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ABSTRACT: In this study, a multi-objective optimization method founded on genetic algorithms is 
implemented to obtain optimized geometrical parameters for the plate heat exchanger configuration 
which causes pressure drop minimization and overall heat transfer coefficient maximization. This heat 
exchanger is basically designed as an evaporator of Organic Rankine Cycles by considering R123 as the 
working fluid. It is supposed that water vapor with entrance temperature of 150^° C is deployed as hot 
fluid. A multi-objective optimization method founded on genetic algorithms is implemented to optimize 
geometrical parameters for the heat exchanger configuration which leads to pressure drop minimization 
and overall heat transfer coefficient maximization. Two objective functions are conflicting with each 
other that both single and two-phase flow scenarios are also addressed. In the present optimization 
method, a Pareto solution is used which permits the derivation of a mathematical relation between the two 
objective functions simultaneously and yields the optimal geometrical parameters for heat exchangers 
subjected to constraints associated with the Pareto optimal set. A detailed sensitivity analysis has been 
conducted for each geometrical parameter and the effects of each parameter on key design characteristics 
have been evaluated. Both objective functions of the overall heat transfer coefficient and the total drop 
are reduced, by increasing the ports’ diameter and, due to increasing the thickness of each plate inside 
the plate heat exchanger, the two-sheet spacing will naturally reduce.
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1- Introduction
With considerable growth in the global human popula-

tion, demand for efficient and sustainable energy systems is 
ever greater. The depletion in primary fossil fuels and energy 
waste and significant ecological impact associated with these 
systems have also contributed to the tremendous demand for 
alternative renewable energy designs which are clean, cheap-
er, and environmentally friendly. Electricity generation by 
burning fossil fuels exerts substantial damage to the planet 
and it is crucial to increase conversion efficiencies to gain 
optimum potential of our resources. The sizeable losses in-
curred via heat transfer from hot surfaces, steam generation 
losses, leakages, poor insulation, and inability to extract com-
plete solar flux have also increased demand for improving 
thermodynamic efficiencies. There is an ever-growing trend 
for Combined Heat and Power (CHP) designs in which heat 
can be recycled and utilized for electrical power [1-4]. 

An Effective technology for this recycling is the Organic 
Rankine Cycle (ORC), which uses organic fluids as work-
ing fluids [5-7]. The thermal energy needed to evaporate the 
working fluid can be provided by solar thermal collectors. The 
principal components of ORC-based heat exchangers include 
turbines (expander) and pumps. Evaporators and condensers 

have been also deployed as heat exchangers in the cycle and 
in fact constitute the most critical components of the cycle. 
Research has demonstrated strongly that heat exchangers in 
the organic Rankine cycle (evaporator and condenser) con-
tribute exergy losses of 70% to 90% of the total exergy cycle 
[8] and 40% to 90% of the capital cost of the cycle. Therefore, 
the screening, design, and optimization of heat exchangers 
are fundamental for increasing the overall performance of 
ORC. Many investigations have been performed on param-
eter optimization of thermodynamic working fluids and ORC 
for various applications. Economic criteria, environmental 
impact, and working and production safety are several key 
factors that contribute to selecting ORC working fluids in 
low-temperature resources [9, 10]. Papadulos et al. [11] con-
sidered the systematic design and selection of optimal work-
ing fluid in an organic Rankine cycle by using the Continuous 
Approximation of Material Distribution (CAMD) optimiza-
tion technique, which selects the appropriate fluid via multi-
objective optimization. Dai et al. [12] investigated the effects 
of turbine inlet pressure and temperature on the exergy effi-
ciency with a variety of working fluids. They also conducted 
parametric optimization of ORC by means of Genetic Algo-
rithms (GA). 
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Numerous works have also investigated the selection of 
ORC fluids based on fluid- and process-related properties 
by testing various available fluids in ORC simulation mod-
els [13-15]. Hung et al. [16] studied an ORC by using differ-
ent wet, dry, and isentropic fluids. Dry and isentropic fluids 
showed better thermal efficiencies and moreover, they were 
observed to not condense during expansion in the turbine, 
thereby reducing damage and wear during machine opera-
tions. Ibarra et al. [17] analyzed the performance of the ORC 
in part-load operation with R245fa and Sdkaterm SES36 
working fluids to study the thermodynamic behavior of the 
elements and determine the best point for each power level. 
ORC sustains power to 5kW at a maximum temperature of 
145 C °

 by using a scroll expander. The results further dem-
onstrated that the scroll isentropic efficiency has a profound 
impact on the cycle performance and thermal efficiency and 
that SES36 generates higher efficiency as a working fluid 
compared with R245fa. Misra and Roy [18] investigated the 
performance of two R123 and R134a fluids in ORC systems 
with  regeneration under constant pressure and superheating 
conditions. In this study, the output turbine efficiency, irre-
versibility, second law efficiency in the constant state, and the 
variable temperature source were compared and R123 was 
recommended as the premier fluid. Wang et al. [19], com-
pared the relative performance of thirteen different working 
fluids. Employing simulated refrigeration of the elements, 
they optimized the ORC parameters and compared the effects 
of changes in the source temperature and the difference in 
the pinch temperature on the performance to attain optimum 
cost. The results indicated that R123 is the best fluid for heat 
sources at temperatures between 100 ℃ to 180 ℃ and R141b 
is the most appropriate fluid for temperatures above 180 ℃. 
They also determined that the optimum pinch temperature dif-
ference should be set at 15℃. Mago et al. [20] presented a 
second law analysis for the use of ORC to convert low-grade 
heat to power. They found R123 shows the best efficiency for 
heat source temperatures between 380 and 430 K. Yari [21], 
Huijuan et al. [22] and Roy et al. [23] studied the operation 
of fluids in an ORC and concluded that R123 fluid is a desir-
able and suitable fluid compatible with the thermodynamic 
cycle structure and efficiency of the ORC and is therefore the 
optimal working fluid. 

