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Abstract – Owing to the energy demands of the world and the issues involved with global warming, an-
alyzing and optimizing power cycles have increased in importance. In this work, the concepts of entransy
dissipation, power output, entropy generation, energy, exergy output, exergy efficiencies for irreversible
heat engine cycles are applied as a means of analyzing them. This paper presents thermo-dynamical study
of an irreversible heat engine cycle with the aim of optimizing the performance of the heat engine cycle.
Moreover, four different strategies in the process of multi-objective optimization are proposed, and the
outcomes of each strategy are evaluated separately. In the first scenario, in order to maximize the ex-
ergy output, ecological coefficient of performance (ECOP) and exergy-based ecological function (EECF),
a multi-objective optimization algorithm was executed. In the second scenario, three objective functions
comprising the ecological function, ECOP and exergetic performance criterion were maximized at the same
time by employing multi objective optimization algorithms. In the third scenario, in order to minimize the
entransy dissipation and maximize the ECOP and EECF, a multi-objective optimization algorithm was
executed. In the fourth scenario, three objective functions comprising the exergetic performance criterion
and ECOP and EECF were maximized at the same time by employing multi objective optimization algo-
rithms. All the strategies in the present work are executed via the multi objective evolutionary algorithms
based on NSGA|| method. Finally, to govern the final answer in each strategy, three well-known decision
makers are executed.

Key words: Entransy analysis / entransy dissipation / entropy generation / ecological function /
optimization

1 Introduction

The thermal energy flow resulting from a tempera-
ture difference named heat transfer process, is one of the
most common physical phenomena in the world, specifi-
cally in energy systems. Estimations all the global energy
consumption propose that over 80% of the energy sys-
tems involve heat transfer processes. Therefore, enhanced
heat transfer efficiency proposes an enormous potential
for both reducing CO2 emission and conserving energy,
thereby reducing global warming [1]. Because of these
benefits, the optimization of heat transfer processes has
increased in importance, which led to the development of
a concept known as entransy. Entransy can be described
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as the heat transfer potential of a system. Thermodynam-
ically, heat transfer is a non-equilibrium and irreversible
process, and there is always entransy dissipation during a
heat transfer process. Heat transfer dissipation is similar
to entropy generation because they are a measurement of
irreversible processes and both of them always increase.
Entransy has been derived by using an analogy of elec-
trical capacitance and can be defined as [2] (see Tab. 1).

Ġ =
1
2
Q̇T (1)

where Ġ stands for the quantity of entransy (kWK), Q̇
represents the heat stored in the object (kW) and T de-
notes the temperature of the object (K). Using an anal-
ogy with electric capacitance, Q̇ represents the thermal
charge, which is similar to the electric charge, and T
represents the thermal potential, which is similar to the
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Table 1. Optimum answers achieved via decision makers for the first scenario.

Decision Making
Decision variables Objectives

Method
x y τ Ex (kW) EECF ECOP

TOPSIS 0.649 1.046 3.000 821.962 445.495 1.204
LINMAP 0.629 1.044 3.000 801.621 459.036 1.363

Fuzzy 0.446 1.040 3.000 467.976 385.386 4.762

electrical potential. An entransy balance equation can
be written from the thermodynamic point of view as
follows [3]:

ĠH − ĠL − Ġd − Ġw − Ġlk = 0 (2)

where ĠH is the entransy flow at the hot temperature
heat source, ĠL is the entransy flow at the heat low tem-
perature heat source, Ġd is the entransy dissipation, Ġw

is the work entransy and Ġlk is the heat leak entransy.
Although there are papers in the literature regarding en-
transy [1–33], very few studies exist on the entransy anal-
ysis of thermodynamic cycles [2–6]. In this paper, en-
transy analyses of irreversible Carnot-like heat engine and
refrigeration cycles are conducted. In addition, the en-
transy dissipation value of the systems is defined and the
relationships between the power output, exergy output,
entropy generation and entransy dissipation values for a
heat engine and the relationships between power input,
exergy input, entropy generation and entransy dissipation
for a refrigeration cycle are defined.

Multi objective optimization is a great asset for solv-
ing engineering issues [34–36]. Özyer and colleagues [34]
evolved an intellectual model for prospect calculation by
using of evolutionary algorithms. The multi-objective op-
timization is performed by various engineering issues such
as vehicle routing problems with Time Windows [35]. Ble-
cic and colleagues [36] illustrated a decision support sys-
tem called Bay MODE on the basis of multi objective
optimization and Bayesian analysis.

