The International Maritime Transport and Logistics (MARLOG 15) - ISSN 2974-3141
http://dx.doi.org/10.21622/MARLOG.2026.15.1.43
Smart & Resilient Logistics Corridors Future Gateway to the Green Trade

Geometrical Optimization of Shell-and-Helical Coil
Heat Exchangers for Marine Waste Heat Recovery

Systems

Mohamed A. Hamied®», Mina A. Saad®, Pedro Garcia-Regodeseves®

and Juan Carlos Rios-Fernandez®

(1) Mechanical Engineering Department, Arab Academy for Science, Technology
and Maritime Transport, Alexandria, Egypt,
{m.abdelmagied@aast.edu, mina.saad@aast.edu}

(2) Department of Energy, University of Oviedo, Gijon, Spain, {riosjuan@uniovi.es,

garciarpedro@uniovi.es}

Keywords: Heat transfer; Shell and Helical tube heat exchanger; CFD analysis.

ABSTRACT

In maritime transportation and the facilities for ports, reliable and compact thermal
components are essential for facilitating sustainable mechanical performance. The article
provides a numerical evaluation of the impact of shell size on the thermal efficiency of
baffled shell-and-helical coil heat exchangers (HCHEs), commonly utilized in maritime
cooling, waste heat recovery, and HVAC systems on ships and offshore platforms. A
verified 3D CFD model was created utilizihng ANSYS Fluent to simulate steady-state fluid
dynamics and thermal transport across three shell diameters (120 mm, 140 mm, and 160
mm) featuring divided baffles and a stationary helical coil. The flow rate of the cold fluid
on the shell side ranged from 2 to 6 L/min. Key performance characteristics, such as
heat transfer rate, thermal efficacy, and temperature distribution, were evaluated to
measure thermohydraulic behavior. The model's reliability was validated by a two-stage
technique utilizing experimental data and established numerical standards. The findings
indicated that decreasing shell diameter markedly improves heat transmission and
thermal efficiency, particularly at reduced flow rates. The compact 120 mm shell
configuration frequently surpassed bigger versions, affirming the significance of
structural compactness in enhancing thermal performance. These findings offer essential
design recommendations for the use of compact heat exchangers into marine and port
systems, facilitating advancements in sustainable and efficient maritime transportation.

Nomenclature

T Temperature, °C

m Mass flow rate, kg/s

@ Rate of heat transfer, W

€ Effectiveness

Cp Specific heat capacity, W/m?-°C
t Thickness, mm
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HE Heat Exchanger

HCHE Helical Coil Tube Heat Exchanger

CFD Computational Fluid Dynamics

LMTD Logarithmic mean temperature difference

In a variety of marine and port-based sectors, such as shipboard systems, cargo
refrigeration, fuel processing, and energy recovery units, heat exchangers (HE) are
essential to thermal energy management. Their capacity to provide efficient heat
transfer across fluid streams dramatically affects the energy efficiency, technical
dependability, and environmental performance of these systems. In terms of
ecologically responsible maritime transportation and eco-friendly port management,
improving the efficiency of heat exchangers is essential for decreasing energy
consumption, decreasing emissions, and facilitating the global shift towards low-carbon,
energy-efficient logistical facilities [1]. HEs form a significant section of a cargo ship's
supplementary systems, representing a considerable margin to the vessel's total
deadweight [2]. Their incorporation within systems such as engine cooling, waste heat
recovery, and ship The heating and cooling system provides them with crucial for
guaranteeing energy efficiency and functional dependability in offshore sectors [3].

across the several configurations of heat exchangers, the shell and helical coil design has
achieved significance owing to its compact structure and enhanced energy efficiency.
This form facilitates fluid flow behaviors, such as Dean vortices, which augment mixing
and turbulence, resulting in an improved heat transfer rate relative to conventional
straight tube configurations [4,5]. Consequently, the incorporation of a helical coil heat
exchanger can significantly enhance the thermal performance of a system. Furthermore,
geometric alterations—specifically improvements to the shell diameter—can enhance the
exchanger's efficiency by affecting the flow pattern and the surface area used for heat
transfer [6][7]. The present research examines the impact of shell diameter variation on
the thermodynamic and fluid performance of shell and helical coil heat exchangers
(HCHE).

