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About the Book

This book is a comprehensive guide to the field of thermal engineering, covering key concepts
such as heat flow enhancement techniques, heat exchangers, heat-powered cooling systems, and
thermal fluid management. The book begins with an introduction to the basics of thermal energy
and the principles of heat transfer, including conduction, convection, and radiation. It then
delves into the design and operation of heat exchangers, including different types and their

applications.

This book is suitable for engineers, students, and professionals working in or interested in the
field of thermal engineering. It provides a thorough understanding of the key concepts and
principles of thermal engineering, as well as practical guidance on the design and operation of
thermal systems. With its clear and concise writing style, this book is an essential resource for

anyone seeking to deepen their knowledge of thermal engineering.



Preface

Thermal engineering is a branch of engineering that deals with the generation, use,
conversion, and exchange of thermal energy. It plays a vital role in a wide range of industries,

from power generation and transportation to refrigeration and air conditioning.

One important aspect of thermal engineering is the enhancement of heat flow, which can be
achieved through various techniques such as conduction, convection, and radiation. Another key
area is the design and operation of heat exchangers, which are used to transfer heat between

fluids or gases with different temperatures.

Heat-powered cooling systems, such as absorption refrigerators, use waste heat as a source
of energy to drive the cooling process. These systems have the potential to significantly reduce

energy consumption in a variety of applications.

Proper thermal fluid management is also crucial in many thermal engineering systems. This
includes the selection and handling of the appropriate thermal fluid, as well as the design and
maintenance of the system to ensure efficient heat transfer.

This book aims to provide a comprehensive overview of these and other key concepts in
thermal engineering, including the latest advancements and developments in the field. It is
intended for engineers, students, and professionals working in or interested in the field of
thermal engineering. The use of waste heat as a source of energy in heat-powered cooling
systems, such as absorption refrigerators, and the importance of proper thermal fluid
management in ensuring efficient heat transfer in various systems is also discusses. In addition,

the book covers the latest advancements and developments in the field of thermal engineering.

(ISBN: 978-81-955340-8-1)
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A Review of Heat Flow Control and

Enhancement Techniques
Mr. Shailesh Singh Thakur”

!Assistant Professor, Mechanical Engineering Department, Kalinga University, Raipur

Abstract

Most nanoelectronic systems have serious problems with heat dissipation and thermal management,
which are important hurdles in many scientific and technological fields. Experimental improvements in
thermal characterisation and phonon engineering have greatly improved our knowledge of heat transport
and shown us effective techniques to regulate its propagation in nanomaterials; these are the topics we
discuss in this review. We provide a comprehensive overview of the most recent phonon engineering
techniques for 2D materials and semiconductor nanostructures, such as graphene and transition metal
dichalcogenides, and their potential device applications. Then, we explore the fundamental difficulties
and limits of thermal characterization approaches while reviewing the most recent developments in this
field.

Keywords: Heat transfer, Thermal management, Thermal transport.

Introduction

For our purposes, heat transfer is defined as the movement of heat from one place to another as a result
of a temperature gradient. Exchanging mass, momentum and energy via radiation, convection and
conduction are all aspects of transport processes that scientists research. If you want a faster pace at
which heat is dissipated, you may use a method called HT enhancement. As can be seen in Figure 1, we
may further categorise these methods into two groups: active and passive. Adding extended surfaces,
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increasing thermal conductivity, and altering the surface or geometry of the flow channel through the
use of inserts or other devices are all examples of passive enhancement methods, while ultrasonic
enhancement and electrohydrodynamic are examples of active enhancement methods, as shown in
Figure 1. In this article, we will be looking at passive methods of improving heat transport. Using
expanded surfaces in manufacturing requires more room for the thermal setup and also increases the
amount of surface area being heated or cooled. When compared to more traditional methods, increasing
thermal conductivity via boiling heat transfer stands out as one of the most effective solutions. When
water boils, it undergoes a phase transition from the liquid to the gaseous state through convection and
radiation rather than pure conduction. Boiling occurs when a surface's saturation temperature is higher
than that of the liquid it's in contact with. Figure 2 depicts the boiling curve, which explains this
phenomenon. The production of steam, distillation, refining, dehydrating, cooling of nuclear reactors,
fluid handling, metallurgical processing, air conditioning, refrigeration and cryogenics, and control,
electronics cooling, power systems, on-orbit storage, microchip cooling, space systems, chemical
process industries, thermal management, food processing, health care processes, etc. are all examples of
industrial applications of boiling. In order to determine the rate of heat transfer or heat flux during
boiling:

=S

j== = h-AT, [w-m 2]

where h = HT Coefficient (W/(m?-K), A = Area (m?), AT. = Excess Temperature = Tsyrface— T saturation,
Ts = Surface Temperature, and Ts.: = Saturation Temperature of Liquid.
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Figure 2. Boiling regimes

All the different phases and boiling regimes are shown in Figure 2. Natural convection boiling, seen
as the first zone in Figure 2, occurs when liquid close to the surface is somewhat superheated. Boiling
happens in a very shallow layer just below the liquid's surface. Evaporation takes place at the liquid-
vapor interface, where the superheated liquid rises. The free convection effect is the primary factor in
fluid motion. Heat transfer improves with rising excess temperature.

Background, enhancement strategies, and prior research are discussed with a description of HT
enhancement methods for both flat and curved surfaces. In addition, we provide a qualitative evaluation
of the present literature by outlining our quantitative knowledge of boiling heat transfer and referencing
many other numerical concepts on the topic.

Nucleate boiling, seen by the area on the curve from A to C in Figure 2, occurs when the liquid is
heated beyond its saturation temperature, producing bubbles of vapour at specific locations known as
active sites. Rather from reaching the liquid-vapor barrier, these bubbles instead condense into liquid.
Eventually, the pressure, temperature and surface tension all combine to cause the bubbles to swell. The
rate at which bubbles develop and ascend to the surface of the liquid, resulting in fast evaporation,
increases as Te increases. Due to the production of bubbles, the liquid undergoes agitation, which in turn
leads to mixing and an increase in heat flow as well as the boiling heat transfer coefficient.

The boiling in the third zone of Figure 2 occurs between the partial nucleate boiling and the unstable
film boiling. A bubble blanket is used to prevent any new liquid from entering the area where it will be
heated. The surface is covered in a layer of vapour as bubbles develop (active sites). When the thermal
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conductivity of a substance drops, the rate at which heat is transferred to its surroundings falls, and the
value of Kliquid exceeds that of Kvapour.

Film boiling, the fourth zone in Figure 2, is when the vapour film is stabilised, active sites are covered
by vapour blankets and heat flow is at its minimum. Then, radiation kicks in, and the heat flow increases
dramatically.

Experimentally, we want to investigate nucleate boiling, a phenomenon in which heat flow increases
with increasing excess temperature and to apply additional enhancing methods, such as surface
and geometrical alterations, to the same boiling regime.

e Influence of Ultrasound on Heat Transfer

The first investigations on the use of ultrasonic vibrations to increase heat transfer date back to the
1960s. The findings of these early investigations were often intriguing but ultimately unpromising,
preventing them from inspiring further investigation. During that period, a plethora of new methods have
likely been invented (e.g., channel size reduction). Thus, it was mostly ignored until the 1990s, when the
trend toward creating ever-more-efficient technologies for energy management revived interest in the
field. Figure 4's suggested graph displays the total number of articles that discuss the use of ultrasound
to improve heat transmission.
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Figure 4: Evolution of the number of published papers per decade dealing with heat transfer
enhancement by ultrasound.

e Thermal Conduction in Semiconductor Nanostructures and 2D Materials

Lattice waves, also known as phonons, are the primary heat conductors in semiconductors and
insulators. For atoms or molecules in a lattice, vibrational energy is quantized into modes known as
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phonons. Taking into account that phonons are pseudo-particles, we may assign them the energy (where
is the reduced Planck’s constant = h/(2) and is the angular frequency) and the pseudo-momentum p = q
(where q is the wavevector), both of which follow Bose-Einstein statistics. A dispersion relation, or the
connection between the phonon frequency and its wavevector, may be used to describe the wavelength
dependence of the phonon energy. A curve in the dispersion relation, the slope of which gives us the
phonon group velocity, is a useful tool for this purpose.

Thermal conductivity is a measure of a material's heat-transfer capabilities. It's crucial to the
development and functionality of modern technological gadgets. Three primary frequency-dependent
parameters—specific heat (CV), phonon group velocity (vg), and phonon mean free path (A)—are
needed for the calculation of thermal conductivity (k) in semiconductor material. Last but not least, the
kinetic theory of gases provides an equation for thermal conductivity: k = CVvg.

