−c)

Cmin (Tin−h−Tin−c)
, (21)

where Qmax is the maximum possible heat transfer rate, and

Cmin = min(Ch,Cc) . (22)

From Eqs. (20) and (21), we cannot find any direct relation-
ship between ε (or Q) and the exergy destruction, so it will not
be strange if inconsistence occurs between the EGM and the
heat transfer performances of the heat exchangers.

When analyzing the balanced counterflow heat exchanger
with zero pressure-drop irreversibility, Bejan[9] first noted that
the entropy generation rate or entropy generation number does
not decrease with increasing ε when ε ∈ [0,0.5]. Instead,
the entropy generation rate or entropy generation number in-
creases and reaches its maximum value at ε = 0.5. This behav-
ior of entropy generation was called “entropy generation para-
dox”. Bejan[9,25] explained that the origin of this paradox was
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clear and that the “entropy generation maximum” (at ε = 0.5)
associated with it is of little practical consequence[9] and the
“paradox” disappears if one considers the effect of heat ex-
changer size not on the heat exchanger alone, but on the whole
energy system in which the heat exchanger is an organ.

However, as a performance evaluation parameter, the con-
sistency between the parameter and the optimization objec-
tive is necessary. The variation tendency between EGM and
the effectiveness does not follow this rule when ε ∈ [0,0.5].
For a heat exchanger with arbitrary flow arrangement shown
in Fig. 3, the entropy generation rate or entropy generation
number still increases with increasing ε in the range of the
effectiveness, which is given as[26]

ε ∈ [0, 1/(1+C∗)] , (23)

where C∗ is the ratio of Cmin to the bigger one between Ch and
Cc. The value of ε cannot be close to zero but some other val-
ues in the range of Eq. (23). In particular, in parallel flow heat
exchanger, ε always increases with increasing entropy genera-
tion rate or entropy generation number because the maximum
value of ε in parallel flow heat exchanger is 1/(1+C∗). It can
be seen that the concept of entropy generation is unsuitable for
evaluating the heat transfer performance here. For the energy
system in which the heat exchanger is an organ, it may not be
a pure heat transfer system, but a system with heat-work inter-
action in which the purpose of heat transfer is to do work. In
this case, the entropy generation paradox is not settled down
and there remains further discussion on this issue.[13,24,26–31]

It is shown in Eq. (4) that the objective of the EGM is to
minimize the ability loss of doing work, while the usual ob-
jective for heat exchangers is to maximize Q or ε . The view
angle of irreversibility of entropy generation is different from
that of the design objective of heat exchanger. Bejan[25] had to
admit that the effectiveness (ε) is not a relevant measure of the
thermodynamic performance of a heat exchanger. The entropy
generation paradox just shows the difference. In other words,
entropy generation is not a proper parameter to evaluate the
heat transfer performance itself of heat exchangers.

As below, a numerical example with zero pressure-drop
irreversibility is presented. Assume that Ch = Cc = 1 W/K,
Tin−h = 500 K, Tin−c = T0 = 300 K. The inlet exergy flow rate
into the system is fixed because the inlet parameters of the
streams are fixed. From Eq. (17), it can be seen that smaller
entropy generation refers to larger exergy flow out of the sys-
tem, which means that the EGM leads to the maximization of
the ability to do work for the streams out of the heat exchanger.
The exergy flow rate out of the heat exchanger can be calcu-
lated from

eout = Ch [T0 ln(T0/Tout−h)+(Tout−h−T0)]

+Cc [T0 ln(T0/Tout−c)+(Tout−c−T0)] , (24)

and the entropy generation rate can be calculated from[24]

sg =Ch ln(Tout−h/Tin−h)+Cc ln(Tout−c/Tin−c) . (25)

With Eqs. (20)–(25), the variations of the entropy generation
rate and the exergy flow rate out of the heat exchanger with
the effectiveness are shown in Fig. 4. The results show that
the curve of exergy flow rate out of the heat exchanger versus
effectiveness has a minimum value, and which corresponds to
the maximum entropy generation rate. The variation tendency
of the exergy flow rate is opposite to that of the entropy gener-
ation rate. If the outlet maximum exergy flow rate is the design
objective for the heat exchanger, the EGM is applicable, while
it is not applicable if the effectiveness is the objective. The
numerical results verify the theoretical analyses above.
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Fig. 4. (color online) Variations of the entropy generation rate and the
exergy flow rate out of the heat exchanger with heat exchanger effec-
tiveness.