Unraveling a multi-objective issue for the best per-
formance is a complex issue because it requests synchro-
nized fulfillment of different and occasionally conflicting
objective functions. For unraveling such problems, var-
ious approaches including evolutionary algorithms (EA)
were introduced in 20th century to help some multi objec-
tive issues [37]. The target of a multi-objective problem
is to find a category of answers; each answer satisfies the
objective functions [38]. The outcome will be a series of
answers named Pareto frontier that reveals possible an-
swers in the objective area. Multi-objective optimization
method was widely employed in energy systems engineer-
ing exponentially [39–67].

In this work, four optimization scenarios are defined
for the irreversible heat engine. In the first scenario, in
order to maximize the exergy output, ECOP and EECF,
a multi-objective optimization algorithm was executed.
In the second scenario, three objective functions compris-
ing the ecological function, ecological coefficient of per-
formance and exergetic performance criterion were max-
imized at the same time by employing multi objective

optimization algorithms. In the third scenario, in order
to minimize the entransy dissipation and maximize the
ECOP and EECF, a multi-objective optimization algo-
rithm was executed. In the fourth scenario, three objec-
tive functions comprising the exergetic performance cri-
terion and ECOP and exergy-based ecological function
were maximized at the same time by employing multi ob-
jective optimization algorithms. For determining the fi-
nal answer from Pareto frontiers (answers) three efficient
decision makers were implemented comprising LINMAP,
TOPSIS and Fuzzy techniques.

2 System description and thermodynamic
analysis

2.1 System description and assumptions

A heat engine is described as a machine that produces
work by absorbing heat from a high temperature heat
source and rejecting a proportion of this heat to low tem-
perature heat sink. The most widely known heat engine
is the Carnot engine developed by Sadi Carnot. This en-
gine is assumed to be totally reversible, and it provides
scientists or engineers the upper limits of the work that
can be generated in a system and the maximum thermal
efficiencies obtained from it. Similar to Carnot engines,
Carnot refrigeration can be defined. A Carnot refrigera-
tion system operates as a Carnot heat engine in reverse,
i.e., work is obtained from environment to the machine
to transfer heat from the low temperature heat source
to high temperature heat sink. As with a Carnot heat
engine, a Carnot refrigerator is assumed as totally re-
versible. Hence, a Carnot refrigerator uses the minimum
amount of work and has the maximum COP (coefficient of
performance). However, a reversible cycle does not exist
in reality. The irreversible Carnot-like heat engine model
studied in this paper are shown in Figure 1.

The below presumptions are included in the thermo-
dynamic analysis:

– All processes are irreversible.
– The system operates in steady state conditions.
– The environmental conditions are To = 298.15 K and

Po = 100 kPa.

The thermodynamic calculations were performed accord-
ing to the model used by Chen et al. [68]. Although similar
analyses and methods exist in the literature [69–73], they
do not include an entransy analysis.
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Fig. 1. Schematic of the irreversible heat engine.

2.2 Thermodynamic analysis of the irreversible
heat engine

The heat absorbed by the system Q̇H from the high
temperature heat source at the evaporator, the heat re-
jected by the system Q̇L to the low temperature heat sink
at the condenser and the heat leakage q̇ can be defined as
follows:

Q̇H = kH(TH − TE) (3)

Q̇L = kL(TE − TL) (4)
q̇ = c(TH − TL) (5)

where kH and kL are the heat conductances (kW.K−1)
of the evaporator and the condenser, respectively, c is
the heat conductance of the heat leak (kW.K−1), TH, TL,
TE and TC are the temperature of the hot temperature
heat source, the temperature of the low temperature heat
source, the evaporator temperature and the condenser
temperature (K). Because heat transfer in the condenser
and evaporator does not occur at a constant temperature,
all the heat transfer processes are irreversible. Some pa-
rameters are provided to facilitate the calculations: the
temperature ratio of the evaporator and condenser:

x =
TC

TE
(6)

the ratio of the heat conductances

y =
kH

kL
(7)

and the sum of the heat conductances

z = kH + kL (8)

From the first law of thermodynamics, which formulates
the energy balance for any system, the following equation
can be written:

Ẇ = Q̇H − Q̇L (9)

In which Ẇ (kW) stands for the power output of the
system. From the second law of thermodynamics an in-
ternally irreversible parameter (I) is defined as:

I
Q̇H

TE
=

Q̇L

TC
(10)