Knowing the mean free path = vg/, where is the effective or total phonon lifespan, is crucial for
calculating k. When all scattering mechanisms are treated as independent, Matthiessen's rule may be
used to estimate. Phonon-phonon scattering (ppS), impurity scattering (1), and border scattering (B) are
the primary factors that restrict the phonon lifespan. Due to dimensionality constriction, low-dimensional
materials have different heat transport characteristics, and the latter effect is more prominent. Phonon
engineering's potential to fine-tune low-dimensional materials' thermal conductivity is exciting and
might lead to a number of significant advances (e.g., high figure of merit, improved energy efficiency).

e Semiconductor Nanostructures

The phonon group velocity, polarisation, and density of states, among other acoustic phonon
parameters, are all directly affected by changes to the dispersion relation in nanostructures. These are
often produced by periodic boundary conditions and may be created in free-standing nanowires (NWs)
and thin films (PnCs). Both conventional size effects and phonon confinement effects may be thought to
contribute to the theoretical reduction of heat transfer in such nanostructures. When the typical
dimensions of the nanostructures are on par with the phonon MFP, a first effect manifests itself strongly;
this effect is associated with enhanced phonon-boundary scattering. Group velocity, phonon density of
states and phonon lifespan are all affected by the nanostructure's dimensions, which must be on the same
order as or lower than the phonon wavelength for phonon confinement or coherence effects to become
apparent and influence dispersion branches. Phonon confinement has an almost indiscernible effect on
heat transport at ambient temperature. On the other hand, it is the diffuse dispersion of phonons at the
borders that is primarily responsible for the reduction in thermal conductivity. The phonon
confinement effect has been proposed in various publications as a means to regulate heat transfer, despite
the fact that this process has already been extensively investigated and used.

Only with the help of superlattices has it been possible to study the effect of phonon confinement on
heat transport at room temperature. However, the discovery of confinement effects is often constrained
by the fact that nanofabrication procedures yield nanostructures with length scales longer than the
phonon wavelength of the major heat carriers (at room temperature 5 nm). The issue may be solved by
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cooling to cryogenic temperatures (T 10 K). Here, we discuss recent experimental experiments that have
shown how to effectively regulate heat transfer in semiconductor nanostructures.

Literature Review

(Dede et al., 2018)This article provides a concise overview of thermal metamaterials and how they
are used in electronics. Anisotropic thermal conductivity is a key feature of the thermal metamaterial
systems that have recently undergone extensive study and development for the purpose of controlling
heat flow in ultra-thin composites. Following is a description of some of the basic experimental research
conducted on the regulation of heat flow with conventional printed circuit board technology. This leads
to a discussion of the fundamentals of heat flux cloaking, focussing, and reversing, with an emphasis on
their generalisation to a range of electronics-related contexts.

(Javvadi et al., 2020)Despite much theoretical and experimental study, scientists still don't fully
understand its complicated operating mechanism, which involves a coupling effect between
hydrodynamics and thermodynamics. The report provides a high-level overview of the thermo-hydro
dynamic features of this apparatus. This article will provide a quick overview of tube cross-section,
working fluid volume, and internal diameter.

(Meena et al., 2022)When compared to alternative convection or conduction mechanisms of HT
augmentation, boiling offers the ability to reduce energy losses from HT devices. The goal of this review
paper was to examine the literature on methods for improving boiling heat transfer during the last several
decades.

(Medapati & Gundra, 2021)A well-designed heat exchanger and supporting heat transfer network can
have a significant impact on an organization's bottom line by lowering operating expenses and making
more efficient use of resources. This paper compares the efficiency of double-pipe heat exchangers with
and without inner pipes that are triangular, hexagonal, or octagonal in shape.

(Sahu, 2015)While saving money is its major function, it also safeguards workers by allowing for
more precise regulation of process temperatures. Condensation and the resultant corrosion are avoided
on cool surfaces. The critical radius of insulation, which we determined to be the point at which heat loss
is greatest, was also investigated.

(Banerjee, 2021)Accurately determining structural member temperatures when the members are
subjected to an actual fire is crucial for carrying out a performance-based approach to structural design
for fire. Accurately determining the temporal and geographical change of temperatures is necessary for
assessing the fire resistance of structural elements such as structural steels and concrete.

(El Sachat et al., 2021)Experimental improvements in thermal characterisation and phonon
engineering have greatly improved our knowledge of heat transport and shown us effective techniques
to regulate its propagation in nanomaterials; these are the topics we discuss in this review.
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(Legay et al., 2011)A literature study is conducted, with a focus on cases where ultrasonic technology
was employed in conjunction with a traditional heat transfer procedure to improve its effectiveness.
Ultrasound is used in multiple industrial applications not just to improve process efficiency but also to
capitalise on a number of secondary phenomena.

(Naje & Hasan, 2022)The vertical face up was discussed as well, along with the process of locating
the heat source in the vertical channel. Devices that employ convective heat flow transfer with the
inner body in a vertical channel include heat exchangers, nuclear reactors, fuel elements, heat dissipation
in electronic circuits, and cooling towers.

(Nikose et al., 2021)Heat exchangers should be made smaller and lighter while also having their
transfer rates increased. Work on the warm display is accomplished using blade and cylinder heat
exchangers facing in a variety of directions. We hope that this poll will help us understand the impact of
all of the above constraints on the development of thermal performance.

Conclusion

Several research have looked at the possibility of using passive approaches to improve heat transfer
rates for structured surfaces. Discrete and continuous nucleation sites have both been tested
experimentally, but more work is required to fully understand the nucleation site interactions. Studies of
boiling over a cylinder have been limited since the majority of structured surfaces are flat. More research
on bubble formation, growth, and ejection is required for cylinders with radii less than the departure
radius and for cylinders of huge sizes.

Important thermal metamaterial building block architectures for hiding, concentrating, and reversing
heat flow were emphasised. Anisotropic thermal-composite metamaterials were discussed from the
standpoint of their potential applications in heat shielding, thermal energy harvesting, and the
construction of electro-thermal power conversion circuits. With these three uses, the printed circuit board
was considered the macro level. Aside from that, several ideas were presented on how thermal steering
structures may be used at the micro-to-nano size of devices, as they have been described in the literature.
The concept of thermal metamaterials provides the basis for these thermal guiding structures, and it is
anticipated that the principles of heat flow control will become pervasive in next-generation
power converters, computers, and sensors, where electrical, optical and thermal function will be tightly
integrated.
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Abstract

In today's society, conserving energy is of paramount importance, and a heat exchanger is a great tool
for doing just that. When it comes to processes like distillation, dissolution, crystallisation, fermentation,
etc., a heat exchanger is obviously the most crucial part of the apparatus. Therefore, it is crucial in these
process sectors to choose the right heat exchanger. Due to its small size and effective heat transmission,
spiral heat exchangers have earned a stellar reputation. Since the fluids are moving in opposite directions,
the heat exchanger may bring the temperatures of the two media it's working with quite near together.
Spiral heat exchangers may be useful for a wide variety of fluids, including those that include particles
or fibres, slurries, mixes with inert gases, waste water, cooling and heat recovery fluids, vapour/liquid
condenser fluids, and vacuum condenser fluids with inert gases.

Keywords: Heat Exchanger, Heat Recovery, Sondenser fluids.

Introduction

An apparatus designed specifically to facilitate the transmission of heat from one medium to another
is called a heat exchanger. A full wall separates the two mediums so that they can't interact with one
another. Chemical and petrochemical factories, refineries, and wastewater treatment facilities all employ
them. A wall dividing the routes of the hot and cold fluids is the simplest kind of heat exchanger. Many
variables, including fluid flow, heat transfer area, thermal conductivity of the dividing wall, and so on,
affect the total quantity of heat transmitted. Heat exchangers may be broken down into three broad

“I1SBN No. 978-81-955340-8-1
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categories based on the way in which heat is transferred. In a heat exchanger with a co-current or parallel
flow, the fluids move in the same direction. In a heat exchanger with a counter-current or counter-flow,
the two fluids move in the opposite direction. In a heat exchanger with a cross current, also called a cross
flow, the two fluids move in directions that are nearly perpendicular to one another.