Many studies have focused on the parametric and struc-
tural optimization of ORC involving different variables and 
considering different objectives. Wang and Sunden [24] pre-
sented a design method for Plate Heat Exchangers (PHEs) 
with and without pressure drop specifications. Full utilization 
of allowable pressure drop was elected as the design objec-
tive, in the case of design with pressure drop specification. In 
the case of no pressure drop specification, allowable pressure 
drops were determined through economical optimization. 
Karellas et al. [25] investigated the influence of the ORC pa-
rameters on the heat exchanger design for supercritical ther-
modynamic conditions. They concluded that the increase in 
efficiency is proportionated with cost increases, and the se-
lection of fluid in the supercritical mode is a very convenient 
and effective mode of operation.  Yan and Lin [26] studied the 

heat transfer and pressure drop in a plate heat exchanger with 
R134a fluid. They evaluated the effects of refrigerant mass 
flow, average mass flux, system pressure, and steam quality of 
R134a showing that in the higher steam quality, heat transfer 
coefficient and pressure drop are significantly higher than the 
increase of refrigerant mass flow which induces only a slight 
increase in the amount of heat transfer coefficient and pres-
sure drop. Accordingly, some relations were presented for the 
heat transfer coefficients and the pressure drop in terms of 
Nusselt number (wall heat transfer rate) and friction coeffi-
cient. Vaziri et al. [27] presented a new analytical formulation 
for an axisymmetric thick‐walled functionally graded (FG) 
material cylinder with power‐law variation in mechanical and 
thermal properties under transient heating using first-order 
shear deformation theory that their methodology and FG ma-
terials are useful for heat-exchanger optimization. Walraven 
et al. [28] optimized and compared shell-and-tube and plate 
heat exchangers in an ORC, although their study was limited 
by a single objective evaluation of the exergy efficiency. The 
results indicate that plate heat exchangers have a better per-
formance in this cycle. 

In recent years, several solutions have been used to op-
timize processes in the energy industry. One very popular 
method which has been adopted widely is that of genetic and 
evolutionary algorithms [29, 30]. Specifically, genetic algo-
rithms, by virtue of their customizable characteristics, are an 
appropriate method to deal with multi-objective optimiza-
tion problems [23]. Many studies have been conducted in the 
optimization of the structure and equipment of the Rankine 
cycle (especially on heat exchangers) with computer codes 
based on genetic algorithms [31-33]. Wang et al. [34] focused 
principally on the multi-objective optimization of a plate heat 
exchanger working as an ORC condenser. The optimization 
objectives selected were the pressure drop and heat transfer 
of surface area. In a subsequent study, multi-objective opti-
mization of the whole ORC was presented. Hilbert et al. [35] 
considered heat exchange and pressure drop as objectives 
and performed multi-objective optimization to find the op-
timum geometry which can satisfy both objectives to a de-
sirable level. Najafi and Najafi [36] investigated the multi-
objective optimization (with genetic algorithms) of a plate 
heat exchanger by optimizing geometric parameters, permit-
ting the determination of the lowest amount of pressure drop 
and maximum total heat transfer coefficient. In this method 
of optimization, the Pareto solution was used to establish a 
relationship between the objective functions and provided 
several geometric parameters in the presence of constraints, 
which were assumed as the best solution. Further studies of 
genetic algorithm-based and neural network multi-objective 
optimization of thermodynamic cycles have been communi-
cated by Rashidi et al. [37] and Bég et al. [38].

In the present article, a PHE is modeled with multi-objec-
tive optimization via a genetic algorithm to obtain the optimal 
geometric parameters which minimizes the pressure drop and 
maximizes the total heat transfer coefficient. Consequently, 
a set of optimal solutions based on a Pareto solution is pre-
sented which optimizes the two objective functions of heat 
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transfer and pressure drop. R123 and vapor water at tempera-
ture 150℃ have been deployed as the working fluid in the 
ORC (cold fluid at evaporator entrance) and as a heat source 
respectively. The optimization of the plate heat exchanger 
and its optimal structure, such as an evaporator in an organic 
Rankine cycle (organic fluid), have been investigated in both 
single-phase and two-phase flows. Therefore, the calculations 
have been carried out by considering that in the cold evapo-
rator fluid and within each layer of the plate heat exchanger, 
there are three liquid states i.e. two phases and vapor. The 
calculations have been done for all three modes, and finally, 
the optimal structure of the desired converter has been deter-
mined.

2- Methodology
2- 1- Description of the ORC

The schematic diagram (plan) of the ORC examined in 
this study is given in Fig. 1. The basic ORC consists of a 
pump which pressurizes the working fluid and directs it over 
to the evaporator. In the evaporator, the working fluid is heat-
ed to the vapor saturated point and then the working fluid 
expands through the turbine and produces mechanical work. 
This shaft power is then converted to electricity by the gen-
erator. 

2- 2- Plate heat exchanger 
A plate heat exchanger is assumed as the evaporator in the 

organic Rankine cycle due to its high efficiency and compact 
structure. The plate heat exchangers are fabricated of thin 
plates that form the flow channels. In the ORC system, the 
evaporator is a very important component which can influ-
ence the overall system performance with respect to the heat 

sink of the thermodynamic cycle [34]. A plate heat exchanger 
uses an evaporator in the organic Rankine cycle because of its 
high efficiency. Fig. 2 illustrates the geometric characteristics 
of the plate heat exchanger.

R123 is selected as the working fluid in the ORC due to 
its good thermodynamic properties and low environmental 
impacts and water is used to heat the fluid R123 in the evapo-
rator.

