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INTRODUCTION

Heat exchangers are engineering apparatuses 
designed to efficiently transfer heat between two 
fluids without mixing them. Heat exchangers play 
a crucial role in energy conservation by extracting 
heat from a system that does not require it and 
transferring it to another system where it can be 
utilized. Heat exchangers come in various forms 

and types, categorized based on factors such as 
design, construction, space requirements, fluid 
flow system, and the number of fluids involved 
in the heat transfer process. One commonly used 
type is DPHEX, as depicted in Figure 1. DPHEX 
is further classified into two basic types: counter 
flow and parallel flow, with the flow direction im-
pacting the heat transfer rate and pressure drop 
in the system. This classification serves as the 
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ABSTRACT 
For the time being, there is a growing endeavor towards supporting energy-saving technologies, most significantly 
heat exchanger systems, by improving the performance of the heat transfer process. The study model employed 
is a double-pipe heat exchanger (DPHEX), which is served in an actual project at the Low-Density Polyethylene 
(LDPE) unit of the State Company for Petrochemical Industries in Basra, Iraq. The prominent goals of this study 
are to gain a deeper comprehension of the exchanger’s performance under advanced operating conditions and to 
maximize the efficiency of heat transfer between the two fluids in the DPHEX system. The current work applies 
a distinctive connection of SOLIDWORKS with ANSYS FLUENT software to conduct a simulation design and 
computational fluid dynamics (CFD) analysis of a heat transfer system in DPHEX. Thermal analysis of exchangers 
is challenging since many parameters, such as the geometry of the heat exchangers and the varying flow regimes 
influence the overall heat transfer coefficient. As a result, a Genetic Algorithm (GA) was employed to investigate 
the optimal design and operating conditions of DPHEX, using a COM server to provide flexible communication 
between the MATLAB GA toolbox and Aspen HYSYS® software. The preliminary findings from ANSYS FLU-
ENT simulations and GA optimizations demonstrated significant improvements. Specifically, the heat transfer 
rate rose by 24% and 28%, respectively, also there made up an elevate in the overall heat transfer coefficient to 
675 W/m²·K and 751 W/m²·K, correspondingly, from 440 W/m²·K in the as-built heat exchanger. Notably, these 
results were observed while the outgoing temperature of the chilled ethylene gas was at 49 ℃, and the efficiency 
accounted for 87.7%. The study exhibited the feasibility of reducing the cooling water quantity from the traditional 
mass flow rate of 73.860 kg/hr to 50.400 kg/hr while maintaining a reasonable efficiency of 83% at the LDPE unit. 
These results were achieved with the leaving temperature of ethylene gas and cooling water set at 50 ℃ and 34 ℃, 
respectively. Hence, minimizing water consumption in heat exchangers brings about environmental, economic, 
and operational advantages. Generally, the study results have reinforced the importance of simulation tools and 
their direct contribution to achieving efficient and eco-friendly energy systems.
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foundation for designing the heat exchanger, de-
termining its size, length, and the number of bends 
required [1]. DPHEX operates based on a design 
where a smaller tube is contained within a larger 
tube in a concentric arrangement. The heat trans-
fer process occurs within the larger tube, while the 
smaller tube serves as a connecting spacer. This 
configuration is often referred to as a jacketed 
U-exchanger and can feature either a single tube 
or multiple tubes. In this setup, one fluid flows 
through the inner tube while the other fluid flows 
between the two tubes. It is recommended to have 
the more viscous fluid on the outer shell side to 
take advantage of the increased flow area. The 
counterflow configuration is typically preferred 
for DPHEX design. This is because it offers op-
timal heat transfer coefficients, allowing the cold 
fluid to achieve a higher exit temperature than the 
hot fluid. In contrast, the parallel flow configura-
tion yields lower heat transfer and reduced effi-
ciency. However, there are specific applications 
where a parallel flow heat exchanger may be cho-
sen despite its lower efficiency, as it serves unique 
requirements or constraints [2]. DPHEXs yield a 
high heat transfer coefficient and can endure harsh 
conditions, such as high pressures, making them 
well-suited for demanding applications. Howev-
er, the limitations of DPHEXs include challenges 
in transportation due to their large size and results 
in high manufacturing and installation costs. On 
the other hand, plate heat exchangers achieve up 
to 95% thermal efficiency due to their extensive 
surface area, while compact heat exchangers pro-
vide high heat transfer coefficients relative to 
their small size, as a result of a large heat transfer 

area. Both types surpass DPHEXs in thermal per-
formance theory [3, 4].

