’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 10 Issue: 11 | Nov 2023

www.irjet.net

p-ISSN: 2395-0072

Advancements in Heat Exchanger Design: A Review of Double Helically
Coiled Heat Exchangers Utilizing Hybrid Nanofluids and Taguchi
Orthogonal Array with CFD and Thermal Analysis"

Abhishek Krishnal, Dr. Ajay Singh?, Dr. Parag Mishra3

1Scholar, Department of Mechanical Engineering, Radharaman Institute of Technology and Science, Bhopal, M.P,,
INDIA
2 Head and Prof,, Department of Mechanical Engineering, Radharaman Institute of Technology and Science,
Bhopal, M.P., INDIA
3 Associate Professor, Department of Mechanical Engineering, Radharaman Institute of Technology and Science,
Bhopal, M.P., INDIA

Abstract - Heat exchangers play a pivotal role in various
industrial processes, and optimizing their design and
performance is of paramount importance. This review paper
focuses on the advancements in heat exchanger technology,
with a particular emphasis on the integration of doubly
helically coiled heat exchangers, hybrid nanofluids, Taguchi
orthogonal array, and computational fluid dynamics (CFD)
analysis for enhanced thermal performance. The doubly
helically coiled heat exchanger is a novel configuration that
offers several advantages over conventional designs, including
increased heat transfer efficiency, compactness, and reduced
pressure drop. In recent years, researchers have explored the
use of hybrid nanofluids, which are engineered colloidal
suspensions of nanoparticles in conventional heat transfer
fluids. These hybrid nanofluids exhibit superior thermal
properties compared to pure fluids, enhancing the overall heat
transfer capabilities of the heat exchanger. To achieve optimal
performance and cost-effectiveness, the Taguchi orthogonal
array methodology has gained popularity as an experimental
design technique. By employing this method, researchers can
efficiently evaluate various design parameters and their
interactions, leading to an optimized configuration of the
doubly helically coiled heat exchanger with hybrid nanofluids.
Moreover, this review also delves into the incorporation of
computational fluid dynamics (CFD) analysis, which provides
valuable insights into the fluid flow patterns, heat transfer
characteristics, and pressure distributions within the heat
exchanger. CFD simulations aid in fine-tuning the design
parameters and predicting the overall performance of the heat
exchanger under different operating conditions. Thermal
analysis is another crucial aspect covered in this review,
focusing on the evaluation of heat transfer rates, heat flux
distributions, and temperature profiles in the heat exchanger.
Experimental and numerical investigations have been
conducted to validate the predicted thermal performance and
to ensure the reliability of the proposed designs. In conclusion,
this review paper presents a comprehensive overview of the
integration of doubly helically coiled heat exchangers, hybrid
nanofluids, Taguchi orthogonal array, CFD analysis, and
thermal analysis. The synergistic combination of these

techniques offers promising avenues for the development of
highly efficient and compact heat exchangers, making
significant contributions to diverse industrial applications
with improved energy efficiency and environmental
sustainability.
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1.INTRODUCTION