The thermal and hydraulic performance of HCHE is determined by a combination of
geometric and flow-related parameters, such as coil diameter, tube diameter, pitch,
number of turns, shell diameter, and Reynolds number—each uniquely affecting
downstream flow development, turbulence intensity, and boundary layer disruption. A
recent numerical study investigated the effects of different HCHESs, revealing that larger
coil diameters improve thermal performance by augmenting centrifugal forces,
facilitating secondary flow, and enhancing radial fluid mixing, thereby increasing heat
transfer rates [8]. A growth in helical tube dimension led to a reduction in the surface
heat transfer coefficient and frictional resistance, while facilitating a more substantial
overall pressure drop [9]. Investigations indicated that augmenting the helical diameter of
the heat transfer fluid tube resulted in a decrease in total melting time, an elevation in the
final average temperature of the fluid, and improved energy absorption [10]. It was
shown that increasing the inclination angle of the HCHE from horizontal to vertical
significantly enhanced thermal performance and reduced pressure drop, with
effectiveness improved by over 23% and pressure drop reduced by up to 32.7%, while
increasing the Dean number led to higher heat transfer rates but also elevated pressure
losses [11]. It was experimentally demonstrated that increasing the inclination angle of
the HCHE from horizontal to vertical enhanced the coil Nusselt number and HE
effectiveness while reducing the pressure fluctuation, particularly when nanofluids such
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as Al,O;/water and SiO,/water were used [12]. It was experimentally observed that
increasing the coil curvature ratio significantly enhanced the heat transfer performance
on both the coil and shell sides of the HE, with average Nusselt numbers rising by up to
160.3% and 224.3% respectively, while also contributing to a noticeable increase in the
Fanning friction factor of the helical coil [13]. It was found that variations in curvature ratio
had a significant impact on the heat transfer coefficient and pressure drop in the
saturated boiling region, while their influence was less pronounced in the subcooled
boiling region [9]. It was numerically observed that a lower curvature ratio (di/Dc =
0.142) resulted in a higher rate of heat transfer, whereas a greater curvature ratio
(0.166) produced higher Dean and Nusselt numbers within the helical coil, indicating a
trade-off between flow development and thermal performance [14]. It was found that
decreasing the twist pitch (i.e., reducing the y/d ratio) led to a notable increase in
thermal performance, with the highest Nusselt number enhancement observed at the
smallest pitch (y/d = 3), confirming that tighter twisting intensifies swirl flow and
improves thermal performance [15]. It was numerically demonstrated that introducing

variable radial pitch along the helical tube length significantly enhanced thermal
performance improving the performance evaluation criteria (PEC) by up to 10% whereas
variations in axial pitch showed minimal effect under the same conditions [16]. In a
separate investigation, increasing the external helix diameter of a double coil HCHE was
found to significantly enhance thermal performance, with a 33.34% increase in helix
diameter resulting in performance improvements of up to 42.86% at Re = 2000 due to
greater heat transfer surface area and more effective fluid mixing [17]. Although
significant study has been conducted on coil geometry and flow parameters, shell
diameter remains a crucial yet inadequately examined design element; its optimization is
vital for improving thermal performance and significantly contributes to reducing material
consumption, spatial footprint, and overall operational costs, thereby serving as a pivotal
factor in the technical and economic efficiency of HCHEs.

While numerous studies have investigated the implementation of baffles in HCHE to
improve heat transfer through enhanced shell side turbulence, there has been limited
focus on the impact of shell structure, specifically shell diameter, on the thermal and
hydraulic performance of baffled configurations. Most current research presumes a
constant shell dimension, neglecting its influence on flow dynamics and thermal
efficiency.

The present research fills the gap by performing a comprehensive numerical analysis on
the impact of different shell sizes (120 mm, 140 mm, and 160 mm) in a baffled HCHE. This
study offers novel insights into the influence of shell size on flow structure, turbulence
formation, and heat exchange efficiency, which is essential for optimising small thermal
systems, particularly in space-restricted marine and offshore locations.