In most industries today, there is a unified 
trend toward energy saving, increasing efficiency, 
and reducing the size and cost of related industri-
al equipment. Hence, efforts have been made to 
improve the design of heat exchangers to enhance 
thermal efficiency and reduce costs and material 
consumption. Generally, the techniques adopted 
to boost the heat transfer rate are categorized into 
two main groups: active and passive [6]. Active 
methods involve the inclusion of some external 
energy input to grow heat transfer, through meas-
ures such as mechanical additions, the application 
of a magnetic field to scatter light particles that 
flow in a specific path, and other similar meth-
ods. Conversely, passive methods do not rely on 
any external energy input. A common approach 
to improve passive heat transfer performance is 
by increasing the surface area and thermal resi-
dence time between two fluids. This method leads 
to an increase the turbulence of fluids flow, thus 
improving the surface area, while maintaining the 
time and heat transfer coefficient of the current 
system [7]. Any enhancement in the overall heat 
transfer coefficient, heat transfer surface area, or 
temperature difference between the hot and cold 
fluids in heat transfer systems is imperative to re-
fine heat transfer rates, as indicated by the gen-
eral equation expressing thermal performance in 
heat transfer systems q = U As ∆TLMTD. Initially, 
the finite volume method (FVM) is a computa-
tional numerical technique used in engineering to 
convert partial differential equations formulating 
conservation laws over differential volumes into 
individual algebraic equations on specific or finite 
volumes. It underpins to conservation quantities 
like mass and energy, making it extremely fitted 
for CFD analysis and and industrial product de-
velopment [8]. On the flip side, genetic algorithm 
(GA) is a common solution method in Evolution-
ary computation (EC) techniques that consists 
of various algorithms based on the principle of 
evolutionary search for optimal solutions to par-
ticular problems [9]. GAs have been shown high 
potential in optimizing heat exchangers through 
search process and joint optimization of ther-
mal problems [10]. Therefore, GA enhancement 
of DPHEX study model is performed under the 
constraint of allowable pressure drop to achieve 
optimal results according to the specified design 
objectives. Thus, the literature review related to 
the project’s objectives is summarized, which 

Figure 1. DPHEX in industrial applications [5]
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regards simulating and enhancing the perfor-
mance of DPEXs using ANSYS FLUENT soft-
ware and GA as follows: Mohsen Amini et al. 
(2013), developed a methodology to optimize 
shell-and-tube heat exchangers with the goals of 
increasing heat transfer rate and reducing total 
cost. Due to the significant relationships between 
the objective functions and the variables, eleven 
variables were scrutinized for improvement using 
the Genetic Algorithm. Results from two studies 
demonstrated improvements in both heat trans-
fer rate and cost reduction compared to existing 
data. The value of this study lies in practical rec-
ommendations for heat exchanger design [11]. 
Kale Shivam B et al. (2017), performed a CFD 
analysis to assess flow conditions with and with-
out braided tape. The comparison between CFD 
and experimental results was highly satisfactory. 
Nusselt number, effectiveness, and heat transfer 
coefficient were determined and contrasted. The 
braided tape increased heat transfer rates and ex-
changer effectiveness. Differences between ex-
perimental and CFD results accounted for the fol-
lowing variances: Nusselt number (1–7%), heat 
transfer coefficient (3–13%), and effectiveness 
(5–11%). Temperatures from CFD and experi-
mental readings were within reasonable limits 
[12]. Peddi Dilleswara Rao et al. (2017), con-
sidered counterflow and straight tube/U-shaped 
configurations under specific operating condi-
tions. Turbulence models in CFD simulations 
were validated by comparing outlet temperature 
profiles. Results using the K-Ɛ turbulence model 
in Ansys Fluent were satisfactory. Nusselt num-
ber and velocity/pressure distributions were ana-
lyzed, emphasizing the importance of selecting 
an appropriate turbulence model based on experi-
mental data for accurate evaluation of heat ex-
changer performance [13]. Mohammad Hemmat 
Esfe et al. (2017), highlighted the enhancement 
of heat transfer coefficient in MgO-water nano-
fluids. To derive the heat transfer coefficient and 
cost functions, experimental data were used via 
the Response Surface Method, and next applied 
the non-dominated sorting genetic algorithm for 
improvement. Demonstrated effectiveness of the 
approach with a significant reduction in cost, ap-
proximately 38% [14]. Baru Debtera et al. (2018), 
compared actual heat transfer using the number 
of transfer units (NTU) method and computa-
tional fluid dynamics (CFD). Results showed 
high agreement, with minimal deviation: 29.7 kW 
from simulation and 30.0 kW NTU method. Hot 