Heat exchangers are vital components in a wide range of
industrial applications, where efficient heat transfer plays a
critical role in achieving optimal performance and energy
conservation. In recent years, researchers and engineers
have focused on exploring innovative approaches to enhance
the heat transfer efficiency of heat exchangers and minimize
energy consumption. This review paper presents an in-depth
analysis of the advancements in heat exchanger design, with
a specific focus on the integration of doubly helically coiled
heat exchangers, hybrid nanofluids, Taguchi orthogonal
array, and computational fluid dynamics (CFD) analysis,
combined with thermal analysis. Traditional heat exchanger
designs have seen significant improvements through
advancements in materials and manufacturing techniques,
leading to higher thermal efficiencies and reduced size.
However, the increasing demand for higher efficiency and
performance has driven the exploration of unconventional
geometries, such as doubly helically coiled heat exchangers.
These innovative designs offer several advantages over
conventional configurations, including increased heat
transfer rates, reduced pressure drop, and compactness,
making them attractive options for various industrial
processes. Hybrid nanofluids have emerged as promising
heat transfer fluids, consisting of nanoparticles dispersed in
conventional heat transfer fluids. These nanoparticles alter
the fluid properties, such as thermal conductivity and
specific heat, resulting in improved heat transfer rates
compared to traditional fluids. The incorporation of hybrid
nanofluids in heat exchangers presents a significant
opportunity to enhance their overall thermal performance
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and energy efficiency. To achieve an optimized design of
doubly helically coiled heat exchangers with hybrid
nanofluids, the Taguchi orthogonal array methodology has
gained prominence. This experimental design technique
enables researchers to systematically vary multiple design
parameters and analyze their effects on heat exchanger
performance. The Taguchi approach offers a robust and
efficient way to identify the optimal combination of design
factors and levels, leading to improved heat transfer
characteristics and cost-effective designs. Additionally, the
integration of computational fluid dynamics (CFD) analysis
has revolutionized the heat exchanger design process. CFD
simulations provide valuable insights into the fluid flow
patterns, temperature distributions, and heat transfer rates
within the heat exchanger, aiding in the evaluation of various
design configurations and optimization of the thermal
performance. This review paper also emphasizes the
significance of thermal analysis in validating the predicted
heat exchanger performance. Experimental investigations
and numerical simulations play a crucial role in ensuring the
reliability and accuracy of the proposed designs, helping
engineers and researchers to validate their findings and
understand the thermal behavior under different operating
conditions. In conclusion, this review paper provides a
comprehensive overview of the latest advancements in heat
exchanger design, focusing on the integration of doubly
helically coiled heat exchangers, hybrid nanofluids, Taguchi
orthogonal array, CFD analysis, and thermal analysis. By
combining these techniques, engineers and researchers can
unlock the potential for highly efficient and compact heat
exchangers, contributing to improved energy efficiency and
environmental sustainability in various industrial sectors.

2. LITERATURE SURVEY

The emergence of several novel paradigms for the use of
high-performance heat exchangers, such as novel materials,
novel models, and so forth, was encouraged by the
development of energy solicitations [1-4]. Shell and tube
heat exchangers (HEs) are commonly used at the moment.
used in all power plants, and thermoelectric devices have
been the subject of extensive research for their improved
thermo-hydraulic performance. The Additionally reported as
a contributing factor to the thermal performance of the heat
exchangers is improved. Due to their effectiveness,
nanoparticles are also extensively used in several sectors [5-
8]. Bi et al.'s [9] analysis of the solar air conditioning
system's efficiency was their main concern. Their research
helped to demonstrate the idea that the supplied solar air
conditioning system with the 3P accumulator could provide
buildings with cooling day and night. The energy portion
may reach approximately 83%, while the mean efficiency of
the examined HE in their work was roughly 68%. Their
economic analysis found that the proposed solar air
conditioning system with a few 3P accumulators was
satisfactory. In order to achieve heat imprisonment,
Fathabadi [10] presented a unique low-cost HE that used