2- 3- Plate heat exchangers equations
To simplify the theoretical models of the PHE, a set of 

assumptions is introduced in the following: 
1- Heat losses to or from the surroundings and kinetic and 

potential energy changes are negligible. 
2- Fouling effects are negligible.
3- The heat exchanger operates under steady-state condi-

tions.
The heat transfer processes for single-phase flow and two-

phase flow are respectively discussed next. First, plate heat 
exchangers’ geometrical equations are formulated. Then, for 
each of the two-phase and single-phase cases in the heat ex-
changer, the equations for heat transfer and pressure drop in 
each section are presented. 

2- 4- Geometric equations for heat exchangers
The length ratio of the PHE is defined as follows with 

reference to Fig. 2:
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Fig. 1. Schematic of the organic Rankine cycle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Schematic of the organic Rankine cycle
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Here, A1p can be found using: (1) 1
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Further:
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The mean flow channel gap, b, can be determined using 
the following relations:
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2- 4- 1- Single-phase heat transfer and pressure drop
The heat transfer rate is given by:
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Here,  m  is mass flow rate (kg/s), pC   is specific heat 
capacity (J/kgK) and  
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where tN  and pN  specify the number of plates and 
number of passes, respectively and  µ  denotes the dynamic 
viscosity of the working fluid (kgm/s). A popular method 
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Fig. 2. Geometric characteristics of plate heat exchanger 
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which is used for the heat transfer coefficient (Nusselt Num-
ber) calculations in plate and frame heat exchangers is pre-
sented by Martin [39]:
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Here, bµ   is the bulk fluid dynamic viscosity,  wµ  is the 
dynamic viscosity of the fluid at the wall and β is the inclina�-
tion of a plate to the horizontal. The difference between these 
viscosities is neglected. Pr designates the key thermofluid 
property parameter in heat transfer i.e. Prandtl number. For 
a single plate with pcf  the Fanning friction factor is given 
by [40]:
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Here, 0f  is the Fanning friction coefficient if β  =0 and 
1f  is the Fanning friction coefficient if 1β = . These coeffi-

cients are given respectively (with the appropriate range of 
Reynolds numbers) by:
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The convection heat transfer coefficient for the single-
phase flow case is expressed as:
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Here, kf denotes the working fluid thermal conductivity 
(W/mK) and h has units of (W/K).

The total pressure drop is composed of the frictional chan-
nel pressure drop,
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where ρ is the fluid density (kg/m3) and the friction fac-
tor, f, is defined by the following equation for the frictional 
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The pressure drop in the port ducts is expressed as [36]:
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As a result, the overall pressure drop in the single-phase 
mode is as follows:
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It is important to note that working fluids here are assumed 
to be stable, non-fouling, non-corrosive, non-flammable, and 
non-toxic, all desirable features for safe ORC systems.

2- 4- 2- Two-phase heat transfer and pressure drop
Han et al. [41] developed correlations for the pressure 

drop and heat transfer in Chevron-type plate heat exchangers 
during evaporation. The heat transfer coefficient is correlated 
as:
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where

 
 

f

e

Nuk
h

D
=  

(16) 

 
(17) 0.172

4 .
.

.2
.eef p ch b

ch
e w

L N G
p f

D


 

−   
 =        

 

(18) 
p

m
ch

k
f

Re
= 

(19) 2

1.4
2

p
p p

G
p N


 = 

(20) 
2

4
p

p

mG
D

= 

(21) 
sp p chp p p =  + 

(22) ( )( )( )2 0.3 0.4
1  C

eq eqNu C Re Bo Pr= 
(23) 0.041 2.83

1 2.81( )  bC
De

− −= 

(24) 

 

0.082 0.61
2 0.746( )  bC

De
−= 

 

(25) 

(26) 

1

 eq e
eq

G D
Re

µ
= 

 eq
eq

qBo
G 

= 

(27) 
( ) 11eq

g

G G x x 


  
= − +      

 

(28) 2

4  
2

fr p eq
fr

e l

f L G
p

D 
 

=  
  

 

(29) 4
3

c
fr eqf C Re= 

(23)

 
 

f

e

Nuk
h

D
=  

(16) 

 
(17) 0.172

4 .
.

.2
.eef p ch b

ch
e w

L N G
p f

D


 

−   
 =        

 

(18) 
p

m
ch

k
f

Re
= 

(19) 2

1.4
2

p
p p

G
p N


 = 

(20) 
2

4
p

p

mG
D

= 

(21) 
sp p chp p p =  + 

(22) ( )( )( )2 0.3 0.4
1  C

eq eqNu C Re Bo Pr= 
(23) 0.041 2.83

1 2.81( )  bC
De

− −= 

(24) 

 

0.082 0.61
2 0.746( )  bC

De
−= 

 

(25) 

(26) 

1

 eq e
eq

G D
Re

µ
= 

 eq
eq

qBo
G 

= 

(27) 
( ) 11eq

g

G G x x 


  
= − +      

 

(28) 2

4  
2

fr p eq
fr

e l

f L G
p

D 
 

=  
  

 

(29) 4
3

c
fr eqf C Re= 

(24)

 
 

f

e

Nuk
h

D
=  

(16) 

 
(17) 0.172

4 .
.

.2
.eef p ch b

ch
e w

L N G
p f

D


 

−   
 =        

 

(18) 
p

m
ch

k
f

Re
= 

(19) 2

1.4
2

p
p p

G
p N


 = 

(20) 
2

4
p

p

mG
D

= 

(21) 
sp p chp p p =  + 

(22) ( )( )( )2 0.3 0.4
1  C

eq eqNu C Re Bo Pr= 
(23) 0.041 2.83

1 2.81( )  bC
De

− −= 

(24) 

 

0.082 0.61
2 0.746( )  bC

De
−= 

 

(25) 

(26) 

1

 eq e
eq

G D
Re

µ
= 

 eq
eq

qBo
G 

= 

(27) 
( ) 11eq

g

G G x x 


  
= − +      

 

(28) 2

4  
2

fr p eq
fr

e l

f L G
p

D 
 

=  
  

 

(29) 4
3

c
fr eqf C Re= 

(25)

 
 

f

e

Nuk
h

D
=  

(16) 

 
(17) 0.172

4 .
.