Heat exchangers may be broken down into three distinct groups based on the way in which heat is
transferred. Similar to a parallel-flow heat exchanger, both fluids enter the device from the same end and
travel in parallel to the other end. "Counter-flow" systems refer to heat exchangers that receive fluids
from opposite directions. Due to the larger average temperature differential over any given unit of length,
more heat may be transmitted from the heat (transfer) medium in the counter current setup. Consider the
opposite current exchange. The fluids in a cross flow heat exchanger move at an inclination of about 90
degrees to one another as they pass through the exchanger.

Basic Types of Heat Exchangers

Multiple heat exchanger models have been proposed throughout the years, with modifications to the
Conventional designs made to increase the heat transfer area, the heat transfer coefficient, and the
viability of the designs from a financial standpoint. Traditional examples include the following:

1. Shell and Tube Heat Exchanger: The structure consists of a shell with a number of tubes
within, all of which are sandwiched between two tube sheets. Used mostly for chilling
hydraulic fluids, reboiler water, etc.

2. Plate Heat Exchanger: This is constructed from a series of interlocking square plates and
supporting frames. The fluids may flow in four separate but interconnected channels via
perforations in the four corners. It has extensive use in the petrochemical, medicinal, and
culinary sectors.

3. Double Pipe Heat Exchanger: This model consists of only two pipes that are arranged in a
circle, and as such, it is rather simple. The inner pipe carries one fluid, while the outer pipe
carries another via an annulus between the two. It can replace plate heat exchangers, but it's
usually not a better solution because of the extra space it requires. In order to determine which
Heat Exchanger model is appropriate, you must know the fluid type, operational temperature
range, available floor space, and desired flow rate. Whenever possible, designers of heat
exchangers strive to maximise the area of heat transfer and the heat transfer coefficients across
the operating temperature range. Heat transmission areas may be increased with the use of
fins or corrugated plates. Baffles are installed to generate turbulence and raise the heat transfer
coefficient. All of these considerations go into making the perfect Heat Exchanger for any
given task. The upkeep of a spiral heat exchanger is simple. In order to get access to the inside
of the heat exchanger, one need just open the side frame and move the hinges to reveal the
inside of the closed spirals. The heat exchanger's transmission region on one side is easily
accessible upon opening the side frame, allowing for cleaning without coming into touch with
the opposite side. Hinge mechanisms built into the side frame prevent the need for any kind
of lifting hardware. A space-saving option is the spiral heat exchanger. When compared to

10
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more conventional heat exchanger options, this design takes very little room to be installed.
This saves important manufacturing space and expenses(Tapre & Kaware, 2015).

Heat Transfer Characteristics in Coiled Tubes

For improved heat and mass transmission in a variety of industrial applications, including combustion
systems, heat exchangers, solar collectors and distillation operations, helical coiled tubes provide a
simple and efficient solution.

Figure 1. Secondary flow in a coiled tube.

Figure 1 shows how the atypical axial velocity distribution and secondary flow determine the heat
transfer properties of coiled tubes. The fluid trajectory takes the shape of a double coil as secondary flow
forms in the form of a pair of symmetrical vortices in the cross-section along the tube axis. So, the
Equation (1) gives us the average heat transfer coefficient for laminar flow in coiled tubes.

o ) Pr. 025
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L

where the fluid's Prandtl number is Prf and the water's Prandtl number is Prw; The Reynolds number,
Re, is measured in relation to the diameters of the tube (d) and the coil (Dcoil). Nu is the convective
heat transfer coefficient, L is the typical dimension (such as the diameter for pipes) and is the thermal
conductivity of the fluid; the Nusselt number is a dimensionless quantity characterising convective heat
transmission. The rate of convective heat transfer, measured in terms of the Nusselt number, to the heat
transfer achieved via pure conduction in a given volume of space. Using Pc as an example, the required
parameters of shell and tube HCHE are shown in Figure 2.

For turbulent flow in coiled tubes, the heat transfer coefficient has an asymmetrical distribution over
the tube's perimeter. Heat transfer from the inner to the outer generatrix may be responsible for the
observed non-uniformity due to inhomogeneity in flow velocity and temperature distributions. It has

11
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been shown that decreasing the ratio of the coil diameter to the tube diameter (Dcoil/d) improves heat
transport and results in a higher mean Nusselt number for coiled tubes compared to straight tubes.
Compact heat exchangers often made use of coiled tubes due to their superior heat transfer
coefficient and residence time distributions. Higher heat and mass transfer coefficients, narrow residence
time distributions, and a compact construction all contribute to the use of flow and helix coils in
heat exchangers and reactors.(Inyang & Uwa, 2022).
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Figure 2. Shell and tube helical coil heat exchanger.
Thermal Conductivity Enhancement in Nanofluids

Nanofluids have much better thermal conductivity than conventional suspensions. Nanofluids, as
compared to micrometer-sized suspensions, often provide many times greater thermal conductivity
improvement than the base fluid. Too far, water, ethylene glycol, transformer oil and toluene have all
served as base fluids. Ceramic nanoparticles, pure metallic nanoparticles, and carbon nanotubes are the
three main categories of nanoparticles in use (CNTSs). Various nanofluids may be created by combining
different types of particles with various fluids. In this investigation, however, they will be primarily
categorised according to particle type.

The ANL crew started their nanofluids research with ceramic varieties. In the first significant study
of its kind, researchers measured the conductivity of solutions containing nanoparticles of Al,Os and
CuO in water and ethylene glycol. The standard transient hot-wire (THW) technique was used to
determine the conductivity. Conclusions both Al,Os and CuO nanofluids showed significant increases in
thermal conductivity. Only 1-5% volume fractions were utilised. In cases where ethylene glycol served
as the basis fluid, the improvement was greater. At 4% CuO by volume, performance was improved by
20%. When water was used as the base fluid, the improvement was less pronounced but still sizable,

12
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coming in at 12% at 3.5% CuO and 10% at 4% Al-Os. In comparison to Maxwell's model for suspensions,
which was refined in 1962 to account for the impact of particle form, these results were very promising.
These models estimate the effective thermal conductivity as a point-source-derived weighted average of
the conductivities of the solid and liquid phases. This is how the original Maxwell model went down in
history.(Das et al., 2006):

'ﬂ‘:::.‘j 3[‘:"..'?.-"'"!-'} — D
L..f {-kp."flﬂilj + 2] — [’k]l:llllrﬂ..ll — l::l(T}

whereas the Hamilton-Crosser model reads as

ﬁﬂ_kf, Fin— Dky —(n— Diplhky — k)
ke kpd(n— Dk + Glky — k)

The Rationale Behind Nanofluids

The thermal conductivity of all liquid coolants utilised today as heat transfer fluids is quite poor, as
shown by a study of thermal properties (with the exception of liquid metal, which cannot be used at most
of the pertinent useful temperature ranges). Water, like engine coolants, lubricants, and organic coolants,
is around three orders of magnitude poorer at transmitting heat than copper. It goes without saying that
the thermal conductivity of the fluid will be a limiting factor in any attempts to boost heat transmission
by inducing turbulence, increasing surface area, etc. Efforts to improve the thermal conduction behaviour
of cooling fluids are therefore warranted. More than a century ago, the idea of using a suspension of
solids came to mind. Maxwell was an early innovator in this field by providing a theoretical foundation
for determining the effective thermal conductivity of suspension. Many more theoretical and
experimental experiments, including those by Hamilton-Crosser and Wasp, followed his pioneering
work. When it comes to estimating slurries' thermal conductivity, these models perform well. All of these
previous research efforts, however, focused only on the suspension of micro- to macro-sized particles,
despite the following significant drawbacks.

Literature Review

(Tabatabaeikia et al., 2014) Using various inserts and altering the heat exchanger tubes are two of the
most efficient techniques to increase the heat transfer rate of heat exchangers. Heat exchanger tubes may
use a variety of inserts, including ribs, fins, baffles, and winglets. This study provides a review of the
earliest research on optimising thermal system performance using inserts of various types. For whatever
reason, the louvred strip insert worked better when the flow was going in the other direction.

(Meena et al., 2022) In addition to its many uses in industrial refrigeration, boiling is a significant heat
transfer (HT) augmentation mode. When compared to alternative convection or conduction mechanisms
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of HT augmentation, boiling offers the ability to reduce energy losses from HT devices. The goal of this
review study was to examine the work done over the last several decades to improve boiling heat transfer.
In order to provide future researchers with some guidance, we set out to learn how nucleation sites affect
HT enhancement on flat and curved surfaces.