some stainless steel 2-phase closed thermosiphon (TPCT)
heat pipes, condensation parts, and evaporation composites.
The suggested HE was built, and operational data from the
created heat exchanger provided relative empirical
measurements. Elakhdar et al.'s investigation of combined
Organic Rankine cycles for ejector refrigeration power
generation and heating system by implementing a HE was
the main emphasis of their work [11]. The performance of
the HE was then evaluated in light of the taken into account
meteorological information as well as concentrator-related
characteristics. The proposed combined cycle simulation
programmed was informed with the hourly data of their
probed model for the thermal HE. An experimental
examination was carried out by Heyhat et al. [12] with a
focus on the effects of applying metal foam, nanofluid, as well
as their combination on the HE's heat transmission
properties. The metal foam and the nanofluid were
demonstrated to be credible HEs. As a result, volumetric HEs
may be used to probe water-based CuO nanofluid at various
nanoparticle volume fractions, as was previously done.
Instead, copper metal's foam with a 95% porosity was used
as a volumetric absorber. They discovered that the
aforementioned techniques could increase HE's thermal
efficiency by roughly 48%. By using tubular, HE that was still
powered by a HE, Elashmawy and Alshammari [13] studied
atmospheric water collecting from various areas with low
humidity. The considered anticipated expedient resulted in
anincrease in HE production and efficiency of 82 and 265%,
respectively. Thirunavukkarasu and Cheralathan's [14]
experimental work on energy and energy efficiencies of a
few spiral tube receivers for a HE was their main emphasis.
Their research showed that their unique case-less weight
may be used with HE for a variety of process heating
applications at a cheap cost. The effects of applying dust
accumulation on a HE cleaning factor were also investigated
by Wu et al. [15]. M. Salem Ahmed et al. [16] The
performance of a vapor compression refrigeration system
using nanofluids (Al203, TiO2, and a hybrid of A1203/Ti02)
in a chilled water air conditioning unit was experimentally
investigated. The experimental results showed that the
nanofluid with Al203/H20 had a higher coefficient of
performance and a lower elapsed time for cooling the fluid
compared to TiO2/H20, with lower compression ratio and
higher refrigeration effect. Ashraf Mimi Elsaid et al. [17]
Different categories of commercial products are used as
coolants for automobile radiators based on climatic zones,
but there is limited data on their thermal performance. A
study was conducted in Cairo, Egypt to optimize the design
of vehicle radiators under hot arid climate conditions.
Parameters such as nanoparticle concentrations, fluid type,
and mass flow rate were examined. Abdalla Gomaa et. al.
[18] - Energy conservation has become a major focus for
researchers due to the scarcity of energy. Heat transfer
enhancement techniques can improve the overall thermal
performance of heat exchangers, leading to energy savings
and reduced operational costs. Various techniques, such as
active methods requiring external power and passive
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methods using special geometries or additives, have been
developed to enhance heat transfer. Ashraf Mimi Elsaid et al.
[19] In hot weather, the performance attributes of the
refrigeration cycles associated with cooling towers drop
pointedly, and thus, the energy consumption excesses in
addition to more troubles start to occur. Improve the cooling
tower performance before the cooled fluid enters the
condenser of the vapor compression air conditioning system
(VCACS) can enhance the refrigeration cycle performance,
lowering operating and maintenance cost, conserve the
environment, and consequently save consumed energy.
Ashkan Alimoradi et. al. [20] The study investigates the
exergy efficiency of forced convection heat transfer in shell
and helical coiled tube heat exchangers, finding that
efficiency decreases with increasing fluids temperature
difference, and develops a correlation to predict efficiency
based on various parameters, concluding that coils with
more turns and smaller diameter are more efficient.

3. DESIGN OF EXPERIMENT

Design of Experiments (DOE) is a systematic and efficient
approach used by scientists and engineers to study and
optimize processes or systems. DOE involves planning,
conducting, and analyzing carefully designed experiments to
gather data and make informed decisions. It is widely used in
various fields, including manufacturing, engineering,
pharmaceuticals, and product development.

There are different types of DOE designs, but two primary
categories are full factorial design and fractional factorial
design. Let's explore both along with Taguchi orthogonal
array.

3.1. Full Factorial Design:

In a full factorial design, all possible combinations of the
factors and their levels are investigated. Factors are the
independent variables that can influence the outcome, while
levels are the different settings or values for each factor. The
main advantage of a full factorial design is that it provides a
complete understanding of how each factor affects the
response and their interactions.

For example, suppose we have two factors, A (with levels A1
and A2) and B (with levels B1 and B2). In a full factorial
design, we would conduct experiments for all four
combinations: A1B1, A1B2, A2B1, and A2B2.