.2
.eef p ch b

ch
e w

L N G
p f

D


 

−   
 =        

 

(18) 
p

m
ch

k
f

Re
= 

(19) 2

1.4
2

p
p p

G
p N


 = 

(20) 
2

4
p

p

mG
D

= 

(21) 
sp p chp p p =  + 

(22) ( )( )( )2 0.3 0.4
1  C

eq eqNu C Re Bo Pr= 
(23) 0.041 2.83

1 2.81( )  bC
De

− −= 

(24) 

 

0.082 0.61
2 0.746( )  bC

De
−= 

 

(25) 

(26) 

1

 eq e
eq

G D
Re

µ
= 

 eq
eq

qBo
G 

= 

(27) 
( ) 11eq

g

G G x x 


  
= − +      

 

(28) 2

4  
2

fr p eq
fr

e l

f L G
p

D 
 

=  
  

 

(29) 4
3

c
fr eqf C Re= 

(26)

Here, Boeq is the equivalent boiling number. Also, eqG  is 
the equivalent mass velocity, defined as [41]:
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where x  is the vapor quality for each section and lρ and 
gρ  are the densities of saturated liquid and saturated vapor, 

respectively. The frictional pressure drop in one plate during 
evaporation is:
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The correlation for the Fanning friction factor is given 
by:
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The acceleration pressure drop is given by [41]:
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As a result, the overall pressure drop in the single-phase 
regime is as follows:
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Finally, the total pressure drop (evaporator) as a function 
of the objective function is obtained from the following equa-
tion:
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It follows that the total heat transfer coefficient (objec-
tive function) is as follows:
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2- 5- Optimization procedure
A genetic algorithm is used here to solve the optimization 

problem. This approach was pioneered by American physi-
cist and computer scientist, Holland [29] in the mid-1970s. 
The genetic algorithm has been developed on the basis of 
natural selection theory in biological genetic advancements, 
which differs from traditional methods of optimization, since 
it involves searching for solutions of populations, not from 
a single point, which prevents the convergence of the sub-
optimal solutions in the desirable search process and can also 
solve the problem of complex optimization, such as non-
linear or discrete problems as elaborated by Mitchell [42]. 
Genetic algorithms are based on evolutionary theory and the 
problem solved by the genetic algorithm is continuously im-
proved. The genetic algorithm begins with a set of answers 



M. Norouzi et al., AUT J. Mech. Eng., 5(4) (2021) 617-638, DOI: 10.22060/ajme.2021.19168.5935

623

that are shown through the chromosomes. This set of an-
swers is termed the primitive population. In this algorithm, 
responses from a population are used to generate the next 
population. In this process, it is hoped that the new popula-
tion would be better than the previous population. Choos-
ing some of the answers from the total answers (parents) to 
give new answers to the children is based on their desirabil-

ity. It is natural that the appropriate answers have a greater 
chance of reproduction. This process continues until a pre-
determined condition (such as the number of populations or 
the rate of improvement) occurs. This procedure has been 
shown in Fig. 3.

 The evaporator operating condition (functional condi-
tion) is expressed in Table 1.

 

Fig. 3. Flow chart of the Matlab Genetic Algorithm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Flow chart of the Matlab Genetic Algorithm

Table. 1. Evaporator operating condition.
Table. 1. Evaporator operating condition. 

Operating condition Hot Side   Cold Side 

Fluid Steam R123 

PHE inlet temperature 

(°C) 

150 30 

PHE outlet temperature 

(°C) 

122 80 

Pressure (bar) 1 2 

Mass flow rate (kg/s) 0.3 0.09 
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According to the fundamental premise of the genetic al-
gorithm, it is needed to consider the independent variables 
for optimizing the plate heat exchanger to be optimized using 
the fitness function (objective). Since the overall heat transfer 
coefficient should be maximized, -U is considered as one of 
the objective functions and is minimized through the opti-
mization procedure which in turn leads to maximization of 
the overall heat transfer coefficient (U). In each iteration, the 
values of optimization parameters (including port diameter, 
the total number of plates, vertical and horizontal lengths of 
the plate, and the plate thickness) are changed and then the 
considered objective functions are evaluated based on the 
new values.

According to Table 2, five geometric parameters have 
been defined as the optimization parameter, each of them has 
a certain (specific range) limitation for optimization that heat 
exchanger design should be in this range. Due to the cold flu-
id flow (R123) inside the evaporator, the fluid phase changes 
over the plate, so heat transfer calculations, especially the 
calculation of the convection heat transfer coefficient (h), are 
difficult to calculate. The averaging method is used to calcu-
late the convection heat transfer coefficient of cold evapora-
tor fluid, which can be used as follows:

By substituting ch  in Eq. (3), the total heat transfer coef-
ficient (U) can be obtained.
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2- 6- Validation
To validate the present computations, the reported results 

by Kakac et al. [43] and Najafi et al. [31] were compared with 
results produced by the Aspen EDR heat exchanger design 
software [39]. In the work of Kakac et al. [43], the procedure 
of design of plate heat exchanger is explained in detail. Najafi 
et al. [31] used exactly the same procedure and operating con-
ditions to obtain the optimal design. In both works of Najafi 
et al. [31] and Kakac et al. [43], the water is considered as 
cold and hot fluid. The operating conditions and geometry 
of plate heat exchanger are also reported in Tables 3 and 4. 
They obtained the pressure drop and overall heat transfer co-
efficient as 592010 Pa and 9926.5 W 2 /  m K , respectively. 
These results correlate closely with solutions generated from 
the thermodynamic model used in this paper with error less 
than 1%.