4. Examples in heat–work conversion
In heat–work conversion, we also may have many differ-

ent design objectives, such as the output power,[20] the thermal
efficiency,[32] the thermoeconomic performance,[33] the COP
of heat pump systems,[21] the heat flow rate into the high tem-
perature heat source in heat pump systems,[21] etc. Some of
them may be consistent with the design direction of the EGM,
while some may be not. So, the applicability of the EGM also
needs further investigating.

4.1. Output power analyses

Equation (3) is the relationship between the entropy gen-
eration rate and the output power. The entropy generation does
not describe the output power directly, but reflects the output
power indirectly by measuring the exergy destruction. There-
fore, the applicability of the EGM to optimizing output power
is conditional, and the precondition under which the mini-
mum entropy generation rate corresponds to the maximum
output power is that the net exergy flow rate into the system
is fixed.[17] The EGM may not lead to the maximum output
power if the precondition is not satisfied. Different groups
have addressed this issue,[12,17,34] and even the effects from
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different heat transfer laws were investigated.[34] Many exam-
ples showed the inconsistence between the EGM and the out-
put power maximization.[5,17,20,32,34,35] In the present work, it
is not necessary to add another new example to confirm the ob-
tained conclusions about the applicability of the EGM to the
optimization of output power.

Here, we come to discuss another precondition. Re-
searchers showed that the entropy generation rate associated
with dumping the used streams into the environment must be
taken into account in the analyses of the power plant besides
the entropy generation rate in the heat exchangers.[9] Other
research[20,32,36] also showed that the entropy generation as-
sociated with dumping the used streams into the environment
should be considered, otherwise the EGM will not lead to the
maximum output power. However, this precondition may be
fictitious because the used streams may not be dumped into
the environment in practical applications. The thermal energy
in the used streams can be used in many ways. It even can
be stored in some phase change materials. So, the question is
why the fictitious precondition should be satisfied? Consider-
ing Eqs. (3) and (17), we have

ein = (w+ eout)+T0sg. (26)

From the viewpoint of ein, some of it turns to be output power,
some is destroyed because of irreversibility, and the rest is
stored in the used streams out of the system. The sum of the
output power and the rest exergy flow rate in the used streams
can be defined as the remaining exergy flow rate,

eR = w+ eout. (27)

When we assume that the used streams are dumped into the en-
vironment and consider its virtual entropy generation rate, we
can find from Eq. (26) that eout is zero. Then, the EGM leads
to the maximum output power as long as the inlet parameters
are fixed. If the fictitious precondition is not considered, equa-
tions (26) and (27) indicate that the practical smaller entropy
generation rate may not lead to larger output power, but leads
to larger eR for fixed ein. A simple example is presented to
show this point numerically below.

As shown in Fig. 5, the heat flow rate QH in the hot stream
is transferred into a Carnot engine through a heat exchanger.
In the Carnot engine, the output power is w and the heat flow
rate released to the environment is QL. The outlet tempera-
ture of the used stream is Tout. For the hot stream, assume
that the heat capacity flow rate C = 1 W/K, and the inlet tem-
perature Tin = 600 K. Assume the environment temperature
T0 = 300 K, and the thermal conductance of the heat exchanger
U = 2 W/K. Then, QH can be calculated from

QH =C (Tin−TW) [1− exp(−U/C)] , (28)

where TW is the wall temperature of the heat exchanger, and w
can be calculated from

w = QH (1−T0/TW) . (29)

So, it is a constant surface temperature boundary condition for
the heat transfer process between the hot stream and the heat
exchanger.