(Kamble et al., 2014) Improving heat transmission is a crucial topic that has attracted a lot of study.
Utilizing basic equations, applying standard correlations, or iteratively designing from experimental data
are all viable options for this kind of study. This is compounded by the fact that modelling even a single
stable phenomenon now requires knowledge of dynamics, system performance, optimization and
control. To get around this problem, researchers have begun using artificial neural networks (ANNS)
trained on experimental data to conduct heat transfer studies.

(Pardakhe et al., 2019) An example of a popular use of a heat exchanger is in the radiator of an internal
combustion engine, where hot air is circulated over coils to simultaneously warm the incoming air and
cool the engine coolant. One other kind of passive heat exchanger, the heat sink transfers thermal energy
from a mechanical or electronic device to a fluid medium, often air or even a liquid coolant. According
to their flow configuration, heat exchangers may be broken down into three broad categories. Both fluids
enter the heat exchanger from the same end and flow in parallel all the way to the other side, as in a
parallel-flow heat exchanger.

(Kumar, 2017) More studies are being conducted on the nanofluid forced convection heat transfer.
Experimental research on the heat transfer and pressure decrease of nanofluids by forced convection is
reviewed. Researchers have shown that using nanofluids in a helical coiled tube causes a little increase
in pressure decrease. To improve heat transmission at low particle concentration, nanofluids must be
used. More research under laminar and turbulent flow regions has shown a significant variation in
Nusselt number.

(Kelvin et al., 2019) Nanofluid heat transfer is poorly understood, there is a dearth of experimental
data, and there is no established framework for correlating the two. The task at hand will centre on
elucidating the underlying mechanisms at play, identifying the barriers to widespread adoption of
unconventional heat exchangers, and outlining the many ways in which nanotechnology might be used
to boost efficiency. The research looks at heat exchanger tests conducted over the last decade, the
information gap, and potential future uses of nanotechnology to enhance heat transmission. Recent
energy conversion systems have made use of several nanotechnologies, all of which are summarised
below.

(Zhang et al., 2019) Since its initial commercial use in the 1920s, plate heat exchangers have found
widespread use in a broad variety of industrial settings. Improving the system's economics by reducing
the capital investment required is only possible by increasing the thermal-hydraulic performance of plate
heat exchangers. Plate heat exchangers may be made more efficient by geometric optimization or by
using heat transfer improvement methods. With an emphasis on passive surface approaches and the use
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of nanofluids, this study presents a complete assessment of prior research on the impact of chevron
corrugation geometrical factors on the performance of plate heat exchangers.

(Das et al., 2006) As these technologies and associated equipment continue to miniaturise, speed up
their operations, and store more data, thermal management issues have become more pressing. The field
of optical devices is another significant area that has struggled with heat control. The use of lasers, high-
powered x-rays, and optical fibres is crucial to many modern technologies, including those used for
computers, scientific measurement, medicine, material  processing, material  synthesis and
communication. There has to be new innovations in cooling technologies for these devices because of
their growing power and shrinking size.

(Inyang & Uwa, 2022) When two or more fluids, solid surfaces, solid particulates, or fluids are in
thermal contact, heat may be transferred between them. The author has provided a short discussion of
helical coils in heat exchangers of many configurations, including a comparison between HCHEs and
straight-tube heat exchangers, as well as a discussion of the elements impacting the performance and
efficacy of helical coil heat exchangers, including the curvature ratio. The author demonstrated that the
HCHE outperformed straight tubes and conventional heat exchangers in terms of heat transfer efficiency
and performance because secondary flow developed inside the helical tube, and that the heat transfer
coefficient increased with an increase in the HCHE's curvature ratio at a given flow rate.

Conclusion

Several research have looked at passive methods for improving heat transfer rates on structured surfaces.
Numerous studies have been conducted on both continuous and discrete nucleation sites, but more
research is required to fully comprehend the interplay between these two types of sites. Research on
boiling over a cylinder is limited since most structured surfaces are flat rather than cylindrical. More
research on bubble formation, growth, and departure is required for cylinders with radii lower than the
radius of departure, as well as for cylinders of very large sizes.

Spiral plate heat exchangers have been the subject of extensive study by a wide range of researchers, all
of whom have come to the same conclusion. Maximum pressure drop and therefore minimum size were
the outcomes of Nez's study. Based on their findings, Kondhalkar and Kapatkat concluded that as the
Reynolds number rises, so does the heat transfer coefficient. Increasing the Reynolds number was shown
to virtually linearly increase the heat transfer rate. Research into the impacts of feed flow rate and coil
diameter found that raising the former led to a higher pressure drop while lowering the latter had the
opposite effect. For a Newtonian fluid in a steady condition, a relationship between the pressure drop and
the feed flow rate into Archimedean spiral tubes was derived.
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Abstract

Despite the widespread availability of industrial-scale, heat-driven absorption cooling systems, the
concept of a solar-powered chillers in air conditioning systems is only getting off the ground. It is not
practical to employ absorption chillers for domestic air conditioning since their efficiency is lower than
that of compression refrigeration systems, even when operating at smaller scales. In this study, we
investigate the viability of using a solar-powered ammonia-water absorption chiller for residential
cooling. An air-cooled ammonia-water absorption chiller with a 10 kW capacity that is powered by solar
thermal energy has been used to construct a thermodynamic model. In order to gauge how well this
cooling system performs at the domestic scale, energy and exergy assessments have been carried out.
Most of the exergy is lost in the absorber (63%), next in the generator (13%), and finally in the condenser
(11%), as determined by the analysis. As temperatures rise, exergy loss is greatest in the condenser and
absorber, drops little in the generator, and is least affected by temperature changes in the evaporator.

Keywords: Solar Absorption Chiller; Refrigiration; Cooling Systems; Heat Powered Absorption.

Introduction

Present energy supply and consumption are not sustainable from an economic, environmental, or
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social perspective, says the International Energy Agency. According to the International Institute of
Refrigeration, cooling and heating systems use around 15% of the world's total power production.
Moreover, air conditioners account for 45% of all energy used in homes. About 80% of the power
produced worldwide comes from fossil fuels, the main source of greenhouse gas emissions. As the global
average summer temperature rises by 2—4 degrees Celsius by the turn of the century, this is expected to
worsen. The need for air conditioning is expected to rise as a result of both climate change and rising
living standards, which will have a major impact on primary energy consumption. This is particularly
important to keep in mind in emerging nations, where a rising middle class has led to a spike in the
popularity of traditional air conditioning systems. Increases in population, air conditioning use, and
industrialization are driving up demand for electricity at a faster rate than supply can keep up with in
these nations. In India, for instance, the Central Electricity Authority reports that the country experiences
an annual average of 8% of peak demand in excess of its available electricity. Because of this, there are
frequent power outages throughout the summer, and they might linger for several hours. However, solar
energy is readily accessible throughout the year and provides a sustainable alternative power source in
many poor nations. Due to the abundance of solar energy, solar cooling technology may be a viable
option, especially for those who live in rural locations and have limited access to electricity.

Several waste-heat-driven cooling methods exist today, but most are designed for capacities of 50 kW
or more. In contrast, technology on a smaller scale (less than 10 kW) is still in its infancy and necessitates
inexpensive, low-maintenance solutions. Some businesses have made recent efforts to better absorption
chillers in the 50 kW to 5 kW power range. However, there aren't many chillers designed specifically for
use with solar thermal power, and those that do exist aren't suitable for use with smaller-scale cooling
needs. Research and development (R&D) is needed to design small-scale systems so that low-cost
systems may be developed, integrated with existing equipment, and optimised for operation in future
projects, says the International Energy Agency. Miniaturized machines with high COPs at mild engine
temperatures should be the focus of localised technological advancement.

Sorption cooling is the most prevalent approach for creating thermally activated cooling. Adsorption
is the process of using a solid to adhere or attach ions and molecules of another substance onto its surface,
whereas absorption is the integration of a substance in one state into another substance in a new phase
(for example, gas being absorbed by a liquid). Instead of using mechanical compression, sorption cooling
systems employ thermal compression on the refrigerant. The two most prevalent uses for these
innovations in central air conditioning systems are decentralised fan coilsand cooled ceilings.
Absorption systems that use air cooling might help save the outlay for cooling tower installations and
routine maintenance. This project aims to deliver air conditioning through a solar-powered, ecologically
friendly refrigerant-using air-cooled absorption refrigeration system.

