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GRAPHICAL ABSTRACT

e Decreasing helical pitch in
the coil leads to an increase
in heat transfer coefficient
and Nusselt number.

e  Water/Titanium oxide
nanofluid results in a
significant improvement in
thermal performance.

e The combination of
nanofluid and  optimal
geometric design

(decreasing helical pitch)
enhances thermal efficiency.
e The necessity of optimal
design based on operating
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Owing to their curved configuration, offer superior characteristics. Recently,
nanofluids have gained significant attention due to their enhanced
thermophysical properties. This study presents a comprehensive investigation on
the influence of geometric and flow parameters on the thermal performance

employing nanofluids. A three-dimensional computational model featuring a
decreasing helical pitch in both horizontal and vertical directions was developed
and compared with conventional constant-pitch configurations. Key thermal—
hydraulic parameters, including the Nusselt number, pressure drop, heat transfer
coefficient, and overall thermal efficiency, were analyzed using ANSYS Fluent.
The findings demonstrate that the use of a decreasing helical pitch can enhance
the Nusselt number and heat transfer coefficient by approximately 15-20%,
while the associated pressure drop increases only by 5-8%. Furthermore,
employing TiO, -water nanofluid improved the overall thermal efficiency by up
to 12% compared with the base fluid. These results confirm that integrating an
optimized helical geometry with suitable nanofluids can substantially improve
the heat transfer performance of shell-and-coil heat exchangers, offering
valuable insights for energy-efficient industrial design.
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1. Introduction

With the continuous advancement of industrial sectors and the increasing global demand for energy, improving the
performance of heat transfer equipment has become increasingly important. Among the various types of heat
transfer systems, shell and tube heat exchangers are the most widely used due to their robust design, high thermal
efficiency, and operational reliability. In particular, shell and tube heat exchangers with spiral coils, due to their
distinctive geometry, provide improved fluid mixing and higher heat transfer coefficients than conventional straight

tube exchangers.
1-1 Nanofluids as a passive method

One of the most effective passive techniques for improving heat transfer performance is the use of nanofluids.
Nanofluids are engineered colloidal suspensions in which very small nanoparticles (typically smaller than 100 nm)
are uniformly dispersed in a conventional base fluid such as water, ethylene glycol, or oil. Their addition
significantly improves the thermophysical properties of the base fluid—in particular, thermal conductivity,
convective heat transfer coefficient, and energy transfer efficiency-without requiring additional mechanical energy

input.
1-2 Review of previous research

Most studies have confirmed that nanofluids significantly enhance convective heat transfer; however, increasing the
concentration of nanoparticles may result in higher viscosity and pressure drop, which requires careful
optimization. Rajhi et al. (2025) investigated the combined effect of external helical fins and hybrid nanofluids on
the thermal performance of shell-and-coil exchangers and showed that this hybrid configuration can significantly
improve heat transfer [1]. Similarly, Hassan et al. (2025) experimentally studied hybrid nanofluids consisting of
MWCNT and Al, Os; nanopartides in a shelland-tube exchanger and reported a significant increase in the
convective heat transfer rate compared to single-component nanofluids [2]. In addition, Bakak et al. (2022)
numerically investigated the flow of hybrid nanofluids in a conical spiral coil exchanger and reported that changing
the coil geometry improves fluid mixing and heat transfer, although it is accompanied by a slight increase in
pressure drop [3]. In (2020), Nidal et al. analyzed the thermal and hydraulic performance of cross-sectional spiral
coil heat exchangers as a new type of exchanger [4]. In (2020), Dan Zheng et al. investigated the performance of a
plate heat exchanger using different nanofluids. The results showed that both the heat transfer rate and pressure

drop for nanofluids increased significantly compared to the base fluid [5].
1-3 Research and study objectives

Although several studies have investigated different coil geometries, most of them have been limited to fixed-pitch
configurations, while the effect of variable or decreasing pitch on thermo-hydraulic performance has been
insufficiently addressed. Changes in the helical pitch can significantly alter the secondary flow patterns and fluid
mixing intensity, which in turn affect the heat transfer enhancement and pressure drops. Therefore, this study aims
to numerically investigate the combined effect of geometric and flow parameters, with an emphasis on decreasing
helical pitch designs, on the thermal performance of shell-and-coil heat exchangers using TiO. and Al, O;

nanofluids.