fluid entered at 415 K, and cold fluid circulated at 
300 K. Simulations provided elaborated insights 
into heat, hydrodynamics, and fluid velocities, 
with capturing temperatures of 407.106 K for hot 
fluid and 306.77 K for cold fluid [15]. Vikas Kan-
nojiya et al. (2018), conducted an analysis evalu-
ated DPHEX performance of under varying flow 
conditions through experimental testing and CFD 
simulations. The counterflow configuration over-
shadowed parallel flow, with 29.4% higher effec-
tiveness at a low flow rate (0.02 kg/s). At a higher 
flow rate (0.10 kg/s), the effectiveness difference 
decreased to 6.3%. Heat transfer rate correlated 
with flow rate, with only a 9.3% increase in coun-
terflow at 0.10 kg/s. Effectiveness inversely re-
lated to log mean temperature difference (LMDT) 
[16]. Shreyas Kotian et al. (2020), presented an 
analysis comparing experimental and numerical 
studies of DPHEXs using CAD design and Ansys 
Fluent simulations. Experiments covered Reyn-
olds numbers (60–240), and temperatures (hot 
fluid: 50 °C and 70 °C; cold fluid: 31 °C). Results 
indicated significant thermal property variations 
with inlet temperatures and Reynolds numbers, 
with CFD analysis closely matched experimental 
data, showing a maximum 10% error rate [17]. 
Chakransh Chourase et al. (2023), focused on 
developing the thermal performance of the heat 
exchanger using nanofluids through CFD analy-
sis. Nanofluids of copper oxide (CuO), aluminum 
oxide (Al2O3), silicon oxide (SiO2), and ethylene 
glycol were applied at volume fractions of 0.2% 
to 0.4%. Results showed that increasing volume 
fractions improve heat exchanger performance 
by enhancing heat transfer rate and coefficient, 
with CuO giving the best performance, followed 
by Al2O3 [18]. Javid Zamaniet al. (2023), investi-
gated the effectiveness of phase change materials 
(PCMs) in a DPHEX system for thermal energy 
storage. An adiabatic interval was introduced to 
improve charging and discharging processes, dur-
ing which the pump power is cut off, and water 
flow stops. Using GA with goals to maximize the 
stored energy or minimize exergy destruction, re-
sults showed the approach’s effectiveness [19].

The aforementioned studies showcased the 
value of using CFD analysis with ANSYS FLU-
ENT and SOLIDWORKS, combined with GA 
techniques, for industrial heat transfer applica-
tions. The review underscores a strong incen-
tive to employ these methods, particularly as this 
work pioneers experimental study applications of 
simulation and CFD analysis to a DPHEX in a 
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low-density polyethylene (LDPE) Unit. The cur-
rent study intends to accomplish several proce-
dures, including:

Estimate and foster the overall heat transfer 
coefficient through CFD analysis by ANSYS 
FLUENT and applied GA, to upgrade the quality 
of heat exchange process in DPHEX.

Execute a numerical investigation of DPHEX 
simulation with ANSYS FLUENT at different 
mass flow rates to examine optimal operating 
conditions at the as-built heat exchange. Re-em-
ploy these outcomes to earn financial and envi-
ronmental benefits simultaneously.

Execute a computational investigation of 
DPHEX with GA at different mass flow rates. This 
study involves optimizing four key variables: mass 
flow rate, inner and outer diameters of the pipe 
side, and inner diameter of the annular side. The 
estimation of the overall heat transfer coefficient 
is often related to these variables according to con-
ventional heat exchanger design equations. 

DESCRIPTION OF HEAT EXCHANGER 
MODEL

The model study employed DPHEX sourced 
from LDPE unit at a State Company for Petro-
chemical Industries in Basra, Iraq. The heat ex-
changer designed to cool ethylene gas (9159 kg/
hr) in the pipe-side, reducing its temperature from 
91.6 ℃ to 59 ℃ at a pressure of 99.1 kg/cm2. 
This cooling process was achieved by flowing 
cooling water (73860 kg/hr) in the annulus-side, 
which was heated from 32.2 ℃ to 36.6 ℃ at a 
pressure of 5.5 kg/cm2. While a fouling resistance 
was 0.0002 and 0.00041 for the water stream and 
ethylene stream, respectively. The dimensions of 
DPHEX model, as physically constructed for the 
LDPE unit, are presented in Table 1. 

DESCRIPTION DESIGN CALCULATION 
EQUATIONS

The classical procedure for designing DPHEX 
model involves several key steps based on energy 
and material balances as well as the application of 
heat transfer equations. Certain assumptions are 
made during the design process, such as steady-state 
heat balance, absence of heat seepage, no viscous 
dissipation, no heat generation, a counter-flow con-
figuration for DPHEX, and no phase change. The 

design task entails calculating the common key vari-
ables, including heat duty (q, W), heat transfer area 
(A, m2), heat capacity rates (C, W/K), overall heat 
transfer coefficient (U, W/m2. °C), and heat trans-
fer efficiency. The design procedure typically fol-
lows these steps [20, 21]:
 • Estimation of mass velocity
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 • Estimation of Reynolds number is built upon 
the stream flow conditions
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 • Estimation of Prandtl number 
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 • Estimation of the Nusselt number using Dit-

tus-Boelter correltion equation
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 • Estimation of heat transfer coefficient for tur-

bulent flow in the region (DG/μ >10000) is 
outlined by Sieder and Tate
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 • Estimation of temperature at wall surface is es-
sential for determing the viscosity at that location
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 • Estimation of the total resistance posed by both 
the tube wall and any accumulated dirt factors
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Table 1. Geometrical parameters of DPHEX
The inner pipe inside diameter, mm 59.00