This research paper utilizes a computational fluid dynamics (CFD) approach to examine
the impact of shell diameter fluctuation on the fluid dynamics behavior of a baffled heat
exchanger. ANSYS Fluent conducts experiments that facilitate three-dimensional
modeling of complex flow and heat transport phenomena across diverse geometric
structures and operational situations.

A detailed 3D model of the heat exchanger is developed, incorporating helical coil
geometry, segmental baffles, and variable shell diameters. The computational domain
includes both the shell-side and tube side fluid regions to accurately capture the
interaction between the hot and cold fluids. A structured mesh is generated with local
refinement around the coil and baffles to ensure accurate resolution of boundary layers
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and thermal gradients. To ensure computational accuracy and efficiency, a grid
independence study is performed to identify the optimal mesh density.

A turbulence model is selected based on its proven capability to model turbulent flow
and secondary motion in coiled geometries. The physical properties of the working fluids
are assumed to be temperature based, and appropriate boundary conditions (e.g.,
constant wall heat flux, inlet velocity, and outlet pressure) are applied to replicate
realistic operating conditions.

Model validation is carried out by comparing simulation results with available experimental
data and established numerical models from the literature. Key performance parameters
such as Nusselt number, pressure drop, and heat exchanger effectiveness are used to
assess the accuracy of the model.

Following validation, a parametric analysis is conducted by systematically varying the
shell diameter while keeping other geometric parameters (e.g., coil diameter, pitch,
number of baffles) constant. The shell diameters considered span a practical design
range, ensuring the applicability of results to industrial scenarios.

The results from this study provide actionable insights into how shell diameter influences
flow distribution, turbulence intensity, and thermal performance. Ultimately, the findings
support design optimization strategies that aim to improve energy efficiency and reduce
material and operational costs in baffled HCHEs.

In this study, the thermal and flow characteristics of a baffled HCHE were numerically
investigated using ANSYS Fluent 19.0. The simulation domain included both the shell and
tube sides, with water serving as the working fluid throughout. The fluid was presumed
incompressible, and the governing equations for mass, momentum, and energy
conservation were resolved utilizing the concept of finite volumes.

To accurately capture turbulence effects, the standard k-e turbulence model was
employed, along with narrow cell near wall to model near-wall behavior. Pressure-
velocity coupling was handled using the SIMPLEC algorithm, ensuring stability and
convergence of the flow field.

All models were regarded as convergent when the residuals for the momentum and
energy equations fell below 107°, so assuring that the heat acquired by the cold fluid
nearly corresponded to the heat relinquished by the hot fluid. The internal energy balance
validates the accuracy of the numerical results and ensures appropriate conservation
within the simulation domain.

The heat exchanger was modeled with cold water entering the shell side from a bottom
inlet at a temperature of 291.8 K, while hot water entered the helical tube from the side
inlet at 333.3 K. The shell-side flow rate varied across simulations, ranging from 2 to 6
L/min in 1 L/min increments to assess its effect on performance. In all cases, the tube-
side flow rate was held constant at 3 L/min.

The heat exchanger comprises a cylindrical shell-and-coil configuration, specifically
designed for assistance high-efficiency energy exchange between two fluid streams.
The shell section measures 0.340 m in total length, incorporating 0.012 m diameter ports
for both inlet and outlet connections. Housed within the shell is a helical tube formed from
3%4-inch nominal diameter tubing, wound into a 0.1 m diameter coil with a 0.3 m axial
length. This compact helical arrangement maximizes surface area within a confined
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volume, enhancing convective heat transfer through induced secondary flow patterns.
The geometric specifications and structural layout of the unit are illustrated in Figure 1.
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Figure 1: HCHE Structure

3.2. Meshing

A structured hexahedral mesh was created for the complete 3D geometry of the shell-
and-helical coil heat exchanger utilisihng ANSYS Meshing tools. Particular emphasis was
placed on enhancing the mesh next to the tube walls, baffle edges, and fluid-solid
interfaces to precisely identify boundary layers and record velocity and temperature
gradients. A grid independence test was conducted by progressively refining the mesh
and observing variations in output temperature and heat transfer rate. Following this
research, a final mesh including about 8 milion components was selected, as more
refinement resulted in minimal changes to the simulation outcomes.