Finally, to ensure the reliability of the used method, the 
results of the present study have been compared to Aspen 
EDR software by using the functional conditions and the 
fixed values of Tables 1 and 2. The objective functions have 
been obtained in Aspen EDR software according to Table 
5. According to Table 5, the overall heat transfer coefficient 
and total pressure drop obtained in this study have a consis-
tent agreement. Therefore, with regard to validation, it can 
be seen that the relationships between the present research 
and the method used to solve the problem have acceptable 
accuracy. The small deviation between the results could be 
attributed to the use of the different empirical correlations to 
estimate the Nusselt number and Fanning friction coefficient.

Table 2. Optimization parameters: constant values and corresponding constraintsTable 2. Optimization parameters: constant values and corresponding constraints 

Parameter Constant 

value 

Considered 

range 

Plate thickness, t (m) 0.0006 0.0003 – 0.001 

Diameter of ports, 𝐷𝐷𝑝𝑝 (m) 0.073 0.03 – 0.15 

Vertical distance of ports, 𝐿𝐿𝑣𝑣 (m) 0.620 0.3 – 1.1 

Horizontal distance of ports, 𝐿𝐿ℎ (m) 0.15 0.15 – 0.5 

Number of plates 31 10 - 60 

Number of passes   1 Constant 

Thermal conductivity of plates 

( W mK⁄ ) 

17.11 Constant 

Chevron angle (D) 60 Constant 

Enlargement factor , ∅ 1.25 Constant 
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Table 3. Operating conditions in the work of Kakac et al. [43] and Najafi et al. [31]
Table 3. Operating conditions in the work of Kakac et al. [43] and Najafi et al. [31] 

Cold Side Hot Side Parameter 

140 140 Mass flow rate (kg/s) 

22 65 PHE inlet temperature (°C) 

42 45 PHE outlet temperature (°C) 

2 1 Pressure (bar) 

4178 4138 Specific heat of fluid ( J
kgK⁄ ) 

0.000766 0.000509  (Ns
m2⁄ ) Viscosity    

0.617 0.645 Thermal conductivity coefficient  ( W mK⁄ ) 

995 985 Density ( kg
m3⁄ ) 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Geometry of plate heat exchanger in work of Kakac et al. [43] and Najafi et al. [31]
Table 4. Geometry of plate heat exchanger in work of Kakac et al. [43] and Najafi et al. [31] 

Parameter Constant 

value 

Plate thickness, t (m) 0.0006 

Diameter of ports𝐷𝐷𝑝𝑝, (m) 0.2 

Vertical distance of ports, 𝐿𝐿𝑣𝑣 (m) 1.55 

Horizontal distance of ports, 𝐿𝐿ℎ (m) 0.43 

Enlargement factor (∅) 1.25 

Number of passes   1 

Thermal conductivity of plates ( W mK⁄ ) 17.11 

Chevron angle (D) 60 

Number of plates 105 
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3- Results and Discussion
3- 1- Sensitivity analysis

Sensitivity analysis involves the investigation of the ef-
fect of selected design variable values on considered objec-
tive functions. The influence of each design parameter in a 
distinct geometry and reasonable range (according to Table 
2) is examined on two objective functions i.e. the total heat 
transfer coefficient and total pressure drop in the plate heat 
exchanger. In addition, in this analysis, functional conditions 
are used according to Table 1.

3- 1- 1- Ports diameter ( pD )
The diameter augmentation of the ports on each plate of 

the heat exchanger, as shown in Fig. 4, leads to a decrease 
in the overall heat transfer coefficient. This is attributable to 

the fact that according to the energy equation, the velocity of 
the fluid decreases, and finally the heat transfer coefficient is 
decreased. As the diameter of the ports increases, the area of 
the flow inside the ports increases. Effectively therefore, the 
fluid velocity is decreased and eventually, this manifests in a 
non-trivial pressure drop.

3- 1- 2- Plates’ thickness
With respect to Figs. 5 (a) and 5 (b), both the total 

pressure drop and the overall heat transfer coefficient are 
enhanced by increasing the thickness of the plates.

By increasing the plates’ thickness, the average distance 
between the flow channels decreases and therefore reduces 
the heat transfer surface and ultimately leads to an augmenta-
tion in the overall heat transfer coefficient. Thermal conduc-

Table 5. Validation with Aspen Software
Table 5. Validation with Aspen Software 

Error  %  Aspen Software Present study 
Objective 

Functions 

3 204.5 197.4 U (W/ m2 K ) 

8 51078 46542 ∆𝑝𝑝𝑡𝑡 (Pa) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

(a) (b) 

Fig. 4. (a): Effect of plate’s Ports diameter (𝐷𝐷𝑝𝑝) on total heat transfer coefficient and (b): 

Effect of plate’s Ports diameter (𝐷𝐷𝑝𝑝) on total pressure drop 
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Fig. 4. (a): Effect of plate’s Ports diameter (D_p) on total heat transfer coefficient and (b): Effect 
of plate’s Ports diameter (D_p) on total pressure drop
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tion heat transfer in the solid plates probably also contributes 
to this. In Fig. 5 (b), augmentation of plates thickness and 
decreasing the area of the channel results in acceleration in 
the flow and eventually leads to an augmentation in the pres-
sure drop in the heat exchanger.

3- 1- 3- The port horizontal distance 
Increasing the horizontal distance (Lh) of the ports leads 

to an increase in the surface area of each plate. This in turn 

raises the average channel flow distance which subsequently 
reduces the overall heat transfer coefficient and decreases 
overall pressure drop, as depicted in Figs. 6a and 6b.