The inner pipe outside diameter, mm 73.02

The outer pipe inside diameter, mm 128.19

The outer pipe outside diameter, mm 141.30

The exchanger length, mm 6000

The height of outer pipe, mm 420

The pipes material Steel
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 • Estimation of heat exchanger parameters 
effectiveness
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 • Estimation of tube side pressure drop
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 • Estimation of annular side pressure drop
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 • Estimation of heat exchanger efficiency 
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where: Thi – temperature of the hot fluid entrance 
on the pipe-side (°C); Th0 – temperature 
of the hot fluid exit on the pipe-side (°C); 
Tci – temperature of the cold fluid entrance 
on the annulus-side (°C); Tco– temperature 
of the cold fluid exit on the annulus-side 
(°C), Tav, i – average temperature on the 
pipe-side (°C); Tav, o – average temperature 
on the annulus-side (°C); ∆Tlm – global 
mean temperature difference (°C); Uc – 
clean overall heat transfer coefficient (W/
m2, K); Ud  – dirty overall heat transfer 
coefficient (W/m2. K); A0 – outside heat 
transfer area (m2); Ai – inside heat transfer 
area (m2); Di – inside diameter of the out-
er pipe (m); d0 – outside diameter of the 
inner pipe (m); di – inside diameter of the 
inner pipe (m);  Dlm – log mean diameter 
(m); f – the friction factor; Gi – pipe-side 
mass velocity (kg/m2s); Go– annulus-side 
mass velocity (kg/m2s), ṁc – mass flow rate 
of cold fluid (kg/hr);  ṁh– mass flow rate 
of hot fluid (kg/hr); L – length of the heat 
exchanger tube (m); kh – Thermal conduc-
tivity of ethylene gas at bulk temperature 
(W/m·K); kc  – thermal conductivity of 
cooling water at bulk temperature (W/m. 
K); kw – thermal conductivity of steel wall 

(W/m·K); μh– viscosity of ethylene gas at 
bulk temperature (Pa·s); μc – viscosity of 
cooling water at bulk temperature (Pa·s); 
μw – viscosity at wall temperature (Pa·s); 
Cp – specific heat at average bulk tem-
perature of fluid (J/kg·K).

WORK METHODOLOGY 

This work involved conducting a study to as-
sess the heat exchanger’s performance, which oc-
curred in two stages: enhancing the design parame-
ters including pipe diameters, length, heat exchange 
surface area, and optimizing operational conditions 
such as fluid velocity, temperature, and pressure 
drop. These combined conditions ultimately result-
ed in elevating the overall heat transfer coefficient.

Description genetic algorithm toolbox of 
matlab application 

This project direction is towards of utilizing 
Microsoft’s Component Object Model (COM) 
server to generate a special interface between As-
pen Hysys® with MATLAB’s GA toolbox. The 
primary objective of hiring Aspen Hysys® is to 
consistently acquire the physical properties of eth-
ylene gas and cooling water across varying operat-
ing conditions throughout the solution search phase 
with GA. In this study, the algorithm was employed 
to optimize four decision variables: mass flow rate 
of cooling water x(1), inside diameter of inner pipe 
x(2), outside diameter of inner pipe x(3), and inside 
diameter of outer pipe x(4), aiming to increase the 
objective function, which is the overall heat trans-
fer coefficient. The algorithm embarks on a search 
journey to find the obvious optimal solution by 
evaluating all potential solutions within the popula-
tion. Initially, the objective function is computed to 
form the initial population, and a subset of warrior 
chromosomes is selected based on superior perfor-
mance. These chromosomes undergo crossover and 
mutation processes to generate diverse offspring. 
Crossover merges genetic material from the select-
ed champion chromosomes and transferring genes 
from older chromosomes to the new generation, 
while mutation introduces novel genetic variations. 
The process, including selection, crossover, muta-
tion, and replacement, repeats in a continuous loop 
based on a unified solution map.Throughout the 
replication stages, following the principle of surviv-
al of the fittest, the strongest chromosomes replace 
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weaker ones until a stopping criterion, determined 
by the penalty function, is met [9]. Conventional 
criterion involve constraints on the inner and outer 
diameters of the tube side and a maximum allow-
able pressure drop, as indicated in several studies 
[22]. In this work, artificial penalty terms were en-
forced for significant constraint violations, specifi-
cally when x(3) < x(2), x(3)–x(2) < 0.0005, and if 
the pressure drop exceeded 70000 Pa. The solution 
space is constrained within specific ranges: x(1) 
ranges from 50000 to 90000 kg/hr, x(2) varies from 
0.03 to 0.12 m, x(3) ranges from 0.06 to 0.13 m, 
and x(4) spans from 0.1 to 0.15 m. It’s worth noting 
that these dimensions are committed to the accept-
able standards set by TEMA. The settings for GA 
toolbox are as follows: the population size is set to 
50 individuals, the number of generations is limited 
to 100, the selection method employed is tourna-
ment selection with a tournament size of 4, both 
crossover and mutation operators are constraint 
dependent, and the stopping criterion is defined as 
10-6. The optimization procedure steps with GA for 
the DPHEX, as shown in Figure 2, embedded the 
design equations defined in the previous section. 