The number of experiments required in a full factorial design
increases exponentially with the number of factors and their
levels. While it provides comprehensive information, it can
become impractical for experiments with a large number of
factors or levels.

3.2. Fractional Factorial Design:

Fractional factorial design is a more efficient approach that
reduces the number of experiments needed while still
capturing the essential information about main effects and
certain interactions. It allows experimenters to study a
fraction of the full factorial design matrix by selecting a
carefully balanced subset of the factor combinations.

The key idea is to identify the most critical factors and
interactions while ignoring others. Fractional factorial
designs use mathematical principles to determine the subset
of factor combinations that provide useful information. The
fraction is represented by a notation such as 1/2,1/4, 1/8,
etc.

For example, using the same factors A and B as before,a 1/2
fractional factorial design would require only two
experiments: A1B1 and A2B2. It disregards the other two
combinations since their effects can be estimated based on
the selected ones.

4. TAGUCHI ORTHOGONAL ARRAY

Taguchi orthogonal arrays are a specific type of fractional
factorial design introduced by Genichi Taguchi. The main
advantage of Taguchi designs is that they provide robustness
to noise factors or uncontrollable variations. These designs
are carefully constructed to ensure that each factor is tested
an equal number of times and that the interactions are
balanced.

Taguchi orthogonal arrays are particularly useful when the
experimenter wants to optimize a system's performance in
the presence of various sources of variation. The orthogonal
nature of the array helps in efficiently estimating the main
effects and interactions while keeping the number of
experiments low.

In summary, the choice between full factorial and fractional
factorial designs depends on the objectives, resources, and
complexity of the experiment. Full factorial designs provide
complete information but may be impractical for large
experiments, while fractional factorial designs, especially
Taguchi orthogonal arrays, offer efficiency and robustness to
noise factors in a reduced number of experiments.

Taguchi orthogonal arrays are a specific set of experimental
designs that have been carefully constructed to provide
efficient estimations of main effects and interactions. The
arrays are denoted by L_{n}(m), where 'n' represents the
number of factors being studied, and 'm' represents the
number of levels for each factor.

Here are a few examples of Taguchi orthogonal arrays for
different numbers of factors (n) and levels (m):

© 2023,IRJET | ImpactFactor value: 8.226

IS0 9001:2008 Certified Journal | Page 366


https://typeset.io/authors/ashraf-mimi-elsaid-4hzrx34lca

’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 10 Issue: 11 | Nov 2023

www.irjet.net

p-ISSN: 2395-0072

4.1. L4(2): This is basic orthogonal array for four factors,
each with two levels.

Factor1l Factor2 Factor3 Factor4
1 1

1 1 2 2

1 2 1 2

1 2 2 1

2 1 1 2

2 1 2 1

2 2 1 1

2 2 2 2

4.2. L8(2): An orthogonal array for eight factors, each with
two levels.

Fact Fact Fact Fact Fact Fact Fact Fact
orl or2 or3 or4 or5 or6 or7 or8

N INvM M NN IN N R RRIRIR]R|R
NN NN R R RPN N[ R|R|R
NN R RIMNINMNRIRIMNNRIRINND[R|R
NN R R R[RPIMN|R|[RMIMN N[N~ |R
N R, |INR[MRIN R[NP R[N
RN RPINMN|RINMNR|IMN RPN RPN N]R, N
N R RN NR RPN R R NMN[N| R
N R, R[NP R[N R[RPIMN R[N R

5. CFD FLUENT

In Computational Fluid Dynamics (CFD) Fluent analysis,
mathematical models are used to describe the physical
processes and phenomena that occur in fluid flow. These
models are represented by partial differential equations
(PDEs) and algebraic equations, which are then solved

numerically using iterative methods. Some of the key
mathematical models used in Fluent analysis are as follows:

5.1. Conservation of Mass (Continuity Equation):

The continuity equation represents the conservation of mass
in a fluid flow and is given by:

V-(p*V)=0

where Vis the divergence operator, p is the fluid density, and
V is the velocity vector.