3.3. Validation and Verification

To guarantee dependability and precision of the numerical model, a dual validation
approach was employed. This process consisted of two stages: (1) comparison with
experimental data obtained from a controlled test rig, and (2) benchmarking against an
established numerical and experimental model from literature.

In the first stage, the CFD results were directly compared with data measured from a
custom-built experimental setup replicating the same shell-and-helical coil heat
exchanger geometry and boundary conditions shown in Figure 2. Key performance
indicators—including outlet temperatures, Nusselt number, and pressure drop were
recorded and compared with simulation outputs. The simulation results demonstrated
significant concordance with the experimental measurements, with deviations
maintaining within an acceptable error range, so affirming the model's capacity to
accurately represent the structure's physical behavior within scenarios from the real
world [18].

The second stage included an evaluation using a previously developed model that
incorporated both numerical and experimental results for a corresponding HE structure.
This stage facilitated the cross-validation of the simulation framework across various
geometric and flow parameters. The evaluation of performance parameters, including
the average Nusselt number and U-factor, revealed consistent patterns with the
mentioned study, so validating the robustness of the numerical methodology [19].
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The success of this two-tiered validation process confirms the model's credibility and its
suitability for conducting parametric studies focused on shell diameter optimization and
thermal-hydraulic performance assessment.

Figure 3 illustrates the difference of the computed and experimental outlet
temperatures of the hot fluid over an interval of cold fluid flow rates (2-6 L/min) for the
conventional shell-and-helical coil heat exchanger. The results reveal a constant
correlation between the two datasets, with the simulation accurately mirroring the
experimental response. The measured greatest absolute variation is roughly 2 °C, while
the average inaccuracy across all tested flow rates is consistently below 1.5 °C. This
robust agreement validates the dependability and predictive precision of the numerical
model in depicting the thermal performance of the heat exchanger under steady-state
conditions.
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Figure 2: Experimental Setup layout
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Figure 3: Comparison between the experimental and numerical hot fluid temperature

This model was previously going through a mesh independence study which Published in a
prior article as shown in Figure 4 [18].
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Figure 4: Mesh Independence Study

The theoretical evaluation of the numerical results is carried out using fundamental heat
transfer relations. The rate of heat transfer on both the hot and cold fluid sides of the
HCHE is determined using Eq. (1). This equation incorporates the average specific heat
capacity of the fluid to accurately reflect temperature-dependent thermal behavior. By
applying this approach, the thermal performance of the exchanger can be quantitatively
assessed under various operating conditions [20].
(mhotcpx(Thot,in_Thot,out))+(mcoldcpX(Tcold,in_Tcold,out))
Quw = > (1)

The rate of heat transfer, Q, is calculated using Eq. (1), where m is the mass flow rate
(kg/s), Cp is the specific heat capacity (J/kg-K), and Tin, Tout are the fluid inlet and
outlet temperatures (K), respectively.

Evaluating the energy performance of a HE is essential for understanding its operational
efficiency. One key metric used for this purpose is effectiveness, which quantifies the
exchanger's ability to transfer heat relative to its maximum potential. The effectiveness
is calculated using Eq. (2).

0 C hot (T hot,in _Thot,out>
cold \ cold,out cold,in
& = = (2)

Qmax CminX(Thot,in_Tcold,in)

This section presents and analyzes computational results concerning the thermophysical
behavior of the baffled HCHE. Key performance indicators, including the heat transfer
rate and thermal effectiveness, are assessed to examine the impact of shell diameter
variation on the system's thermal efficiency. Furthermore, temperature contour plots
are analyzed to depict the distribution and gradient of thermal fields within the
exchanger, providing insights into the efficacy of heat exchange between the shell-side
and coil-side fluids. These findings underscore the influence of geometric variations on
total thermal capability.

Figure 5 illustrate the temperature contours for three shell diameters—120 mm, 140 mm,
and 160 mm—within a baffled HCHE. Among the configurations, Shell 120 mm distinctly
exhibits enhanced heat transfer efficiency, as evidenced by the elevated temperature
distribution (yellow to red regions) concentrated around the helical coil. The compact
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shell design compels the shell-side fluid to stay near the coil surface, hence improving
convective heat transfer through heightened flow turbulence and intensified
temperature gradients. The heightened interaction between the hot and cold fluids
enhances energy exchange and increases overall efficacy, which aligns with the goal of
optimizing heat transfer.