I is greater than one for irreversible cycles and it is equal
to zero for endoreversible cycles. The entropy generation
equation can be defined as:

Sgen =

(
Q̇L

TL
− Q̇H

TH

)
+ q̇

(
1
TL

− 1
TH

)
(11)

where Sgen (kW.K−1) is the entropy generation. The ex-
ergy output of the system is:

Ex = Q̇H

(
1 − T0

TH

)
− Q̇L

(
1 − T0

TL

)
(12)

In which Ex denotes the exergy output, and T0 repre-
sents the temperature of the surrounding environment.
The energetic and exergetic efficiencies of the system can
be defined by Equations (13) and (14), correspondingly:

η =
Ẇ

Q̇H

(13)

ϕ =
Ẇ

Ex
(14)

The entransy equations of Ġd; ĠH; ĠL; ĠW; Ġlk can be
defined as follows:

ĠH =
1
2
kE(T 2

H − T 2
E) (15)

ĠL =
1
2
kC(T 2

C − T 2
L) (16)

ĠW = ẆT0 (17)

Ġlk =
1
2
q̇T0 (18)

Ġd = ĠH − ĠL − ĠW − Ġlk (19)

Using (3)–(19), the power output, exergy output, entropy
generation, entransy dissipation, energy efficiency and ex-
ergy efficiency can be formulated as below:

Ẇ =
zy(Ix − 1)(TL − THx)

x(1 + y)(I + y)
(20)

Ex =
zy(TLT0 − TH(TL − ITLx + IT0x))(TL − THx)

xTHTL(1 + y)(I + y)
(21)

see equation (22) next page.

η = 1 − Ix (23)

φ =
(1 − Ix)TH

(TH − TL)
(24)
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Fig. 2. Graphical demonstration of the MOEA approach employed in this research [39–67]

Sgen =
c(TH − TL)2x(1 + y)(I + y) + zy(TL − THx)(TH − ITLx)

xTHTL(1 + y)(I + y)
(22)

Ecological function, ECOP and exergetic performance cri-
terion are calculated as following:

ECF = W − T0Sgen (25)

ECOP =
W

T0Sgen
(26)

EPC =
Ex

T0Sgen
(27)

Exergy-based ecological function (EECF) (kW) of the
cycle is written:

EECF = Ex − T0Sgen (28)

3 Multi-objective optimization

The multi-objective optimization method was exe-
cuted to optimize heat engine system to specify the sys-
tem design variables. To assess this, Genetic algorithms
(GA) implement iterative and stochastic search process
to determine optimum solution. The chief concepts of GA
and box-chart of the aforementioned methodology are de-
picted through Figure 2 [39–67].

3.1 Objective functions, decision variables
and constraints

The Ex and ECOP and EECF are three objective
functions for the first scenario, which are evaluated via
Equations (21), (26) and (28).

The ecological function, ECOP and exergetic perfor-
mance criterion are three objective functions for the sec-
ond scenario, which are evaluated via Equations (25)–
(27).

The entransy dissipation (Ġd) and ECOP and EECF
are three objective functions for the third scenario, which
are evaluated via Equations (19), (26) and (28).

The ECOP, exergetic performance criterion and
exergy-based ecological function are three objective func-
tions for the fourth scenario, which are evaluated via
Equations (26)–(28).

The below decision parameters were opted in this
research:
x: The temperature ratio of the evaporator and con-

denser.
y: The ratio of the heat conductances.
τ : The temperature ratio.
Even though the decision variables would be different in
the optimization process, each should be in a proper inter-
val. By assuming the below limits the objective functions
are resolved:

0.2 ≤ x ≤ 0.65 (29)
1 ≤ y ≤ 1.6 (30)

2.5 ≤ τ ≤ 3 (31)

To determine the final solution from Pareto optimum
frontier, three efficient decision makers comprising TOP-
SIS, Fuzzy and LINMAP are employed. Detail explana-
tions of the aforementioned decision makers can be found
in references [45–67].
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4 Results and discussion

The sensitivity of the objective functions to the deci-
sion variables was examined. As shown in Figure 3a, the
ecological function (ECF) increases with the increasing
of the temperature ratio of the evaporator and condenser
x until the ecological function (ECF) reaches maximum
value and then reduces with the rising of the temperature
ratio of the evaporator and condenser x.