Solar absorption refrigeration

In order to cool things down, solar refrigeration utilises a system that runs on solar energy. Solar
energy has the potential to revolutionise the global cooling and refrigeration industries by providing low-
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cost, environmentally friendly power. If Mediterranean nations, for instance, adopted a solar-powered
cooling system, they might cut their energy bills by half. The agriculture industry is another huge
beneficiary of solar energy. Irrigation systems may benefit from solar pumps. When conventional means
of crop preservation and storage are not possible, solar refrigeration may play a crucial role. In addition,
certain nations in sub-Saharan Africa with high solar potential may employ solar refrigeration to keep
vaccines and other medications at a more stable temperature; these systems can even be made mobile.
Desiccant gases like LiCl (lithium chloride) and LiBr (lithium bromide) or water are used in place of
toxic Freon gas, making solar refrigeration an increasingly viable cooling option. There are two primary
ways to accomplish cooling. The first is a solar energy system based on PV (Photovoltaic) technology,
which uses the sun's heat to generate electricity, which is then utilised to cool food in much the same
way as traditional cooling technigues do. The second makes use of solar thermal refrigeration, in which
the refrigerant is heated directly by a solar collector via collector tubes. The schematic of a
closed sorption system is shown in Fig. 1.
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Fig.1 Solar absorption refrigeration system
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Solar absorption cooling systems

Compressing the refrigerant vapour is the job of the condenser, generator, evaporator, pump, and
absorber that make up a vapour absorption refrigeration system. The vapour refrigerant is created in the
evaporator with the use of extra thermal energy for separation from the solution. A refrigerant is distilled
in the condenser and expanded in the evaporator. The chiller's generator in a solar absorption cooling
system is heated by the solar collector's tank. The coefficient of performance (COP) is defined as follows
across all contexts, and it is a critical metric for comparing the efficiency of various absorption cooling
systems:

Cooling load Or
Heat input to the generator (g

COP =

The generator's thermal input can come from a variety of renewable (solar) and non-renewable (fossil
fuel) energy sources, or a combination of the two.

The solar absorption systems may be broken down into the following groups based on the regeneration
of the solution and thermal operating cycle:

e Single-effect.
e Half-effect.
e Multiple-effect (double-effect and triple-effect)

Single and half-effect chillers need warmer temperatures than their double and triple-effect
counterparts. Triple-effect absorption chillers powered by high-temperature solar thermal collectors
provide the highest COP. For a higher COP, it is necessary to operate the generator at temperatures
higher than 150 degrees Celsius, although doing so requires more up-front investment. Cascaded cycles
and an ejector make the heliostat- and central receiver-driven, triple-effect absorption chiller a better fit
for low-temperature generator refrigeration cycles (80-500C). Single, double, and triple effect chillers
with identically sized components all have different needed deriving temperatures and coefficients of
performance (COP), as shown in Figure 2. As can be seen in Fig. 2, combining high-temperature solar
collectors with multi-effect absorption chillers results in a significant improvement in COP. There is a
maximum COP of 0.7 for single-effect chillers, and the driving heat source temperature is normally
between 80 and 1000C. In order for double-effect chillers to function, the generator temperature must be
kept between 100 and 150 degrees Celsius, and the COP must not exceed 1.4. In the end, triple-effect
chillers call for a temperature range of 180 to 2400C as their driving temperature, and their COP may
peak at 1.8 under ideal circumstances. If a high-temperature heat source is readily accessible, using
absorbers with a strong effect may increase the COP. Previous research did not address the question of
whether or not solar-driven cooling systems using multi-effect absorption chillers may be cost-effective
due to the high upfront and ongoing costs of their components, tracking, and maintenance. However,
they have the drawback of being dependent on DNI alone for power.
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Fig. 2 Variation of COP as a function of solar heat supply temperature for various LiBr-H20
absorption chiller types

Air conditioners that rely on solar energy must have a hot water tank because of the relatively
consistent heat it provides. It was estimated by Lof and Tybout that 50 kilogramme per square metre of
collection area is the optimal storage tank capacity. There was also an increase from 80 to 200 kg per m2
of collector area, which is the nominal storage quantity used for cooling. Heat loss in the hot
water storage tank's periphery is a major issue. Jacobsen calculated a coefficient of real heat loss of 1.65
W/m2°C, which is 50% higher than the prior estimates. Heat loss from a hot water tank may sometimes
be as much as two hours of daily use of a solar air conditioner. Chilled water storage tanks may be used
as part of solar cooling systems. The hot water storage tank endures significant heat losses, whereas the
chilled water storage tank receives heat at a slower pace. The primary cause of this is the narrowing
temperature gap between the outside and the chilled water tank. In addition, the chilled water tank may
help with cooling by absorbing heat if it is placed strategically (near the air-conditioned room). The
chilled storage may improve operational stability as a buffer tank, but it cannot boost the performance
of the system when used for solar cooling.

Literature Review

(Hu et al., 2022) This system makes use of a specialised module consisting of a flat-panel solar
collector operating at medium temperatures and an absorption chiller for selective radiative cooling; the
collector captures solar thermal energy during the day to power the chiller, and at night, the collector is
turned so that the bottom layer faces the sky, allowing the chiller to cool the building more efficiently.
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(Stanciu et al., 2017) Parabolic trough collectors are used to concentrate solar energy for use in heating
water in a tubular receiver in the system under consideration. Used in the absorption cooling system's
vapour generator, this is held in a completely mixed thermal storage tank. The cooling load for cooling
a two-story home is assessed on a time-dependent basis. The reliability of the cooling system's
functioning is examined by a parametric analysis that takes into account the size of the solar collector
and the storage tank.

(Siddiqui & Said, 2015) Refrigeration and air conditioning are two essentials in the growing sector of
solar energy use. This study provides a comprehensive assessment of the literature on such topics as the
prevalence of electricity and energy use, the characteristics of different absorption refrigeration systems,
and the fluids used in them, and their applications.

(Linjawi et al., 2017) The towns of Abha, Dhahran, Hail, Jeddah, and Nejran, as well as the state
capital of Riyad, put flat plate and evacuated tube collectors through 4, 6, and 8 hours of operation,
respectively. Researchers found that flat plate collectors outperformed their evacuated tube
contemporaries when it came to energy efficiency. While the planned gas-fired absorption chiller would
decrease operating costs, more savings cannot be achieved by installing solar collectors owing to their
unreasonably large initial investment.

(Wang et al., 2018) Based on a case study of a solar cooling system at a hotel, we know that on an
average day of operation, the absorption chiller has a performance coefficient of around 1.195, and the
whole system has an efficiency of 61.98 percent when it comes to harnessing solar energy.

(Aman et al., 2013) This research explores the feasibility of a solar-powered ammonia-water
absorption chiller for home air conditioning. We have created a thermodynamic model using data from
a solar-powered, ammonia-water absorption chiller with a 10-kilowatt power output and air-cooling. In
order to gauge how well this cooling system performs at the domestic scale, energy and exergy
assessments have been carried out.

(Baniyounes, 2020) Due to its better humidity management, solar cooling systems are proven to be
economically and environmentally favourable for their usage in conserving energy, removing moisture
from the air, and improving indoor air quality. Using solar energy as their primary driving medium, they
are able to control the environment within a conditioned room in terms of temperature, humidity, and air
exchange.

(Sheikhani et al., 2018) Review of solar cooling systems including the flat-plate collector, evacuated
tube collector, compound parabolic collector, and parabolic trough collector. We compare and contrast
using key metrics including performance coefficient, yearly energy usage, and payback time.

(Singh et al., n.d.) Since these systems cut power usage during peak hours, which often occur on hot,
bright summer days, they result in significant cost savings. These days, lithium bromide absorption
chillers are the solar cooling technology of choice. Renewable energy systems offer low operating costs
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and also give an excellent performance of energy efficiency, but the expensive cost of installation serves
as a hurdle to their promaotion.

(Mustafa et al., 2021) Solar collectors (common plate or evacuation tubular) are often used to power
these chillers. In this study, both practical and theoretical investigations on the impact of isolated
absorption cooling systems are surveyed. In addition, fresh suggestions for the solar collectors' layout,
as well as energy- and cooling-system backbones, will be made. In addition to a review of two-stage
and half-effect absorption coolers, this study provides a comprehensive overview of the primary twofold
affect of the cooling absorption systems.

Conclusion

This investigation set out to enhance an absorption chiller's efficiency so that it may be used to
efficiently cool dwellings while being driven by low-temperature sources, such as solar thermal energy.
The energy and exergy analysis has been used to assess exergetic efficiency, the performance, and
exergy loss of different parts of a 10 kW air-cooled ammonia-water absorption chiller.