The Shell 140 mm and Shell 160 mm casings exhibit increasingly colder temperature
zones, especially adjacent to the outside shell wall. As the shell diameter enlarges, the
flow on the shell side becomes less restricted and more stratified, diminishing contact
with the coil surface and impairing heat mixing. The Shell 160 mm configuration has
extensive areas of unused low-temperature fluid, leading to markedly diminished heat
transmission rates. The increased distance between the coil and the shell wall results in
reduced fluid velocity and decreased turbulence, both of which adversely affect
convective heat transfer. Moreover, the augmentation of shell volume results in irregular
flow distribution and the emergence of stagnant zones, which impede the exchanger's
capacity to sustain a uniform temperature gradient. This decline in thermal performance
diminishes the efficacy of the heat exchanger and leads to an inefficient utilization of
shell space and material.

From an engineering and economic standpoint, an excessively large shell diameter may
incur increased material expenses and need more installation area without providing
equivalent thermal advantages. Consequently, Shell 120 mm exemplifies superior thermal
efficiency while also embodying a more compact and economic design solution. The
temperature contours indicate that a more compact shell design improves contact
between the shell-side fluid and the helical coil, facilitating more uniform and enhanced
heat transmission across the exchanger. These findings highlight the essential importance
of optimizing shell diameter, which enhances heat transfer and improves overall design
efficiency and cost-performance balance in compact heat exchanger applications.

Shell 120 Shell 140 Shell 160
(s < o ©
N - o (o2}
™ ™ ™ N
| . <

Figure 5: Temperature contour for different modifications

Figure 6 shows the velocity streamline profiles for three shell sizes: 120 mm, 140 mm,
and 160 mm, in the baffled HCHE. The streamlines clearly exhibit the fluid flow dynamics
within the shell side, revealing the impact of shell diameter on mixing, flow dispersion,
circulation, and convective transmission.

In the Shell 120 mm configuration, the flow demonstrates greater recirculation quantity
and more compact, closely spaced vortices between baffles. The streamline density
and orientation suggest that the fluid is interacting with the coil surface because of the
narrow shell space, which amplifies turbulence and interaction. This improved contact
promotes efficient heat transfer, as the fluid is compelled to flow closely over the
heated coil surfaces with minimal stagnant areas.
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According to the Shell 140 mm design, the streamlines widen and exhibit a marginal
decrease in the capacity of recirculating flows. While certain robust vortex regions
persist, especially adjacent to the baffles, the flow seems more dispersed, indicating a
moderate reduction in turbulence and mixing efficiency relative to the denser
arrangement. This may result in diminished heat transmission efficiency, particularly in
areas furthest from the coil surface.

In the Shell 160 mm layout, the flow exhibits markedly increased separation,
characterized by wider and smoother recirculating loops and a noticeable reduction in
high-velocity zones. The streamlines reveal the presence of stationary flow zones,
particularly adjacent to the shell edges, where fluid velocity is minimal (as illustrated in
the blue sections). These regions denote ineffective thermal zones, as diminished fluid
actively participates in convective heat transfer. The diminished turbulence and the
extended flow separation distance from the coil surface result in the noted decrease in
heat transfer efficiency for this scenario.

The streamline plots indicate that reduced shell diameters provide superior flow
confinement and mixing, hence augmenting turbulence and enhancing thermal endurance.
As the shell diameter increases, flow uniformity and energy decrease, hence decreasing
the performance of the HE, particularly at lower Reynolds numbers.
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Figure 6: Streamline for different diameters