As shown in Figure 3b, the exergy-based ecological
function (EECF) rises with the rising of the temperature
ratio of the evaporator and condenser x until the exergy-
based ecological function (EECF) reaches maximum value
and then reduces with the rising of the temperature ratio
of the evaporator and condenser x.

As shown in Figure 3c, the entransy dissipation (Ġd)
rises with the rising of the temperature ratio of the evapo-
rator and condenser x until the entransy dissipation (Ġd)
reaches maximum and then reduces with the rising of the
temperature ratio of the evaporator and condenser x.

As shown in Figure 3d, the exergetic performance cri-
terion (EPC) reduces with the increasing of the temper-
ature ratio of the evaporator and condenser x until the
exergetic performance criterion (EPC) is minimized and
then rises with the rising of the temperature ratio of the
evaporator and condenser x until the exergetic perfor-
mance criterion (EPC) reaches maximum and then re-
duces with the rising of the temperature ratio of the evap-
orator and condenser x.

As shown in Figure 3e, the ECOP decreases with the
increasing of the temperature ratio of the evaporator and
condenser x until the ECOP is minimized and then in-
creases with the increasing of the temperature ratio of
the evaporator and condenser x until the ECOP reaches
maximum and then reduces with the rising of the tem-
perature ratio of the evaporator and condenser x.

The sensitivity of the objective functions to the de-
cision variables was examined. As shown in Figure 4a,
the ecological function (ECF) rises with the rising of the
temperature ratio of the evaporator and condenser x until
the ecological function (ECF) reaches maximum and then
reduces with the rising of the temperature ratio of the
evaporator and condenser x. As illustrated in Figure 4a,
consider constant value of the temperature ratio of the
evaporator and condenser x, by increasing the value of
the temperature ratio the value of the ecological function
(ECF) increased.

As shown in Figure 4b, the EECF rises with the rising
of the temperature ratio of the evaporator and condenser
x until the EECF reaches maximum value and then re-
duces with the rising of the temperature ratio of the evap-
orator and condenser x. As shown in Figure 4b, at con-
stant value of the temperature ratio of the evaporator and
condenser x, by rising the value of the temperature ratio
the value of the exergy-based ecological function (EECF)
increased.

As shown in Figure 4c, the entransy dissipation (Ġd)
rises with the rising of the temperature ratio of the evapo-
rator and condenser x until the entransy dissipation (Ġd)
reaches maximum value and then reduces with the rising

of the temperature ratio of the evaporator and condenser
x. As shown in Figure 4c, at constant value of the temper-
ature ratio of the evaporator and condenser x, by rising
the value of the temperature ratio the value of the en-
transy dissipation (Ġd) increased.

As shown in Figure 4d, the exergetic performance cri-
terion (EPC) reduces with the increasing of the temper-
ature ratio of the evaporator and condenser x until the
exergetic performance criterion (EPC) is minimized and
then increases with the rising of the temperature ratio of
the evaporator and condenser x until the exergetic perfor-
mance criterion (EPC) reaches maximum value and then
reduces with the rising of the temperature ratio of the
evaporator and condenser x.

As shown in Figure 4e, the ECOP decreases with the
increasing of the temperature ratio of the evaporator and
condenser x until the ECOP is minimized and then rises
with the rising of the temperature ratio of the evaporator
and condenser x until the ECOP reaches maximum value
and then reduces with the rising of the temperature ratio
of the evaporator and condenser x.

4.1 Results of first scenario

Using multi-objective optimization on the basis of the
NSGA-II method, the exergy output, the EECF and the
ECOP are maximized in the same time. The objective
functions and the restrictions which were employed in
the optimization, are formulated by Equations (21), (26)
and (28) and (29)–(31) respectively. The temperature ra-
tio of the evaporator and condenser, the ratio of the heat
conductances, are presumed as design variables in the op-
timization process. Following properties of the irreversible
heat cycle system are presumed as below [74]:

z = 10 (kW.K−1), T0 = 298.15 (K),

c = 0.02 (kW.K−1), TL = 400 (K)

Pareto optimal frontier for three objective functions, ob-
jective function associated to the exergy output, EECF
and ECOP of the irreversible heat engine cycle are de-
picted in Figure 5.

Table 1 demonstrates the optimal outputs achieved for
decision parameters and objective functions via running
TOPSIS, Fuzzy and LINMAP decision makers for first
scenario.

Table 2 demonstrates the error evaluation of the used
decision makers. Two different statistical error indexes
including MAAE (Maximum Absolute Percentage Error)
and MAPE (Mean Absolute Percentage Error) are em-
ployed to calculate the errors of each decision maker. Ta-
ble 2 presents the MAAE and MAPE of each decision
maker.