The system's first- and second-law efficiency have been studied and compared across a range of
operating situations. The findings reveal that when the temperature of the heat source and the evaporator
are both raised, the system's COP rises, but it falls as the temperature of the absorber and the condenser
are raised. However, when temperatures in the generator, evaporator, condenser, and absorber rise, the
exergetic efficiency falls. The research shows that the absorption cooling system operates most
efficiently when heated by low-temperature rather than high-temperature sources, and that lowering the
temperatures of the condenser and absorber toward ambient conditions has little effect on the system as
awhole. A flat plate solar collector may be used to provide heat for an ammonia-water absorption chiller,
and the absorber and condenser can be cooled using just ambient air.

According to the exergy study, the generator and the absorbing process account for around 76% of
the total exergy loss in this absorption cooling system. The absorber is where most of the work has to be
done to increase the efficiency of the cycle; the generator is a close second.

Last but not least, this paper's energy and exergy studies provide a straightforward, practical means of
pinpointing the source(s) of performance-degrading losses in a miniature ammonia-water absorption
cooling system. It also provides information on which system components may benefit from design
changes. Absorption systems can be optimised from a thermoeconomic standpoint using the findings. In
order to maximise the system's thermoeconomic efficiency, it is possible to consider "the costs and
advantages (or "profitability") of the different systems for using and collecting available energy to
conduct work".
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Abstract

For almost two decades, professionals have relied on Thermal Mass Flowmeters (TMFMs) for tasks as
diverse as sweeping, gas injection and welding. Operators lack an adequate understanding of their
operational actions. TMFMs are typically calibrated using nitrogen or air, although they may be utilised
with a wide variety of process gases. Calibration using a surrogate gas necessitates the use of a correction
factor (k-factor) to determine the actual flow rate of the process gas. These adjustment factors are often
included in the user manual supplied by the product's manufacturer. The k-factor is crucial for accurate
measurements in metrology and is used in the calibration process. Because of this, knowing whether the
process gas or a surrogate gas with the suggested k-factor was utilised in calibration was crucial. The
purpose of this research is to examine the implications of substituting the manufacturer's recommended
k-factor for the actual process gas during calibration. This article presents test findings that are worrying
in the discipline of metrology.

Keywords: Solar Absorption Chiller; Refrigiration;Cooling Systems; Heat Powered Absorption.

Introduction

In recent years, a variety of novel gas metering technologies have evolved, including vortex, Coriolis,
ultrasonic, and thermal mass flowmeters. Thermal mass flow metres, in particular, show a lot of promise
due to their numerous advantageous features such the lack of moving components, direct mass
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measurement, and digital output. A thermal mass flowmeter may be used to determine the overall mass
flow rate via a pipe or channel as well as the local mass velocity of gas flow. The principle behind thermal
mass flow metres is the correlation between the sensor's measured voltage output and the heat transfer
rate caused by the sensor and the gas flow in the pipe. The thermos-physical parameters of the gas, such
as its thermal conductivity, density, diffusivity, specific heat, and dynamic viscosity, do in fact affect the
voltage output. The mass flow rate of a fluid is a crucial metric for controlling and monitoring a wide
variety of manufacturing processes. Mass velocity may be measured at a spot or a small region of fluid
flow with the use of a thermal anemometer. Fluid mass mass flow may be measured using either thermal
dispersion mass flow metres (ITMF) or capillary thermal mass flow metres, both of which are based on
different thermal measuring principles (CTMF). Specific guidelines for each have been released by the
American Society of Mechanical Engineers (ASME). Both kinds use heat transfer from a heated surface
to the moving fluid to determine the flow rate. Both insertion probe and in-line varieties of
thermal dispersion mass flow metres exist. These flowmeters calculate the mass flowrate of a fluid
travelling via a closed pipe. An in-flowing fluid runs across a heated velocity sensor. The
thermal anemometer is unique among thermal mass flow metre devices in that it is designed to function
when submerged in a flow channel or stream. The installation circumstances and process conditions, as
well as the thermal flow sensor's internal construction, all have an impact on its performance. In this
paper, we explore the theory and practise of dispersion thermal mass flow metres.

Analysis of the Recent Studies

Experimentation with a thermoanemometric flow-meter (TAF) included a study of the following
techniques for measuring the velocity of air flow, gas, and liquid mixes. But the information regarding
the research of the fuels-flow utilising rapeseed oil is almost lacking.

Because biofuels' physicochemical qualities vary so much from those of traditional motor fuels, this
kind of study is necessary (petrol and diesel fuel). The dynamic mode of the flowmeter's functioning and
its errors are both affected by the major changes in the way biofuels flow through it.

Research into the thermal TAF balancing experiment was therefore carried out. Cost estimates for
seven different fueling scenarios were analysed, with motor fuel temperature field inaccuracies and
approximation taken into account. The precision of measurements performed using computational
methods has been enhanced.

Creating a working model of the main measuring converter, conducting experimental study on the
thermoanemometric biofuels flowmeter, and putting it through its paces in automobiles powered by
diesel internal combustion engines are all part of this project.

Dispersion thermal flowmeter theory Dispersion

Dispersion Heat transferred from an electrically heated sensing element or probe to the surrounding
fluid is used to calculate the mass flow rate, making thermal mass flowmeters an ideal tool for studying
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fluid dynamics. The American Society of Mechanical Engineers (ASME) has released a new
national standard for thermal dispersion mass flow metres in response to their widespread use in
industrial settings.

Figure 1 shows the whole transduction chain for a heat flow metre that generates a voltage signal.
Two different transduction processes are shown here: first, a mechanical signal (mass flow) is
transformed into a thermal one (heat transfer), and then the resulting temperature differential is
transformed into an electrical output signal (current or voltage). The rate of heat transfer between the
sensor and the fluid is inversely proportional to the sensor's output voltage, which is the basis of the
gas mass-flow measurement concept.

Mechanical Thermal signal Electrical signal
signal domain domain domain
Flow Heat ‘ Temperature

™ transfert difference [T Voltage

Fig.1. The three signal domains and the signal transfer process of a thermal flow sensor

Convective heat transmission from the thermal flow sensor to the fluid may be affected by the fluid's
composition and type. L.V. King is credited with developing thermal mass flowmeters after publishing
his now-famous King's Law in 1914, which describes how a heated wire submerged in a fluid flow may
be used to determine the mass velocity of the flow at a certain location. King referred to his invention, a
hot-wire anemometer, as such.

C' A o Transmitter
Flow body == S Flow sensor probe
. = A \ / 74_1] /
Flow conditioner — “— Flow sensor
Flow sensor

(a) in-line configuration oy
i T probe
Compression
fitting . T |
Fluid ]  Velocity
| sensor

temperaturi
Fig.2. The two configurations of dispersion thermal mass flow meter

Flow sensor sensor

(b) insertion configuration

Dispersion thermal mass flow metres may be either installed in-line or with an insertion probe, and
both designs and their main components are seen in Fig. 2. There is a similarity between the two setups
in terms of their primary parts. Olin gave a talk on thermal dispersion mass flow metres in the industrial
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setting, including their operation, construction, and potential uses. The accuracy and reliability of thermal
dispersion mass flow metres may be affected by factors such as the thermal flow sensor's design, the
state of the installation, and the nature of the process being measured. The sensor structure, implications
of insertion length, and construction details at the insertion point were all studied by Baker and
Gimsonin. One of the best instruments required in flow metrology is the thermal mass flowmeter utilised
in industry. These devices originated from hot-wire anemometers, which measure local velocity. With
the use of sensors, a thermal anemometer can calculate the overall heat loss of a system consisting of
heating components cooled by a fluid. Both constant temperature and constant current are the main
modes of operation for a thermal anemometer. This study focuses on the constant temperature mode.

Operating principles of Thermal Mass Flow-Meters (TMFMs)

There is great potential for TMFMs to be used as flow rate metres. They're put to use all over the place
to measure the movement of fluids (gases). Their primary benefit lies in the fact that, unlike volumetric
flow metres, differential pressure metres, turbine flow metres, and ultrasonic flow metres, they directly
measure mass flow.