Figure 7 illustrates the fluctuation in heat exchanger efficacy concerning cold-side flow
rates (2-6 L/min) for three distinct baffled shell diameters: 120 mm, 140 mm, and 160
mm. The findings indicate that the 120 mm shell consistently exhibits the maximum
efficacy across all flow rates, reflecting greater thermal performance attributable to the
closer fluid contact to the helical coil and improved convective interaction. This
arrangement demonstrates a significant advantage at lower flow rates, achieving an
effectiveness of around 0.575 at 2 L/min, in contrast to 0.555 and 0.545 for the 140
mm and 160 mm shells, respectively. With an increase in cold flow rate, efficacy
improves across all configurations owing to superior mixing and elevated convective
heat transfer rates. Nonetheless, the 120 mm shell exhibits a marginal performance
advantage consistently, suggesting that the advantages of a more compact design
endure even at elevated flow conditions. At a flow rate of 6 L/min, the effectiveness
values of all three configurations start to converge, indicating a reduced impact of shell
diameter as turbulence prevails. Nevertheless, the consistently superior performance of
the smaller shell underscores its efficacy in optimizing heat exchange under limited flow
conditions. These findings highlight the significance of optimizing shell diameter for
thermal enhancement, compact design, material efficiency, and increased system
responsiveness under various operational loads.
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Figure 7: Effectiveness for different structural arrangements

The impact of shell diameter variation on the mean heat transfer rate was examined
throughout cold flow rates between 2 and 6 L/min. Figure 8 reveals that all configurations
exhibit a distinct upward trend in heat transfer rate as flow rate increases, showing the
influence of elevated Reynolds numbers and enhanced convective activity. At a flow
rate of 2 L/min, the HE with a 120 mm shell diameter attains a heat transfer rate of
roughly 3450 W, surpassing the 140 mm and 160 mm shell configurations, which achieve
around 3300 W and 3250 W, respectively. This indicates a thermal enhancement of
approximately 5% to 6% favoring the more compact shell.

With elevating in the cold flow rate to 6 L/min, the performance disparity diminishes, as
the 120 mm shell achieves an average heat transfer rate near 5100 W, while the 140 mm
and 160 mm shells reach approximately 5000 W and 4950 W, respectively. Although
the extent of benefit diminishes at elevated flow rates due to intensified convective
mixing in all instances, the 120 mm shell consistently retains a thermal superiority. The
results highlight that a reduction in shell diameter enhances heat transfer, especially at
lower flow rates, by facilitating closer fluid interaction with the helical coil and improving
the overall efficacy of the exchanger design.
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Figure 8: The rate of heat transfer for different structural arrangements
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The numerical analysis indicates that the incorporation of baffles and internal fins
markedly enhances the energy efficiency of the HCHE. The combination of baffles and
the smallest diameter consistently shown optimal performance for efficacy, heat
transfer rate, and flow field augmentation among all configurations. Baffles significantly
influenced shell-side mixing and heat transfer, whilst the smaller diameter increases the
contact time between fluid and the coil surface. The study further validated that the
combined configuration provides the optimal balance between thermal enhancement and
flow resistance, especially at reduced flow rates. Contour and streamline plots visually
corroborated these findings, emphasizing the enhanced mixing and optimized
temperature distribution due to geometric alterations. These findings offer significant
insights into the model optimization of compact and efficient HEs for improved thermal
systems.

In summary, the numerical results clearly demonstrate that shell diameter plays a critical
role in shaping the energy efficiency of baffled HCHEs. Among the tested
configurations, the 120 mm shell consistently achieved higher effectiveness and greater
heat transfer rates within the margin of flow conditions, particularly at lower flow rates
where fluid confinement enhances thermal interaction. As shell diameter increased, both
effectiveness and heat transfer performance declined due to reduced turbulence and
weaker contact between the shell-side fluid and the coil surface. These findings highlight
the importance of geometric optimization specifically shell sizihng as a key design
consideration for improving exchanger efficiency, reducing energy losses, and
maximizing heat recovery in compact thermal systems.

This study comprehensively investigated the effect of shell diameter on the thermal
performance of baffled HCHEs. Through validated numerical simulations, several key
observations were made regarding how shell geometry influences heat transfer
behavior, fluid dynamics, and overall system efficiency. The main conclusions are
summarized as follows:

* The shell diameter plays a critical role in determining the HE's thermal effectiveness
and heat transfer rate.

* The 120 mm shell diameter consistently exhibited the best performance across all
tested flow rates, demonstrating superior thermal behavior due to enhanced fluid
proximity and stronger convective interaction with the coil.