Description design with CFD ANSYS FLUENT

The simulation process in CFD entails sev-
eral steps, including geometry creation (which 
is facilitated within SOLIDWORKS software in 
this study), mesh generation, selection of appro-
priate models and boundary conditions, solving 
the equations numerically, and post-processing 
the results by employing CFD simulations, the 
analysis of fluid flow within DPHEX using AN-
SYS FLUENT software can encompass multiple 
aspects of the investigation study, including the 
examination of flow velocities and pressure dis-
tributions, heat transfer rates, and other relevant 
properties. CFD provides a crucial view for the 
prediction and visualization of fluid behavior un-
der varying operating conditions and geometries.

Geometric modeling for heat exchanger

The three-dimensional model of DPHEX, as 
shown in Table 1, with six pipes, was built via 
SOLIDWORKS software, as depicted in Fig-
ure 3. SOLIDWORKS proves a striking role in 
the design and simulation process, providing an 

Figure 2. Flowchart steps to optimize overall heat transfer coefficient of DPHEX with GA
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extensive engineering environment with advan-
tages such as a user-friendly interface, efficient 
drawing capabilities, ease of design modifica-
tio, and the ability to simulate complex physical 
systems. Features such as extruded boss/base, 
extruded cut, swept cut, extruded surface, and 
knit surface, which contributed to creating the 
exchanger geometry with meticulous details, 
precision, and efficiency.

Meshed geometry

The DPHEX geometry was meshed using 
ANSYS FLUENT v. 2022 R1. The meshing 
procedure entailed subdividing the geometry 
into smaller elements, which is essential for the 
numerical solution of mathematical equations 
at each element’s center. This approach enabled 
ANSYS FLUENT to provide results across the 
entire domain of DPHEX by interpolating the 
values from each element center. To assess the 
influence of mesh on the simulation results, a 
grid test was implemented to evaluate the over-
all heat transfer coefficient using 2812233 to 

7030583 elements, as presented in Figure 4, 
which varied from 666 to 676.8 W/m2·K with 
1.5% error. In this study, the mesh selected was 
configured as follows: A uniform mesh size of 
4.5 mm was applied to six exchanger pipes, 
yielding a total of around 4,218.350 elements 
and 2,189.214 nodes. Tetrahedral cells were 
chosen for the pipe and annulus bodies, for their 
superior capability to capture curvatures accu-
rately. This method was selected to guarantee a 
more precise portrayal of the complex geometry. 
To enhance the mesh quality on the walls, in-
flation layers were added (5 layers, 0.3–1.2 mm 
thick), as shown in Figure 5a, b. Ensuring the 
integrity and quality of mesh is paramount for 
tuning the stability of the numerical computa-
tion and attaining reliable simulation outcomes. 
Various criteria, including aspect ratio, skew-
ness, and orthogonality, to evaluate the health 
of mesh. The acceptable range for these mesh 
metrics is as follows: an aspect ratio falling be-
tween 1 and 10 [23], a skewness greater than 0 
and less than 0.9, with values closer to 0 deemed 

Figure 3. Geometry construction of a DPHEX with SOLIDWORK

Figure 4. Mesh independence study on overall heat transfer coefficient at various number of elements



37

Advances in Science and Technology Research Journal 2024, 18(8), 30–45

preferable, orthogonality between 0.7 and 0.9, 
with values closer to 1.0 preferred, and an ele-
ment quality of 0.8 or higher is considered satis-
factory [24]. In this study, achieving good con-
vergence within these specified ranges for these 
metrics was pursued with dependable results, as 
indicated in Table 2. Figures 6 to 8 showed the 
values   of metrics which are represented by the 
x-axis, and the y-axis represents the number of 
elements. Selecting any bar displays the loca-
tions of these elements in the mesh. All metrics 
were   within the valid ranges that promote the 
adoption of generated mesh.