3- 1- 4- The ports’ vertical distance 
In the previous section, the distance between the ports 

could be changed at the heat transfer surface. According to 
Fig. 7 (a), the heat transfer coefficient decreases by increas-
ing the vertical distance of the ports (Lv), as in the previous 

  

(a) (b) 

Fig. 5. (a) Effect of plates thickness (t) on total heat transfer coefficient and (b) Effect of 

plates thickness (t) on total pressure drop 
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Fig. 5. (a) Effect of plates thickness (t) on total heat transfer coefficient and (b) Effect of 
plates thickness (t) on total pressure drop
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Fig. 6. (a): Effect of plate’s ports horizontal distance (𝐿𝐿ℎ) on total heat transfer coefficient 

and (b): Effect of plate’s ports horizontal distance (𝐿𝐿ℎ) on total pressure drop 
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Fig. 6. (a): Effect of plate’s ports horizontal distance (L_h) on total heat transfer coefficient and (b): Effect 
of plate’s ports horizontal distance (L_h) on total pressure drop
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section. This is due to the accentuation of the heat transfer 
surface. However, in Fig. 7 (b), in contrast to the horizontal 
distance of the ports, the pressure drop increases with increas-
ing port vertical distances. This is induced due to the fluid 
flow direction in the vertical direction and the associated flow 
path enhancement with increasing vertical distances of the 
ports. Increasing the pressure drop (especially the frictional 
pressure drop component) is the net effect in heat exchangers

3- 1- 5- Number of plates ( tN )
As shown in Figs. 8 (a) and 8 (b), with increasing number 

of plates, the total heat transfer coefficient and total pressure 
drop of both plates decrease. As the number of plates in the 
evaporator increases, the number of flow channels increases. 
Therefore, the velocity of the fluid in the channels decreases, 
and finally the pressure drop and the total heat transfer coef-
ficient are reduced.

  

(a) (b) 

Fig. 7. (a): Effect of plate’s the ports vertical distance  (𝐿𝐿𝑣𝑣) on total heat transfer coefficient 

and (b): Effect of plate’s the ports vertical distance  (𝐿𝐿𝑣𝑣) on total pressure drop 
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Fig. 7. (a): Effect of plate’s the ports vertical distance  (Lv) on total heat transfer coefficient and (b): Effect of 
plate’s the ports vertical distance  (Lv) on total pressure drop
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Fig. 8. (a): Effect of number of the plate (𝑁𝑁𝑡𝑡) on total heat transfer coefficient and (b): 

Effect of number of the plate (𝑁𝑁𝑡𝑡) on total pressure drop 
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3- 2- Multi-objective optimization results
3- 2- 1- Working fluid flow rates (R123)

Multi-objective optimization by using genetic algorithms 
is applied to a heat exchanger plate in order to find optimum 
geometric parameters. In this paper, the optimization of heat 
exchanger plates in an organic Rankin cycle using different 
working fluid flow rates (R123) under the operating condi-
tions of Table 2 and the geometric conditions of Table 1 have 
been considered. The parameter design and the objective 
function values for a specific working fluid flow rate evalu-
ated by the genetic algorithm are shown in Table 6.

In Table 6, data is provided for 10 series of optimal re-
sults produced by the Pareto solution for 0.5 kg / sm = . In 
Fig. 9, the Pareto charts corresponding to various flow rates 
are presented.

According to the Pareto graphs, 16 optimal modes have 
been obtained for the working fluid flow rates that can be 
used to select optimal design parameters using various con-
straints and conditions. As mentioned earlier, with increas-
ing working fluid mass rate, the overall heat transfer coef-
ficient and overall pressure drop increase so there is a need 
to present a solution for the reduction of pressure drop and 

optimize the heat exchanger. In the previous section (sen-
sitivity analysis), among the design parameters, the major 
impact is related to the number of plates. Hence the appro-
priate choice of plate numbers can have a significant effect 
on heat exchanger optimization. Based on the given data, 
it is evident that with increasing fluid mass rate, the plate 
numbers for the optimum case will increase. Finally, with 
increasing plate numbers, the overall heat exchanger pres-
sure drop decreases and the optimum case for heat exchang-
ers may be achieved.

For each of the working fluid mass rates, four optimum 
states have been given from high pressure drop to low pres-
sure drop, respectively. With regard to Fig. 10 which is a re-
sult of optimization, it can be observed in every expressed 
pressure drop interval, that with increasing working fluid 
mass rate, the number of heat exchanger plates will increase 
to prevent further pressure drop. Moreover, if the drop pres-
sure interval is assumed to be large then lower plate numbers 
will be needed. Subsequently, in this case, the heat transfer 
coefficient will be higher. Therefore, for optimization purpos-
es in low pressure drop, it is necessary to increase the plate 
numbers.

Table 6. Selected results of the generated Pareto front for m ̇=0.5 kg/s.
Table 6. Selected results of the generated Pareto front for 𝑚̇𝑚 = 0.5 𝑘𝑘𝑘𝑘/𝑠𝑠. 

U (W/ m2K) ∆p (kPa) 𝑁𝑁𝑡𝑡 𝐿𝐿𝑣𝑣(m) 𝐿𝐿ℎ(m) 𝑡𝑡(m) 𝐷𝐷𝑝𝑝(m) 

571.32 87.970 18 0.744 0.156 0.000882 0.060 

561.2 70.053 22 0.710 0.215 0.000916 0.0722 

543.26 55.34 25 0.700 0.241 0.00071 0.0971 

523.24 44.259 27 0.671 0.25 0.00087 0.0827 

489.34 37.901 34 0.548 0.307 0.00061 0.123 

478.52 34.248 38 0.693 0.267 0.00088 0.0824 

361.58 20.916 41 0.772 0.297 0.00054 0.0926 

341.37 17.357 48 0.681 0.314 0.00056 0.0961 

237.10 9.846 54 0.449 0.412 0.00049 0.127 

155.34 3.102 60 0.457 0.499 0.00032 0.15 
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(a) (b) 

  

(c) (d) 

Fig. 9. Generated Pareto front for (a) 𝑚̇𝑚 = 0.09 kg/s, (b) 𝑚̇𝑚 = 0.5 kg/s, (c) 𝑚̇𝑚 = 1 kg/s, 

and (d) 𝑚̇𝑚 = 1.5 kg/s. 