* Larger shell diameters (140 mm and 160 mm) led to more stratified flow, reduced
turbulence, and the formation of underutilized cold zones, resulting in lower heat
transfer performance.

+ The performance gap narrowed at higher cold flow rates (up to 6 L/min), but the
compact 120 mm shell maintained a consistent thermal advantage throughout.

+ A smaller shell diameter facilitated better flow confinement and turbulence
generation, which are essential for efficient heat exchange, especially under lower
Reynolds number conditions.

* From a practical standpoint, optimizing shell diameter not only improves thermal
efficiency but also offers economic advantages by reducing material usage and
system footprint.

* These findings highlight that geometric optimization, particularly in terms of shell sizing,
is crucial for enhancing both performance and cost-effectiveness in compact heat
exchanger applications.
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+ The research highlights the significance of geometrically influenced design in
facilitating high-performance, compact heat exchangers, especially advantageous
for offshore and marine applications where decreasing footprint, reducing weight,
and enhancing thermal performance are essential.

This research examined the impact of shell diameter under steady-state conditions,
utilizing constant fluid characteristics and simplified assumptions, including the disregard
of wall conduction and fouling effects. These limits may restrict the applicability of the
results to real-life operating situations.

Future studies should aim to expand the model to incorporate transient simulations,
dynamic fluid properties, and a broader spectrum of geometric configurations to
enhance the generalizability of the results. Ultimately, examining the complex relationship
between shell geometry and other passive improvement methods (such as twisted
tubes or vortex generators) may uncover further avenues for enhancing heat exchanger
efficiency in small and space-restricted settings.

[11 Q. Wang, G. Chen, Q. Chen, M. Zeng, Review of Improvements on Shell-and-Tube Heat Exchangers With Helical
Baffles, Heat Transfer Engineering 31 (2010) 836-853. https://doi.org/10.1080/01457630903547602.

[2] T. Miller, I. Durlik, E. Kostecka, P. Kozlovska, A. Jakubowski, A. Lobodziiiska, Waste Heat Utilization in Marine Energy
Systems for Enhanced Efficiency, Energies (Basel) 17 (2024). https://doi.org/10.3390/en17225653.

[3] Marine engines and auxiliary machinery, The Maritime Engineering Reference Book (2008) 344-482.
https://doi.org/10.1016/B978-0-7506-8987-8.00006-8.

[4] G.G. Cruz, M.A.A. Mendes, J.M.C. Pereira, H. Santos, A. Nikulin, A.S. Moita, Experimental and numerical
characterization of single-phase pressure drop and heat transfer enhancement in helical corrugated tubes, Int J Heat
Mass Transf 179 (2021) 121632. https://doi.org/10.1016/j.ijheatmasstransfer.2021.121632.

[5] Heat transfer in helical coil heat exchanger: An experimental parametric study, Chemical and Process Engineering
(2023). https://doi.org/10.24425/cpe.2019.126104.

[6] T. Maryam, U. Ahmad, G. Rasool, M. Ashraf, T. Sun, |. Razzaq, Numerical Study of the Thermal Performance of the
combined effect of solar energy and variable density around a Laminar Vertical jet, Case Studies in Thermal
Engineering 56 (2024) 104275. https://doi.org/10.1016/j.csite.2024.104275.

[7]1 M. Saeedan, M. Bahiraei, Effects of geometrical parameters on hydrothermal characteristics of shell-and-tube heat
exchanger with helical baffles: Numerical investigation, modeling and optimization, Chemical Engineering Research and
Design 96 (2015) 43-53. https://doi.org/10.1016/J.CHERD.2015.02.004.

[8]1 A. Mir, S.H. Hashemi Karouei, R.H. Rasheed, P.K. Singh, S. Dixit, R. Ali, W. Aich, L. Kolsi, Numerical investigation of the
effect of three types of spiral coils on the hydrothermal behavior of fluid flow in a shell and coil heat exchanger, Case
Studies in Thermal Engineering 70 (2025) 106078. https://doi.org/10.1016/J.CSITE.2025.106078.