Boundary conditions 

To complete the solution setups for this particu-
lar configuration applied a set of assumptions: First-
ly, the flow is considered steady-state and incom-
pressible. Secondly, the outer surface of the annulus 
pipes is assumed to be adiabatic, while the fluid 
within the pipes is regarded as a single-phase ex-
hibiting turbulent flow. Moreover, a constant mass 
flow rate is maintained for ethylene gas, the hot 
fluid within the inner pipe, while cooling water cir-
culates through the outer pipe. Boundary conditions 
are enforced on both the pipe and annulus sides. 

Figure 5. a) Grid system of DPHEX, b) Inlet region scheme achieved after implementing the appropriate size, 
method, and inflation techniques

Table 2. Mesh metrics of DPHEX generation

Geometry Average skewness Average orthogonal quality Average aspect 
ratio Average element quality

Pipe and annulus 0.1895 0.83043 6.7978 0.8720

Figure 6. Quality of skewness in the mesh elements
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Since the flow occurs vertically in multiple pipes, 
the impact of gravity is factored in, considering a 
gravitational acceleration of -9.810m/s2 along the y-
axis. The application of the k-ε model is adopted to 
accommodate turbulent flow and heat transfer phe-
nomena. The inlet conditions for both the cooling 
water and ethylene gas are specified by their mass 
flow rates and temperatures. outflow conditions are 
set as pressure outlets (pwater = 499452.68 Pa, pethylene 
= 9693873.52 Pa) Various flow rates for the cooling 
water are investigated, spanning from 36000 kg/h 
to 82800 kg/hr. Regarding the wall conditions, the 
walls are assumed to be stationary and have no-slip 
boundary conditions. To address heat transfer, a 
convection layer with a thickness of 0.0138 m is ap-
plied to the inner-pipe walls. Convergence criterion 
for the solution is determined using a tolerance error 
value of 10-4, and the solution initialization employs 
standard computations across all zones.

RESULTS AND DISCUSSION 

In essence work, numerical computations 
were conducted to investigate DPHEX and to 

delved into the mechanism research for determin-
ing the optimum heat transfer coefficient solution 
through a genetic algorithm applied seamlessly 
to the design calculation equations. To validate 
the obtained results of ANSYS FLUENT, a use-
ful strategy is to assess the dimensionless number 
Y-plus, which can be observed and measured ex-
clusively on the walls. This parameter serves as a 
safe indicator of the fineness of mesh design on 
the walls. It is considered sensible when the Y-
plus value falls within the range of 1 to 60 [25]. 
The results for the Y-plus values are presented in 
Table 3, allowing for an evaluation of the mesh 
quality and its impact on the accuracy of the sim-
ulations. Initially, the cooling water mass flow 
rate used in the analysis was 73.860 kg/hr. The 
heat transfer phenomena within the model were 

Figure 7. Quality of orthogonal in the mesh elements

Figure 8. Quality of aspect ratio in the mesh elements

Table 3. Average of dimensionless number Y-plus
Average of facet values

wall Y-plus
convection_inner_pipe_wall 32.967312

inner_pipe_wall 28.765767

Net 29.331526
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analyzed using ANSYS FLUENT, and the corre-
sponding results are presented in Figure 9a and 
9b. It was observed from the temperature dis-
tribution map on both the tube and shell sides 
that the heat transfer was moderated. Some inlet 
areas of the cooling water indicated poor heat 
transfer due to the thermal boundary layer still 
forming in this region. In this case, the heat 
transfer rate in the modified configuration model 
via ANSYS FLUENT and GA were 367,020.93 
W and 380,755.33 W, respectively, outweighing 
the original model configuration’s 295,721.27 W. 
Table 4 exhibits the present and simulation mod-
el’s operational, design, and thermal conditions. 
Increasing the heat transfer rate in most heat ex-
changers depends on three primary factors: total 
heat transfer coefficient, heat transfer surface 
area, or LMTD. The most appropriate approach 
involved increasing the total heat transfer coeffi-
cient. The discrepancy between the results of the 
two optimization procedures can be attributed 
to the focus in the GA solution’s on advancing 

the objective function, U, within specific con-
straints. This leads to distinctions in the outlet 
temperatures of cooling water when employing 
ANSYS FLUENT and GA, which were 34.5 °C 
and 37.29 °C, in that order.