TMFMs rely on the fluid being measured being heated as it flows through the device. All fluids will
absorb heat as they move through a hotter medium. The flow metre has two temperature probes, one at
the input and one at the discharge. The thermal power necessary to keep the temperature difference
between the two probes at a constant value will be measured by the flowmeter. Mass flowrate is
calculated from the temperature differential using the flow sensor. The following formulas may be used
to explain this in terms of the first rule of thermodynamics (heat input Equals heat output, with no losses):

(P—L)=f

qgm = ——————
C, * (AT)

In this equation, gm represents the mass flow rate in kilogrammes per second, Cp represents the
specific heat in joules per kilogramme Kelvin, and T represents the temperature gradient in kelvin. P is
the power input (in watts), L is the power lost in conduction (in watts), and is the meter's proportionality
factor (dimensionless).

There are two main types of thermal flowmeters, and they operate on either the on-line or bypass
basis. Bypass flowmeters are utilised in this discussion. This concept relies on the correlation between
the heat transfer rate provided by the sensor and the gas flow in the pipe and the resulting voltage at the
sensor's output (Fig.3). The thermo-physical parameters of the gas, such as diffusivity, thermal
conductivity, density, specific heat, and dynamic viscosity, do in fact affect the voltage output. The
characteristics of a gas are sensitive to its working conditions (temperature, pressure, and chemical make-

up).
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Fig. 3. Principle of Bypass Thermal Mass flowmeter
Thermal Flow Sensors

One way to measure the speed of a flow is by measuring how much heat is carried away from or
redistributed to a heated temperature sensor. Thermal transport flow metres, also known as thermo-
anemometers, are a kind of sensor that operates on the heat dissipation principle. As these flow metres
have no moving parts, they can be used in situations where a narrow tube diameter is a necessity.

Thermal transport sensors have a wide dynamic range and high sensitivity, making them superior to
other types of sensors. Two distinct categories exist for thermal flow sensors:

1. Hot-wire or Hot-film sensors: The flow's ability to cool a hot body is monitored by the sensor.
The need for more energy to keep a given temperature constant, or a drop in temperature in
response to a certain amount of energy input, are both indicators of this effect.

2. Calorimetric sensors:The temperature profile surrounding a heater is measured, and any
changes caused by the fluid's motion are recorded by the sensor. Flow sensors that are micro-
machined or use MEMS technology nearly always employ this method.

Literature Review

(Amina & Ahmed, 2017)Predicting flow behaviour and its consequences on the environment has
relied heavily on measurements and models of flow. Production facilities, shipping companies, industrial
plants, and government or public sellers all rely on flow measurement to do business with one another.
Direct mass flow measurement of gases and vapours over a broad variety of process conditions without
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the requirement for density adjustments based on pressure and temperature may be made possible by
thermal flowmeters, which might enhance transactional operation.

(Arevalo et al., 2013)For this simulation, we have used a length of 1.2mm and a channel height of
400m. Heat Transfer in Fluids, Laminar flow, and Joule heating interfaces were used in the modelling
of the platinum heater element and two sensors. It is possible to sputter and pattern the three components
with a thickness of 300nm in a functional device.

(etal., 2020)In order to quantify the quantity of fluid passing through a pipe at any one time, a metre
called a "flow metre" is used. In this study, we will examine the many instruments used for measuring
fluid flow, the sensors used for this purpose, their principles and operations, and the advantages of using
sensors based on an Inertial Measurement Unit while doing so.

(ABBAS & Mouchel, 2019)Calibration using asurrogate gas necessitates the use of a
correction factor (k-factor) to determine the actual flow rate of the process gas. These adjustment factors
are often included in the user manual supplied by the product's manufacturer. The k-factor is crucial for
accurate measurements in metrology and is used in the calibration process.

(Rotameter & Rotameter, n.d.) The thermal mass flowmeter of the BIMCOA400 series uses the principle
of thermal diffusion to determine the volumetric flow rate of a gas. It uses a pair of filmed resistance
temperature detectors (RTDs) as its sensors; one of these detects the gas flow rate (RH), and the other
detects any changes in temperature along the gas path.

(Yu et al., 2020)The fluid dynamics and heat transfer process are studied using a CFD model before
the design is finalised. In order to validate the design and performance, experiments are conducted in a
thermal vacuum chamber replicating the space environment.

(Khan et al., 2016)Hydrocephalus shunts and medication administration devices are only two
examples of the many biological contexts in which thermal flow sensors may be useful. Infrared thermal
sensing has several applications, including in preclinical breast cancer detection, in the identification of
neurological illnesses, and in the monitoring of skeletal muscle activity. Methods for sensing and
transducing thermal flow, and their various biomedical applications, are discussed.

(Igor Korobiichuk et al., 2015)Physically-informative models were used to realise all of the primary
thermal techniques and the informational alternatives they provide, and then the outcomes of these
approaches were compared to the tests. Costs were compared based on these parameters after a
metrological assessment was performed, during which the sensitivity to gas and liquid consumption, as
well as their static and dynamic mistakes, were identified..

(Tison, 1996)As there are many different TMFM manufacturers, each with their own ostensibly
interchangeable instruments, TMFM use is made more difficult than it needs to be.

(Hylton, 1999)The mass flow rate or corresponding volume flow relative to some standard is often
the quantity of interest (i.e. standard temperature and pressure). The mass flow rate cannot be directly
measured by most gas flowmeters because of the effects of fluid density and other variables.
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Conclusion

The microfabrication of thermal-flow sensors allows us to test out and refine emerging approaches.
Various materials and transduction mechanisms may be employed for a variety of purposes. In order to
diagnose and monitor fluid rates in the human body in order to intervene promptly, thermal sensing may
be utilised. Compared to more complex sensor systems, a hot-film or hot-wire, which both use a resistive
element to regulate current flow, are preferable due to their simplicity. The fluid velocity is connected to
the output parameter like voltage. The benefits of thermal sensing are low power consumption, simple
operation, and straightforward construction.

Without the need for density adjustments, thermal flowmeters can measure the mass flow of gases
under a variety of process circumstances. If they are calibrated using the actual process gas, they can
achieve high precision (1% or better). Theoretical gas conversion is very challenging, and even utilising
the manufacturer-supplied conversion factors may lead to significant mistakes.

Even using computational fluid dynamics (CFD) models, hot-wire thermal flowmeter theoretical
conversions are complicated. Inaccuracies of over a hundred percent (>100%) have been seen when
determining gas properties using hot-wires correlated to literature. Similar inaccuracies may occur when
using the conversion factors provided by the manufacturer. Within a few percentage points, conversion
factors may be calculated using empirical heat transfer correlations provided that the correlations are
suitable for the sensor's geometrical layout. Calibration on a small number of surrogate gases with
thermal parameters (Prandtl Numbers) similar to the process gas yields a suitable correlation.
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Abstract

Thermal fluid management is a critical area in industries that require constant monitoring. If the systems
are not managed properly then it will result in catastrophic failures including significant breakdown,
replacement, downtime and costs. Though many systems are incorporated to manage the systems ranging
from sensors to automatic cut-offs many problems still persist. The non-monetary complications that
arise due to the mismanagement of these systems will put lives and livelihoods at risk. The operation of
these Thermal fluid heating systems is generally a closed loop but still, the continuous circulation of
these thermal fluids/heat transfer fluid operates in a closed loop with the thermal fluid (also referred to
as heat transfer fluid) in constant circulation. This constant circulation will also act as heat transfer agents
and also their fluid properties tend to change. A special set of control loops are commonly used to monitor
these systems. Systems tend to operate mostly in the liquid state and at times there are systems that
operate in the vapor state also. Safety, flexibility and efficiency are the key factors when it comes to the
management of these systems.

Keywords: Thermal Fluid, Fluid Proprty, Flexibility, Vapour State.

Introduction

The thermal fluid (also called heat transfer fluid) in closed-loop heating systems is always circulating.
This on-demand heat supply is maintained by steady circulation at the supply temperature. Individual
users may be managed, and the temperature of the thermal fluid can be adjusted independently for each
user by means of auxiliary control loops. Although vapour phase fluids are available for some specialised
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applications that benefit more from latent heat than simple heat, in most systems the thermal fluid or heat
transfer fluid remains in a liquid form all the way through the loop.

Types of Heat Transfer Fluids

It is usual practice to heat a building using thermal oil, water, or a water-glycol combination. There
are benefits and drawbacks to using each of these heat transfer fluids, and they change with the system's
operating temperature and desired level of performance. To make the best decision for any given use
case, familiarity with the various fluid options is essential.