4.2 Results of second scenario

Three considered objective functions for optimiza-
tion are the ecological function, ECOP and exergetic
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(a)

(b)

(c)

Fig. 3. Effects of the temperature ratio of the evaporator and condenser x at various values of the ratio of the heat conductances
(y) on the (a) the ecological function, (b) the exergy-based ecological function (c) the EECF, (d) the exergetic performance
criterion, (e) the ECOP in τ = 3.
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(d)

(e)

Fig. 3. Continued.

Table 2. Error analysis of the answers achieved for the first scenario.

Decision Making TOPSIS LINMAP Fuzzy
Method

Objectives Ex EECF ECOP Ex EECF ECOP Ex EECF ECOP
Max Error % 0.226 0.149 0.810 0.150 0.030 0.334 0.118 0.070 0.277

Average Error % 0.222 0.134 0.769 0.127 0.016 0.258 0.061 0.043 0.199
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(a)

(b)

(c)

Fig. 4. Effects of the temperature ratio of the evaporator and condenser x at various values of the ratio of the temperature
ratio τ on the (a) the ecological function, (b) the exergy-based ecological function (c) the EECF, (d) the exergetic performance
criterion, (e) the ECOP in y = 1.

204-page 8



M.H. Ahmadi: Mechanics & Industry 18, 204 (2017)

(d)

(e)

Fig. 4. Continued.

performance criterion (should be maximized) which for-
mulated via Equations (25)–(27), correspondingly.

Objective functions are expressed by Equa-
tions (25)–(27) and restrictions are presented by
Equations (29)–(31).

The properties of the irreversible heat engine cycle are
assumed as below [74]

z = 10 (kW.K−1), T0 = 298.15 (K),

c = 0.02 (kW.K−1), TL = 400 (K)

Figure 6 shows the Pareto frontier in the suggested objec-
tives’ space achieved in the optimization strategy. Three
final answers were chosen via the Fuzzy Bellman-Zadeh,
LINMAP and TOPSIS decision-makers which are high-
lighted in Figure 6.

Table 3 demonstrates the optimal outputs achieved for
decision parameters and objective functions via running
TOPSIS, Fuzzy and LINMAP decision makers for second
scenario.

Same as previous strategy, Table 4 demonstrates the
error evaluation of the used decision makers. Two differ-
ent statistical error indexes including MAAE and MAPE
are employed to calculate the errors of each decision
maker. Table 4 presents the MAAE and MAPE of each
decision maker.

4.3 Results of third scenario

Using multi-objective optimization on the basis of
the NSGA-II method, the entransy dissipation (Ġd) is
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Fig. 5. Pareto optimum frontier in the objectives’ space for first scenario.

Fig. 6. Pareto optimum frontier in the objectives’ space for second scenario.

Table 3. Optimum answers achieved via decision makers for second scenario.

Decision Making
Decision variables Objectives

Method
x y τ ECOP ECF (kW) EPC

TOPSIS 0.376 1.028 3.000 8.670 178.240 9.328
LINMAP 0.379 1.029 3.000 8.517 187.310 9.198

Fuzzy 0.403 1.029 3.000 6.952 250.937 7.763

Table 4. Error analysis of the answers achieved for the second scenario.

Decision Making TOPSIS LINMAP Fuzzy
Method

Objectives ECOP ECF (kW) EPC ECOP ECF (kW) EPC ECOP ECF (kW EPC
Max Error % 0.108 0.344 0.083 0.074 0.200 0.059 0.029 0.040 0.025

Average Error % 0.065 0.212 0.050 0.056 0.145 0.045 0.017 0.022 0.014
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Fig. 7. Pareto optimum frontier in the objectives’ space for third scenario.

Table 5. Optimum answers achieved via decision makers for third scenario.

Decision Making
Decision variables Objectives

Method
x y τ ECOP EECF (kW) Ġd (kW.K)

TOPSIS 0.471 1.518 2.809 4.410 319.508 1237442.903
LINMAP 0.486 1.358 2.776 4.022 329.957 1215227.508

Fuzzy 0.459 1.503 2.690 5.429 243.329 1093384.648

Table 6. Error analysis of answers achieved for the third scenario.