[9]1 C. Zhang, H. Liu, H. Sun, B. Chen, Y. Hou, Y. Zhou, Numerical investigation on pressure and heat transfer characteristics
in helical tubes with varying geometrical parameters, Progress in Nuclear Energy 187 (2025) 105854.
https://doi.org/10.1016/J.PNUCENE.2025.105854.

[10] M. Rahimi, M.J. Hosseini, M. Gorzin, Effect of helical diameter on the performance of shell and helical tube heat
exchanger: An experimental approach, Sustain Cities Soc 44 (2019) 691-701.
https://doi.org/10.1016/J.SCS.2018.11.002.

[11] H.M. Maghrabie, M. Attalla, A.A.A. Mohsen, Performance of a shell and helically coiled tube heat exchanger with
variable inclination angle: Experimental study and sensitivity analysis, International Journal of Thermal Sciences 164
(2021) 106869. https://doi.org/10.1016/J.IJTHERMALSCI.2021.106869.

[12] H.M. Maghrabie, M. Attalla, A. A. A. Mohsen, Performance assessment of a shell and helically coiled tube heat
exchanger with variable orientations utilizing different nanofluids, Appl Therm Eng 182 (2021) 116013.
https://doi.org/10.1016/J.APPLTHERMALENG.2020.116013.

[13] M.R. Salem, K.M. Elshazly, R.Y. Sakr, R.K. Ali, Experimental Investigation of Coil Curvature Effect on Heat Transfer and
Pressure Drop Characteristics of Shell and Coil Heat Exchanger, J Therm Sci Eng Appl 7 (2015).
https://doi.org/10.1115/1.4028612.

[14] Safaa A. Saleh, Zena K. Kadhim, Kamil Abdulhusein Khalaf, CFD simulation of helical coil heat exchanger with Different
coil pitch to heating heavy fuel oil, Wasit Journal of Engineering Sciences 11 (2023) 120-139.
https://doi.org/10.31185/ejuow.volll.iss3.472.

[15] S.W. Chang, P.-S. Wu, W.L. Cai, J.H. Liu, Turbulent flow and heat transfer of helical coils with twisted section, Appl
Therm Eng 180 (2020) 115919. https://doi.org/10.1016/j.applthermaleng.2020.115919.

[16] S. Pourhemmati, H.A. Mohammed, A. Shafieian, The use of variable coil pitch of helical tube on the hydro-thermal
performance improvement, Case Studies in Thermal Engineering 53 (2024) 103944,
https://doi.org/10.1016/J.CSITE.2023.103944.

25


http://dx.doi.org/10.21622/MARLOG.2026.15.1.43

The International Maritime Transport and Logistics (MARLOG 15) - ISSN 2974-3141
http://dx.doi.org/10.21622/MARLOG.2026.15.1.43
Smart & Resilient Logistics Corridors Future Gateway to the Green Trade

[17]1 S.H. Hashemi Karouei, D.J. Jasim, A. Basem, A.J. Sultan, A.H. Al-Rubaye, S.S. Mousavi Ajarostaghi, On the thermal
performance of a shell and double coil heat exchanger: Numerical analysis of the geometrical characteristics impacts,
Case Studies in Thermal Engineering 63 (2024) 105349. https://doi.org/10.1016/J.CSITE.2024.105349.

[18] M.A. Hamied, M. Atta, P. Garcia-Regodeseves, J.C. Rios-Fernandez, A novel sequential approach through structural
enhancements for designing a new serrated helical heat exchanger, Case Studies in Thermal Engineering 69 (2025)
106006. https://doi.org/10.1016/j.csite.2025.106006.

[19]1 A. Gungor, A. Khanlari, S. Adnan, Numerical and experimental study on thermal performance of a novel shell and
helically coiled tube heat exchanger design with integrated rings and discs, 182 (2022).
https://doi.org/10.1016/j.ijthermalsci.2022.107781.

[20] A.D. Tuncer, A. Sozen, A. Khanlari, E.Y. Glrbiiz, H.I. Variyenli, Analysis of thermal performance of an improved shell
and helically coiled heat exchanger, Appl Therm Eng 184 (2021).
https://doi.org/10.1016/j.applthermaleng.2020.116272.

26


http://dx.doi.org/10.21622/MARLOG.2026.15.1.43