Figure 10a and 10b illustrates the velocity 
distribution among the shell and tube sides, high-
lighting the role of fluid movement in the con-
vection heat transfer mechanism. furthermore of 
thermal conduction, heat transfer relies on the flu-
id’s motion within the pipes. ANSYS reveals that 
the heat transfer between two fluids is enhanced 
as the fluid velocity rosing. For the tube side, the 
velocity ranges from 1.65 to 1.74 m/s, while on 
the shell side, it gardes from 3.21 to 3.26 m/s. No-
tably, this grewed velocity further contributes to 
a higher heat transfer rate. It is worth noting that 
the velocity and temperature of the cooling water 
leaving this exchanger, present model, were 1.22 
m/s and 36.6 °C respectively, while the results of 
ANSYS FLUENT simulation were 1.7m/s and 
34.5 °C. This supports the constructed simulation, 

Table 4. Simulation and optimization results of DPHEX

Parameters
Tube-side values Shell-side values

Present 
model

Numerical 
solution

Optimum 
solution - GA

Present 
model

Numerical 
solution

Optimum 
solution - GA

Entering temperature, °C 91.6 91.6 91.6 32.2 32.2 32.2

Leaving temperature, °C 59 49.45 50 36.6 34.5 37.29

Flow rate, kg/hr 9159 9159 9159 73860 73860 59233.45

Pressure drop, Pa 24516.60 – 15170.52 39913.06 – 55769.53

Heat transfer rate, W
Present model Numerical solution Optimum solution - GA

295721.27 367020.93 380755.33

overall tubes length, m 36 36 60

Total surface area, m2 17 17 21.12

LMTD, °C 39 33.9 32.73
Objective function: Overall heat 
transfer coefficient, W/m2·K 440 675 751

Figure 9 a) Temperature distribution of tube-side DPHEX, b) Temperature distribution of shell-side DPHEX
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as the fluid temperature is inversely proportional 
to the flow velocity. Figure 11 shows how the out-
let temperature of gas ethylene changes moder-
ately with varying inlet velocities of the cooling 
water flowing from 0.80 to 1.85 m/s.

Another significant factor affecting thermal 
performance is the pressure drop (PD), through 
represents a vital role in determining the pump-
ing power and, consequently, the operating cost of 
the heat exchanger. The forerunner objective was 
to balance increasing the total heat transfer coef-
ficient while minimizing PD. According to the 
results from GA, increasing the pipe-side inner 
diameter by 19%, the outer diameter by 22%, and 
reducing the fluid velocity to 2.17 m/s collectively 
contributed to a lessening in PD. Meanwhile, de-
creasing the inner diameter on the annulus-side and 
raising the fluid velocity to 3.6 m/s caused a rise 
in PD within sensible limits. Additionally, extend-
ing the tube length increased the tube surface heat 
exchange area, thereby augmenting the convection 
heat transfer coefficient. The values of the decision 
variables obtained from the optimization algorithm 
for DPHEX were as follows: x(1) = 59233.45 kg/h, 
x(2) = 0.0730 m, x(3) = 0.0936 m, and x(4) = 0.1274 

m. It can be seen from Figure 12 the relationship 
between the mass flow rate and the overall heat 
transfer coefficient. Thermal calculations were 
performed to periodically assess the overall heat 
transfer coefficient at various flow rates of cool-
ing water. Concurrently, suitable operating con-
ditions and variables were selected that optimize 
the heat transfer process, while declining water 
consumption, thus promoting saving-energy and 
environmental responsibility. The graph pres-
ents a clear upward trend of the ANSYS FLU-
ENT and GA series, indicating that as the flow 
rate increased, the total heat transfer coefficient 
also grew. This relationship is attributed to the 
rise in the temperature difference between the hot 
and cold fluids, resulting in a greater amount of 
heat transfer. Consequently, there is a swelling in 
heat exchange and the overall heat transfer rate 
between the water and ethylene gas. The study 
recorded the highest heat transfer coefficient at 
approximately 675 W/m2·K and 751 W/m2·K of 
ANSYS FLUENT and GA, respectively, at a flow 
rate of 20.52 kg/s. The percentage error between 
the two procedures was approximately 11%. The 
function of CFD analysis provided the numerical 

Figure 10. a) Velocity contour of tube-side DPHEX, b) Velocity contour of shell-side DPHEX

Figure 11. Temperature vs. velocity
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solution to the heat transfer problem, while GA 
sought to obtain the optimization solution.

Figure 13 depicts the convergence curve of 
the exhaustive optimization algorithm to increase 
overall heat transfer coefficient. The best value of 
objective function is plotted for each generated 
iteration. The optimal value is reached after 89 
iterations of the algorithm. In addition to, Figure 
14 shows the scores of each individual generated, 
where the majority of individuals scored between 
700 and 750, which accounts for the stability 
marked in the convergence curve due to the high 
concentration of scores in this column.

The logarithmic mean temperature difference 
(LMTD) is a essential concept in heat transfer 
systems as it helps determine the driving force, 
much like an engine, for heat exchange process. 