2. Research Problem Statement and Objectives
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Due to their special design, coiled shell and tube heat exchangers can provide better heat transfer than conventional
exchangers. The use of nanofluids, especially Titanium oxide and aluminum oxide nanofluids, is one of the
effective solutions for increasing the heat transfer coefficient, as they offer improved thermal properties. However,
the combination of geometric factors such as spiral pitch and flow parameters with nanofluids has not yet been fully
investigated. Also, most of the existing studies are mainly limited to exchangers with a fixed spiral pitch, and the
effect of decreasing spiral pitches in the horizontal and vertical directions on the thermal performance of such
exchangers has not been comprehensively analyzed. Therefore, the main problem of the present study is to identify
and analyze the interaction effect of geometric parameters and flow conditions on the thermal efficiency of a shell-
and-tube coil heat exchanger with Titanium oxide nanofluid; which can play a significant role in the optimal design
of exchangers. The main objectives of this study are: 1) Numerical investigation of the effect of decreasing spiral
pitch in horizontal and vertical directions on heat transfer and pressure drop of the exchanger. 2) Comparison of the
results of the model with decreasing spiral pitch with models with fixed pitch in the presence of aluminum oxide

nanofluid.
3. Research Method

A three-dimensional numerical model was simulated and its results were compared with the results of previous

constant pitch findings. The steps of the research are as follows:
3-1- Heat exchanger geometric model

The geometric model includes a shell-and-tube heat exchanger with a spiral coil, which has two spiral pitch modes:
constant pitch and decreasing spiral pitch in the horizontal and vertical directions. The main dimensions such as
tube diameter, coil diameter, exchanger length and parameters related to the spiral pitch are defined according to

the reference conditions.
3-2- Boundary conditions and flow parameters

Tube side (inside the coil): The nanofluid flow is introduced uniformly with a specified mass flow rate and the flow
is considered turbulent (Reynolds number in the range of 6000 to 14000). Shell side: The secondary fluid flow
(water) is in specified thermal and flow conditions. The hot fluid is inside the coil and the cold fluid is inside the
shell (water). The inlets and outlets of the tube and shell have known flow parameters. The inlet temperatures, wall
conditions and other boundary conditions (such as all internal coil walls being thermally insulated) are simulated

according to actual or hypothetical conditions.
3-4- Physical models and governing equations

The governing equations include the conservation of mass, momentum, and energy equations for fluid and
nanofluid flow, which are solved in three dimensions and in the steady state. The Realizable k-¢ turbulence model
is used, and the physical properties of nanofluid are defined as a function of concentration and temperature.

Homogeneous models are used to model the properties of nanofluid.
3-5- Numerical solution method

The simulations are performed using Ansys Fluent software. The meshing of the solution domain includes precise
and optimized meshing (mesh type: polyhedral) to increase the accuracy of the results and reduce the calculation

time. In Ansys Fluent, the polyhedral mesh is created using Mosaic Meshing technology, which allows the
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combination of polyhedral, hexagonal, and boundary layer elements (Wall Inflation) in an automatic and optimal

manner.
3-3- Graphs and analysis of results

In Fig. 1, the heat transfer coefficient of the coil is investigated in terms of Reynolds number for water fluid with
constant pitch, water fluid with variable pitch, and water/Titanium oxide fluid. The surface heat transfer coefficient
for all cases increases significantly with increasing Reynolds number, which is proportional to the increase in
turbulence and boundary layer strengthening. The water/Titanium oxide nanofluid with variable pitch has the
highest surface heat transfer coefficient. Compared to water with variable pitch, it has a higher surface heat transfer
coefficient than water with fixe pitch, which indicates the role of coil geometry in increasing mixing and
convection. In Fig. 2, the thermal efficiency of the coil for water fluid with constant pitch, water fluid with variable
pitch and water/Titanium oxide fluid is investigated. With increasing Reynolds number, the efficiency (¢) decreases
for all fluids. This behavior indicates a change in the hot/cold flow ratios and a decrease in the effective mean
temperature difference or a change in the effective heat transfer function with increasing velocity. (In coil systems,
sometimes an increase in Reynolds number affects the efficiency behavior nonlinearly.) At all Reynolds number
values, the water/Titanium oxide nanofluid shows the highest efficiency, followed by water with variable pitch and
finally water with fixed pitch. That is, both the variable pitch and the addition of nanoparticles cumulatively
increase the efficiency. The distance between the curves decreases or increases with changing Reynolds number,

meaning that the relative effect of nanofluid and geometry is different at different Reynolds numbers.
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Fig. (1). Heat transfer coefficient with Reynolds number Fig. 2. Coil efficiency as a function of Reynolds number

4. Summary and Conclusion

In this study, the effect of geometric and flow parameters, especially the decreasing spiral pitch, on the thermal
performance of the shell and tube heat exchanger with Titanium oxide nanofluid was numerically investigated. The
results can be summarized as follows: 1)The use of decreasing spiral pitch in the coil increased the heat transfer
coefficient and Nusselt number compared to models with fixed pitch. 2) The use of water/Titanium oxide nanofluid
led to a significant improvement in the thermal efficiency of the exchanger, although the pressure drop also
increased slightly with increasing nanoparticle concentration. 3) Comparison of the results showed that the

combination of nanofluid and optimal geometric design (decreasing spiral pitch) can simultaneously improve
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thermal efficiency and maintain hydraulic balance in the exchanger. 4) Sensitivity analysis of flow parameters
(Reynolds number and flow velocity) indicates that changing these factors has a significant effect on heat transfer

and optimal design should be carried out according to operating conditions.
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