 

 

 

 

 

 

 

 

Fig. 9. Generated Pareto front for (a) m ̇=0.09 kg/s, (b) m ̇=0.5 kg/s, (c) m ̇=1 kg/s, and (d) m ̇=1.5 kg/s.

According to optimum data, it is also to be noted that there 
is a significant fluid mass rate influence on the overall heat 
exchanger area. Fig. 11 demonstrates that increasing of 
working fluid mass rate will increase the heat exchanger 
area (multiplication of one plate area in plate numbers). 
Additionally, in order to optimize the case in lower pressure 
drops, the overall area of the heat exchanger will need to 
increase.

3- 2- 2- Warm water mass rate influence (hot vapor)
In this section, the warm fluid mass rate influence (heat 

source) on the genetic algorithm objective function is inves-
tigated. It must be noted that geometrical parameters (inde-
pendent variables) must be assumed to be similar to those 
considered in the previous section (cold fluid). By altering the 
warm fluid mass rate, it is possible to determine its influence 
on the heat transfer coefficient and overall pressure drop.
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Fig. 10.  Effect of working fluid mass rate (R123) on plate numbers in heat exchangers 

optimization using genetic algorithm 
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Fig. 10.  Effect of working fluid mass rate (R123) on plate numbers in heat exchangers optimization using genetic 
algorithm

 

Fig. 11. Effect of working fluid mass rate (R123) on heat exchanger overall area using 

genetic algorithm 
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Fig. 11. Effect of working fluid mass rate (R123) on heat exchanger overall area using genetic algorithm



M. Norouzi et al., AUT J. Mech. Eng., 5(4) (2021) 617-638, DOI: 10.22060/ajme.2021.19168.5935

632

According to Fig. 12, increasing the warm water mass rate 
will contribute to increasing the overall heat transfer coeffi-
cient. The modifications induced are similar to those gener-
ated by the cold fluid mass rate. According to Fig. 13, With 
increasing warm water mass rate, the pressure drop will in-
crease considerably as per the thermodynamic flow relations. 
With higher temperate water, there is a greater elevation in 
pressure drop relative to the cold fluid mass rate case. This in-
dicates that warm fluid mass rate must not exceed a specified 
value since with high mass rates there is a very high increase 
in pressure drop relative to heat transfer coefficient which is 
not appropriate or desirable in heat exchanger design.

Finally, in Table 7 optimum states for different warm 
water mass rates (vapor) with vapor as the working fluid 
medium have been obtained by the genetic algorithm and 
selected. Inspection of the table reveals that with increas-
ing warm water mass rate both objective functions increase 
which is more visible in overall pressure drop. For this rea-
son, similarly to the cold mass flow rate, with the increasing 
warm fluid mass rate, the number of plates will increase. In 
this case, the increase in the number of plates is greater than 
the previous state which is more attributable to the overall 
pressure drop. Therefore, with increasing warm water mass 
rate, the plate numbers will increase and pressure drop will 
be reduced to attain the optimum state for heat exchangers. 

On the other hand, due to the variation of other geometri-
cal parameters, it is evident that with increasing warm fluid 
mass rate plate lengths (port vertical distance) will increase. 
Hence both plate number and port vertical distance contrib-
ute to increasing pressure drops. Therefore, to attain pres-
sure drop reduction (as it is in Table 7) with increasing warm 
water mass rate, in addition to plate number increasing it 
can be observed that port horizontal distance (plate width) 
and also plate diameter will attain their maximum values 
(0.5,0.15). Plate thickness reduces in order to decrease pres-
sure drop significantly. On the other hand, it must be noted 
that if fluid mass rate increases then the optimum response 
range will be more restrained. In higher warm fluid, the 
plate numbers will reach maximum numbers to prevent high 
pressure drops. When the mass rate is 2 kg/s, pressure drop 
in the optimum state will reach close to 80 kPa indicating 
that it is not suitable to use a higher mass flow rate in heat 
exchanger design. It can be deduced that variation in warm 
fluid mass rate has a substantial effect on heat exchanger 
design and that mass flow rate must not exceed a thresh-
old value. Finally, based on the obtained results, it is appar-
ent that among heat exchanger geometrical parameters, the 
plates number is the most important one since evidently an 
increase or decrease in this parameter produces a remark-
able variation in the optimization process.

 

Fig. 12. Hot fluid effect mass rate (hot vapor) on the overall heat transfer coefficient in the 

evaporator 
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Fig. 12. Hot fluid effect mass rate (hot vapor) on the overall heat transfer coefficient in the evaporator
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Fig. 13. Hot fluid effect mass rate (hot vapor) on the total pressure drop in the evaporator 
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Fig. 13. Hot fluid effect mass rate (hot vapor) on the total pressure drop in the evaporator

4- Conclusions
In this paper, the constraints and conditions for providing 

optimal states in an ORC Plate Heat Exchanger (PHE) design 
are considered. Since the inlet pressure of the fluid is 2 bars, 
the heat exchanger’s total pressure drop should not be greater 
than 80 kPa. That is, the choice of optimal conditions must 
not include pressure drop exceeding 80 kPa. For scenarios 
where the pressure drop is less than this threshold value, the 
system achieves a higher heat transfer coefficient. Regarding 
the genetic algorithm optimization calculations, the follow-
ing results can be obtained:

•	 By increasing the ports’ diameter, both the 
objective function of the overall heat transfer coefficient and 
the total drop are reduced. The alteration in the pressure drop 
is greater since with increasing port diameter, the flow rate 
is increased and the fluid velocity decrease which ultimately 
produces a decrease in pressure drop.

•	 By increasing the thickness of each plate 
inside the plate heat exchanger, the two-sheet spacing (flow 
channel) will naturally be reduced. Eventually, the area of ​​the 
flow within the channels will be reduced so that the overall 
heat transfer coefficient and total pressure drop will increase. 
According to the results presented, the plate thickness should 
not exceed 0.9m. 