In the present study, LMTD was calculated us-
ing ANSYS FLUENT at various mass flow rates 
of water. The results show a clear direction of 
growing LMTD with an increase in mass flow 
rates, as illustrated in Figure 15. This positive 
relationship confirms that increasing tempera-
ture difference between the fluids improves the 
efficiency of heat transfer through the exchang-
er, a higher LMTD enhances overall heat trans-
fer coefficient in DPHE. 

The relationship between Reynolds number 
and Nusselt number is complex and dependent on 
several factors such as flow type, geometry de-
sign, and the heat transfer mechanism involved. 
Generally, a higher Reynolds number leads to 
more turbulent flow, which enhances convective 
heat transfer by creating eddies and increasing 

Figure 13. Best fitness value at each generation

Figure 12. Overall heat transfer coefficient against mass flow rate
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fluid motion. Consequently, the heat transfer rate 
increases, and Nusselt number, which represents 
the efficiency of heat transfer, also tends to rise. 
However, due to the intricate nature of heat trans-
fer phenomena, the specific relationship between 
Reynolds number and Nusselt number often re-
quires empirical correlations or detailed analysis 
based on experimental data and numerical simu-
lations. In this work, GA procedure evaluates Re 
and NU under the critical assumption that factors 
such as pipe-side and annular side diameters, vis-
cosity, and mass flow rate change, to accurately 
determine and predict heat transfer characteris-
tics. Figure 16 indicated that the relationship is 

Figure 14. Fitness value of the individuals at each generation

Figure 15. LMTD against mass flow rate

direct, with the Reynolds number reaching a val-
ue of 724179.64 and the Nusselt number attaining 
1809.08 at a cooling water flow rate of 20.52 kg/s. 

For Figure 17, in general, increasing the mass 
flow rate typically makes heat transfer more ef-
ficient. More fluid passes through the heat ex-
changer per unit time when the mass flow rate is 
raised. At a flow rate of 20.52 kg/s, the heat ex-
changer achieved its highest effectiveness of up 
to 87.7% and 88.6% as determined by ANSYS 
FLUENT and GA, respectively, providing excep-
tional thermal performance. However, when the 
flow rate was reduced to 14 kg/s, the effectiveness 
of heat exchanger went down to around 82%.
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CONCLUSIONS

In the present work, the heat transfer char-
acteristics of DPHEX were studied through a 
computational investigation to determine the 
optimum design and operating parameters. The 
carefully constructed mesh in ANSYS FLUENT, 
combined with GA, provided a solid foundation 
for conducting simulations and acquiring rigor-
ous results for the six-pass DPHEX. The main re-
sults obtained can be outlined as follows:

The temperatures of entry and exit of ethyl-
ene gas flowed in the inner pipe were 364.6 K 
(91.6 °C) and 322.6 K (49.45 °C), respectively.

The thermal performance of the heat ex-
changer was analyzed and compared using the 
two techniques against its actual performance. It 
was observed that the optimum heat transfer rate 
reached 367 KW with ANSYS FLUENT and 380 
KW with GA, revealing an important increase of 

roughly 24% and 28%, respectively, compared 
to the original model value. This results was 
achieved with the assistance of multiple factors, 
the most efficient being the improvement of the 
heat transfer coefficient, which is associated with 
increased fluid velocities and optimized geomet-
ric features of DPHEX.

The potential of genetic algorithm was evi-
dent in enhancing the overall heat transfer coef-
ficient of DPHEX. Through dedicated research 
across a wide solution space and under various 
operating conditions of DPHEX, the results of 
the four decision variables were sent to Aspen 
HYSYS® software to capture material properties 
aligned with the operating specifications and gen-
erate a new solution at each iteration.

The DPHEX effectiveness was estimated to be 
around 87% to 88%. These findings indicate that the 
heat exchanger performed well and demonstrated 
high thermal efficiency, confirming the soundness 

Figure 16. Nusselt number against Reynold’s number

Figure 17. Mass flow rate versus effectiveness
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of strategy. Under these circumstances, there is a 
distinct opportunity to attain higher performance 
efficiency by integration the optimized geometry of 
DPHEX proposed by GA with CFD anlysis.

Another direction was implemented in an ex-
perimental study with varying cooling water flow 
rates at different levels: 36000 kg/h, 43200 kg/h, 
50400 kg/h, 61200 kg/h, 68400 kg/h, 73860 kg/h, 
and 82800 kg/h. The results indicated that it was 
possible to minimize the mass flow rate of water 
by 46% compared to the initial flow rate. Despite 
the reduction in flow rate, the heat exchanger still 
maintained an acceptable effective performance, 
with a heat transfer rate of 361 KW.

Simulation and modeling studies of heat ex-
changers have a powerful and influential role, 
making them extremely applicable for use in 
various industrial sectors. These studies display 
worthy information about how heat exchangers 
perform in various environments, empowering 
engineers and researchers to improve designs, en-
hance energy efficiency, and save costs.
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