5.2. Conservation of Momentum (Navier-Stokes
Equations):

The Navier-Stokes equations represent the conservation of
momentum in a fluid flow and are given by:

p*(dV/ot+V-VV)=-VP+V.1+p*g

where dV/dt is the time derivative of velocity, P is the
pressure, T is the viscous stress tensor, and g is the
gravitational acceleration.

5.3. Conservation of Energy (Energy Equation):

The energy equation represents the conservation of energy
in a fluid flow and is given by:

p*(8e/dt+V-Ve)=-V-(P*V)+V-(k*VT)+Q

where de/dt is the time derivative of internal energy, e is the
internal energy per unit mass, k is the thermal conductivity,
T is the temperature, and Q represents any heat sources or
sinks.

5.4. Turbulence Models:

Turbulence models are used to represent the effects of
turbulence in fluid flow, as resolving turbulence directly
requires very fine computational grids. Common turbulence
models include the Reynolds-Averaged Navier-Stokes
(RANS) models, such as k-¢, k-w, and Spalart-Allmaras
models. Large Eddy Simulation (LES) and Direct Numerical
Simulation (DNS) are used for more accurate turbulence
simulations but are computationally more expensive.

5.5. Boundary Conditions:

Various boundary conditions are used to simulate the
interactions between the fluid flow and solid boundaries.
Common boundary conditions include no-slip walls, velocity
inlets, pressure outlets, symmetry, and periodic boundaries.

5.6. Transport Equations for Additional Variables:

In many CFD simulations, additional variables such as
species concentrations, turbulence variables (k and ¢€), and
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scalar quantities (e.g., temperature, density) may be solved
using transport equations specific to each variable.

These mathematical models, along with appropriate
boundary and initial conditions, form the basis for
simulating and analyzing fluid flow phenomena using Fluent
or other CFD software. The solutions to these equations
provide insights into the behavior of fluid flows, heat
transfer, and other relevant phenomena in various
engineering applications.

6. CONCLUSION

In this review paper, we investigated the performance of
helically coiled heat exchangers using nanofluids through the
application of Computational Fluid Dynamics (CFD) and
Taguchi orthogonal array. The objective was to analyze and
optimize the heat transfer characteristics of the heat
exchanger system with the incorporation of nanoparticles
into the base fluid.

The utilization of nanofluids as the working medium in heat
exchangers has shown promising results in enhancing heat
transfer rates, and our study reinforces this observation.
Through the implementation of CFD simulations, we were
able to gain a deeper understanding of the fluid flow and
heat transfer behavior within the helically coiled heat
exchanger. The CFD results provided valuable insights into
the temperature distribution, pressure drop, and velocity
profiles, facilitating a comprehensive evaluation of the heat
exchanger's performance.

By employing the Taguchi orthogonal array method, we
efficiently designed experiments and obtained a reduced set
of simulation runs to analyze the effects of various factors on
heat transfer enhancement. This approach allowed us to
identify the most significant factors influencing the
performance of the helically coiled heat exchanger with
nanofluids. Additionally, the Taguchi method helped to
optimize the design parameters, ensuring improved thermal
efficiency and economical use of computational resources.

In conclusion, this review paper demonstrates the potential
of helically coiled heat exchangers with nanofluids as a
viable and efficient solution for various heat transfer
applications. The combination of CFD simulations and
Taguchi orthogonal array provided a robust and systematic
approach to understand, analyze, and optimize the heat
transfer performance of the system. As nanofluids continue
to gain prominence in heat exchanger design, the insights
from this study can serve as a valuable reference for
researchers and engineers seeking to enhance the thermal
efficiency of their heat exchanger systems. However, it is
important to note that further experimental validations and
long-term studies are essential to ensure the practical
implementation and reliability of helically coiled heat
exchangers with nanofluids in real-world applications.
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