•	 Increasing the horizontal spacing of the 
ports will increase the area of the plates and eventually in-
crease the average area of the flow channel. As a consequence, 
both objective functions i.e. total heat transfer coefficient and 

pressure drop are reduced.
•	 Increasing the vertical ports space will in-

crease plate areas and ultimately increase the flow area lead-
ing to depletion in the total heat transfer coefficient. However, 
unlike the horizontal spacing of the ports, increasing the ver-
tical spacing of the plate heat exchanger results in increasing 
the length of the flow path and increasing the frictional pres-
sure drop across the flow channel. 

•	 By increasing the number of heat exchang-
er plates, both the objective functions i.e. the total heat trans-
fer coefficient and total loss of pressure decrease (the number 
of flow channels is increased, fluid flow is decelerated and the 
effective heat transfer surface is increased). This manifests 
in suppression in both objective functions. Therefore, in the 
optimal design, it should be noted that with small plates there 
will be a large pressure drop. It should also be noted that the 
number of plates can lead to more changes in optimization 
between the design parameters and the variables considered.

•	 In a fixed design of the heat exchanger, 
with the increase in the evaporator mass flow rate (R123), 
both objective functions increase due to an increase of the 
fluid flow rate to the converter, which is more affected by 
the pressure drop. Also, by studying the effect of the mass 
of the fluid on the optimization of the fluid, it was found that 
the higher the flow rate of the cooler (in order to prevent the 
excessive drop in the heat exchanger), the number of plates as 
well as the total area of the heat exchanger increased.

•	 With the constant consideration of geomet-
ric parameters and the increase in hot water flow (thermal 
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source), the increase of objective function. This increase, in 
particular, is higher in the pressure drop than the cold flow 
rate, indicating that a large amount of pressure drop occurs 
in the hot fluid part of the heat exchanger. Also, by study-
ing the effect of hot fluid discharge on the optimization of 

the heat exchanger, it is evident that with an increase in hot 
fluid flow, the number of converter plates increases in propor-
tion to the previous mode (the effect of cold flow discharge). 
Pressure drop at higher fluxes from the hot fluid will increase 
dramatically and the total area of ​​the heat exchanger will also 

Table 7. Effect of hot fluid mass rate on heat exchanger optimization using genetic algorithm.
Table 7. Effect of hot fluid mass rate on heat exchanger optimization using genetic algorithm . 

𝑵𝑵𝒕𝒕 𝑫𝑫𝒑𝒑(𝐦𝐦) t (m) 𝑳𝑳𝒗𝒗(𝐦𝐦) 𝑳𝑳𝒉𝒉(𝐦𝐦) 
U 

K)2(W/m 

∆p 

(kPa) 
𝒎̇𝒎𝒉𝒉(

𝐤𝐤𝐤𝐤
𝐬𝐬 ) 

18 0.0421 0.000747 0.531 0.190 121.645 7.249 
0.05 25 0.0384 0.000836 0.612 0.157 82.042 2.745 

37 0.0541 0.000670 0.513 0.183 61.851 1.857 
21 0.0467 0.000997 0.65 0.15 428.32 64.361 

0.1 27 0.0375 0.000980 0.679 0.151 365.21 31.892 
38 0.0625 0.000920 0.672 0.154 241.99 7.044 
31 0.118 0.000675 0.562 0.342 367.69 69.36 

0.5 41 0.0968 0.000743 0.613 0.247 314.548 37.912 
53 0.137 0.000849 0.811 0.189 276.357 17.274 
43 0.114 0.000392 0.861 0.368 293.67 73.025 

1 
56 0.134 0.00411 0.803 0.412 174.763 57.743 
49 0.146 0.000432 0.911 0.364 187.84 77.42 

1.5 
58 0.15 0.00031 0.899 0.436 124.361 59.841 
59 0.15 0.00032 0.870 0.496 314.91 77.671 2 
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increase.

 

𝐴𝐴1                           Effective area, m2 Re                        Reynolds number 

𝐴𝐴1𝑝𝑝                         Projected area, m2 U   Overall heat transfer coefficient, W /(m2  
K) 

b                       Mean flow channel gap, m 𝑞̇𝑞                           heat flux, Wm−2 

𝑐𝑐𝑝𝑝                Specific heat of fluid, J 
kg−1 K−1 𝛾𝛾                          latent heat, J kg−1 

𝐷𝐷𝑒𝑒                Channel equivalent diameter, m 𝜌𝜌                           Density, kg m−3  

𝐷𝐷𝑝𝑝                           Port diameter, m 𝜇𝜇                       Viscosity, N m-1 s-1 

fr                              Friction factor ∅                        Enlargement factor 

G             Mass flux velocity, kg m−2   s−1  𝑞̇𝑞                           heat flux, Wm−2 

h         Heat transfer coefficient, W m−2  K−1 𝛾𝛾                          latent heat, J kg−1 

𝑘𝑘𝑤𝑤                         Thermal conductivity Subscripts 

𝐿𝐿𝑐𝑐             Total length of compact plates, m c                                                 Cold fluid 

𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒            Effective length of the flow, m ch                                                Channel 

𝐿𝐿ℎ               Horizontal distance of ports, m eq                                              equivalent 

𝐿𝐿𝑣𝑣              Vertical distance of ports, m f                                                      fluid 

𝐿𝐿𝑤𝑤                 Effective plate width, m h                                                  Hot fluid 

𝑁𝑁𝑐𝑐𝑐𝑐            Number of channels per pass sp                                               single phase 

𝑁𝑁𝑝𝑝                      Number of passes tot                                                    total 

𝑁𝑁𝑡𝑡                   Total number of plates tp                                                 two phase 

P                            Plate depth, m p                                                     Port 

∆p                        Pressure drop, kPa  

t                           Plate thickness, m  
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