The practical entropy generation rate is

sg−p = QL/T0 +C ln(Tout/Tin) , (30)

the total entropy generation rate with the consideration of the
virtual part associated with dumping the used streams into the
environment is

sg−v = [QL +C (Tout−T0)]/T0 +C ln(T0/Tin) , (31)

and the exergy flow rate in the used stream is

eout =C [T0 ln(T0/Tout)+(Tout−T0)] . (32)

With Eqs. (26)–(32), the variations of sg−p, sg−v, w, and eR

are shown in Fig. 6. The results show that the minimum sg−v

corresponds to the maximum w, while eR increases with sg−p

decreasing. Smaller sg−p does not always lead to larger w. The
numerical results can verify the theoretical analyses above.
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CTin

w

Tout

T0

Carnot engine

heat exchanger

TW

Fig. 5. (color online) Simple heat–work conversion system.
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Fig. 6. (color online) Variations of the entropy generation rates, the out-
put power and the remaining exergy flow rate with wall temperature of
the heat exchanger.

In addition, if the inlet parameters are not fixed, which
means that the exergy flow into the system is not given, we
have already proved that the EGM does not lead to the maxi-
mum output power even if the virtual entropy generation rate
associated with dumping the used streams into the environ-
ment is considered.[32] In such a case, the EGM does not cor-
respond to the maximum output power either, which can also
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be understood mathematically with Eq. (25). When ein in-
creases, the terms on the right-hand side of the equation may
all increase. Then, the output power may not decrease with in-
creasing entropy generation, but increase. Here, it can be seen
that the applicability of the EGM to the analyses of heat-work
conversion systems is still conditional for the whole energy
system in which the heat exchanger is an organ.[25]

4.2. Analyses of other objectives

For other design objectives, the inconsistence between the
entropy generation and the objectives has also been noted.

When the thermal efficiency was taken as the design ob-
jective, the work of Wang et al.[37] showed that the EGM
does not always lead to the largest thermal efficiency in the
endoreversible Carnot cycle. The same conclusions were
also obtained when we analyzed the one-stream heat ex-
changer networks[32] and the combined endoreversible Carnot
heat engines.[33] When the thermoeconomic performance was
taken as the design objective, it was also proved that the EGM
may not be applicable.[33]

For heat pump systems, the COP and the heat flow rate
into the high temperature heat source can be our objectives.
For the two objectives, research showed that the applicability
of the EGM is also conditional.[21,38] The effects from differ-
ent heat transfer laws were analyzed,[38] and the conclusions
still hold.

From the discussion above, it can be seen that the design
objectives of heat–work conversion systems may not always
be consistent with the irreversibility measured by entropy gen-
eration. Reducing the irreversibility from the viewpoint of en-
tropy generation may reduce the exergy destruction or improve
a certain important performance of the system. However, we
may not focus on the exergy destruction or the certain perfor-
mance in many practical applications. We should pay enough
attention to this point to avoid abusing the EGM.

5. Conclusions
In this paper, the role of the EGM in thermal optimiza-

tion is discussed. As is well known, entropy generation can be
used to measure the irreversibility of the thermal process. The
view angle of irreversibility of entropy generation is analyzed.
It is shown that entropy generation directly reflects the exergy
destruction or the loss of ability to do work. In the system per-
formance analyses, the EGM may not lead to the optimal value
of the design objective because the objective may not always
be consistent with the view angle of irreversibility of entropy
generation.

In the heat transfer process in which heat is transferred
only for heating or cooling objects, the inconsistence between
the design objectives and the entropy generation rate is pre-
sented with some examples. In particular, the “entropy gen-
eration paradox” in heat exchanger analyses is discussed. We
show that the concept of entropy generation is not a suitable

parameter to evaluate the heat transfer performances of heat
exchangers.

In the heat–work conversion system, the inconsistence
between the design objectives and the EGM is also shown and
discussed. As entropy generation may not directly describe
the design objectives, but describes the exergy destruction, the
applicability of the EGM is conditional.

In the thermal system, the decrease of irreversibility from
the viewpoint of entropy generation may reduce the exergy de-
struction or improve a certain performance of the system that
may not be the focus in many practical applications. This point
should be considered to avoid abusing the EGM.
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