Decision Making TOPSIS LINMAP Fuzzy
Method

Objectives ECOP EECF Ġd ECOP EECF Ġd ECOP EECF Ġd

Max Error % 2.734 7.766 6.737 2.055 3.081 3.199 5.713 5.307 6.139
Average Error % 1.639 7.404 6.433 1.334 2.603 3.026 3.526 4.869 3.238

minimized and ECOP and EECF are maximized simulta-
neously. The objective functions and the restrictions are
expressed via Equations (19), (26) and (28) and (29)–
(31) respectively. The temperature ratio of the evapora-
tor and condenser, the ratio of the heat conductances are
presumed as design variables in the optimization process.
The below properties of the irreversible heat engine cycle
system are presumed as follows [74]:

z = 10 (kW.K−1), T0 = 298.15 (K),

c = 0.02 (kW.K−1), TL = 400 (K)

Pareto optimum frontier for three objective functions,
objective function associated to the entransy dissipation
(Ġd), ECOP and EECF of the irreversible heat engine
cycle are represented in Figure 7.

Table 5 demonstrates the optimal outputs achieved
for decision parameters and objective functions via run-
ning TOPSIS, Fuzzy and LINMAP decision makers for
the third scenario.

Same as previous strategy, Table 6 demonstrates the
error evaluation of the used decision makers. Two differ-
ent statistical error indexes including MAAE and MAPE
are employed to calculate the errors of each decision

maker. Table 6 presents the MAAE and MAPE of each
decision maker.

4.4 Results of fourth scenario

Using multi-objective optimization based on the
NSGA-II algorithm, the ECOP, exergetic performance
criterion and EECF are maximized simultaneously. The
objective functions and the restrictions are formulated by
Equations (26)–(28) and (29)–(31) respectively. The tem-
perature ratio of the evaporator and condenser, the ratio
of the heat conductances are presumed as design vari-
ables in the optimization process. The below features of
the irreversible heat engine cycle system are presumed as
follows [74]:

z = 10 (kW.K−1), T0 = 298.15 (K),

c = 0.02 (kW.K−1), TL = 400 (K)

Pareto optimum frontier for three objective functions, ob-
jective function associated to the ECOP , exergetic perfor-
mance criterion and EECF of the irreversible heat engine
cycle are represented in Figure 8.
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Fig. 8. Pareto optimum frontier in the objectives’ space for fourth scenario.

Table 7. Optimum answers achieved via decision makers for the fourth scenario.

Decision Making
Decision variables Objectives

Method
x y τ ECOP EECF (kW) EPC

TOPSIS 0.374 1.032 3.000 8.787 184.050 9.423
LINMAP 0.376 1.037 3.000 8.646 195.338 9.308

Fuzzy 0.421 1.033 3.000 5.912 332.937 6.774

Table 8. Error analysis of the results achieved for the fourth scenario.

Decision Making TOPSIS LINMAP Fuzzy
Method

Objectives ECOP EECF (kW) EPC ECOP EECF (kW) EPC ECOP EECF (kW) EPC
Max Error % 0.178 0.833 0.128 0.211 0.658 0.164 0.164 0.141 0.137

Average Error % 0.107 0.507 0.078 0.198 0.657 0.154 0.148 0.117 0.124

Table 7 demonstrates the optimal outputs achieved
for decision parameters and objective functions via run-
ning TOPSIS, Fuzzy and LINMAP decision makers for
the fourth scenario.

Same as previous strategy, Table 8 demonstrates the
error evaluation of the used decision makers. Two differ-
ent statistical error indexes including MAAE and MAPE
are employed to calculate the errors of each decision
maker. Table 8 presents the MAAE and MAPE of each
decision makers.

5 Conclusions

In this paper the thermodynamic analysis is applied
on an irreversible heat engine cycle. Effects of the tem-
perature ratio of the evaporator and condenser, the ra-
tio of the heat conductances, the temperature ratio are
included in the evaluation of the exergy output, the eco-
logical function, the exergetic performance criterion, the
exergy-based ecological function and the ECOP of an ir-
reversible heat engine cycle using thermodynamic anal-
ysis. Moreover, optimum settings of the aforementioned
objective functions comprising the exergy output, the eco-
logical function, the exergetic performance criterion, the

exergy-based ecological function and the ECOP are spec-
ified.

In the multi-objective optimization approach, three
separate variables, the temperature ratio of the evapora-
tor and condenser, the ratio of the heat conductances, the
temperature ratio, are assumed as the decision parame-
ters. Three effective decision makers were employed to
indicate a final solution from the solutions achieved from
multi-objective optimization.
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