1. Hot water and water-glycol: When considering thermophysical qualities, water is the
greatest heat transport medium conceivable, but it also has a few limitations. To start, it can
be caustic, it can pick up pollutants, it boils at 212 degrees Fahrenheit, and it freezes at 32
degrees Fahrenheit. The freezing point may be lowered by adding glycol to a water solution,
and the boiling point raised, although the heat capacity will be diminished somewhat.

2. Thermal oil: When compared to water-based solutions, thermal oils can withstand hotter
conditions without boiling or significantly raising system pressure. Oil-based systems may be
used at temperatures up to 800 degrees Fahrenheit with some synthetic oils. Long-term cost
reductions are realised since a qualified boiler operator is not normally required for oil-based
heating systems that are approved under ASME Section VIII. Because of their lack of
corrosiveness, thermal oils also don't require special treatment to avoid the buildup of hard
water deposits.

Advantages of Thermal Fluid Heating Systems

Compared to conventional boilers, thermal oil heating systems provide a number of benefits. Among
these benefits are:

1. Achieving High Temperatures at Low Pressures

A wider temperature range and a hotter maximum are available from thermal fluid systems. Thermal
oil allows these systems to run at temperatures between 0 and 750 degrees Fahrenheit, but steam limits
them to a maximum of 350 degrees Fahrenheit before operating pressures rise over 425 pounds per
square inch. Water-glycol thermal fluid systems may achieve temperatures between 32 and 350° F at
pressures somewhat lower than those required by steam, providing even greater versatility than
conventional systems.

As useful as the temperature range is, the low pressure is perhaps more so. The maximum system
pressure is merely what is produced by the centrifugal circulation pumps, which is sufficient for most
hot oils running at temperatures below 600 °F. Vapor pressures of less than 100 PSIG are sufficient for
use of high-temperature synthetics up to 750° F. To maintain a steam temperature of 750 degrees
Fahrenheit, the system pressure must be more than 3,200 pounds per square inch (PSIG).
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2. Minimal Maintenance

Maintenance for thermal fluid heating systems is minimal outside of routine flashpoint checks. If
properly maintained and checked on a regular basis, the circuits are simple and the fluid seldom needs
adjusting or replenishing. In contrast to conventional boilers, thermal fluid systems need no upkeep such
as blowdown, re-tubing, steam trap maintenance or water treatments.

3. No Attendant Needed

Because of rising concerns about the safety of employees in close proximity to boilers, more and more
industries, states, and municipalities are passing laws mandating the permanent presence of an engineer
in all boiler rooms. During peak production times, many facilities throughout the country are required to
have a trained staff in the boiler room. Most boilers that use fire as a steam source need this.

With a thermal fluid heater and unfired steam generator, a facility may operate with just a roving
attendant. This benefit may be conditional on meeting requisites in a certain jurisdiction.

4. OQutdoor Installation

Due to the nature of the thermal fluid system's output, it is possible to place it in otherwise inaccessible
areas, whether inside or out. The safety of the whole plant may be maximised by separating the heater
and major system components from the rest of the building's vital production areas.

Even though there are some extra steps involved, installing a thermal fluid system in an outdoor setting
is simple. The proper size of a circulation pump and motor involves taking into account cold start
provisions. It's possible that other things, like pouring slabs or protecting exposed pipes and equipment,
will need to be done as well.

Conduction

A substance's ability to conduct heat depends on how well it is in touch with another material. A
temperature differential between the two sides of a material is the driving factor in conduction. Putting
one end of a metal rod in a fire will cause the whole rod to heat up because the heat will travel down the
metal's surface and out the other end. Heat exchangers and equipment insulation are two popular methods
used in the area of thermal and fluid sciences to determine the amount of heat lost or gained owing to
conduction. Heat flow through a wall or roof, however, is much simpler to picture. To determine how
much heat is transferred by conduction through a uniform material, use the following formula.(Boettner,
2017):

k+A=+ {Th.at - Tmi.:i}
t

chmi,ﬂal plate =
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Btu
where Qcond, fiat plate = quantity of heat transfered through flat surface [ ]

k = thermal conductivity of material [h

W]

Thor — Teoia = temperature dif ference [°F]

t = thickness of material [ft]; A = area of heat transferl [ft?]
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Figure 1: Conduction through a building wall
Design Analyses of Fluid-Thermal Systems using Excel

Excel's user interface provides a wealth of in-built functions and other analytical tools that enable us to
perform a wide range of operations on the stored data. It also has a plethora of options for customising
the look of the workspace and generating a variety of reports from the core data.

The modelling framework utilised in this book for thermofluid studies is developed around Excel due
to its user-friendliness, extensive in-built functionality, iterative tools and graphical representations. Not
all of Excel's capabilities and built-in functions are covered here, but the ones that are relevant to creating
analytical models for thermofluid studies are. Rather than the customary method of the formulaic
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location reference, the chapter emphasises the use of cell-labelling. This chapter also shows how to solve
nonlinear equations using Goal Seek and circular computations in Excel, and how to solve linear systems
with Excel's matrix functions. Excel's trendline function, used for fitting curves to tabular data, is shown
in the section on the program's graphical capabilities that follows.(El-Awad, n.d.).
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Figure 2: The main elements of Excel’s user-interface
Design sensitivity analysis of steady fluid-thermal systems

Finding the maximum of an objective function while adhering to a number of constraints is the goal
of numerical optimization methods. Nonlinear  aeroacoustics, magnetoplasma  dynamic
applications, casting process simulations and automobile design optimization are all areas where zeroth-
order approaches are impractical due to the high cost of assessing the objective function and constraints.
Gradient-based design optimization approaches are often used for difficult issues. These methods rely
on the gradients of the objective function and limitations on the dependent variable, with regard to the
independent shape-design factors. It is possible to calculate these gradients, also known as sensitivity
gradients, using finite differencing. But if it is not well managed, this process may lead to erroneous
gradient estimates and a high computing cost.

The ideal approach for analytically evaluating these derivatives entails an extra layer of DSA
simulation. The computing cost of these approaches is far lower than that of the main analysis, but they
nevertheless provide precise design sensitivities. Two such techniques, the direct differentiation
approach and the adjoint method, are introduced briefly here. For transitory systems, we will describe
how to evaluate sensitivity using a generalised response function.

Within the bounds of a set of design requirements, the objective of an optimization problem is to
achieve the minimum cost function. It is possible to express these restrictions and cost functions in terms
of a generic response function, denoted by F.
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F(d) = G(U(d).d).

Literature Review

(Mueller, 2006) includes the modelling, simulation, economic analysis and optimization of thermal
systems to apply the concepts of thermodynamics, fluid mechanics and heat transport. Activities and
objectives for student learning that are specific to the course are described. Many potential course
materials and digital resources are also included.

(Javvadi et al., 2020) Such creativity is essential in the development of new In 1990, Akachi was the
first to develop a pulsating heat pipe. An efficient method of transferring heat, the pulsating heat pipe is
a relatively new invention. Despite extensive theoretical and experimental studies, researchers still lack
a full understanding of its complicated operating mechanism, which involves a coupling effect between
hydrodynamics and thermodynamics. The thermo-hydrodynamic properties of this apparatus are briefly
discussed in this study. The working fluid volume, tube cross-section, and internal diameter will be
discussed briefly. The thermal behaviour is also determined by the number of device rotations and the
thermo-physical parameters of the working fluid.

(Tu & Zeng, 2020) While one-dimensional (1D) fluid system simulation techniques offer greater
computational efficiency but inadequate calculation accuracy, traditional 3D computational
fluid dynamics (CFD) methods can depict the system's internal flow and heat transfer performance in
depth with complicated mesh models and very poor calculation efficiency. This research provides a
strategy for implementing effective and precise simulation to address this issue. To determine the P-Q
characteristic curve for each pipeline component, 1D fluid system analysis models are set up. These 1D
models are also used to assess the thermal insulation effectiveness of the system pipes and the
homogeneity of air flow into each section of the aeroplane cabin. Using the subsystem P-Q
characteristics as boundary conditions, a 3D CFD model is developed to analyse the mix manifold's air
distribution performance.

(El-Awad, n.d.) The basics of thermodynamics, fluid mechanics and heat-transfer may be effectively
introduced to engineering students by the time-honored technique of employing hand-calculations with
property tables and charts. However, for a number of reasons, computer-aided approaches are necessary
for applying these concepts to design assessments of fluid-thermal systems. Nonlinear equations and the
interdependence of fluid characteristics with the imposed system stresses, pressures, and temperatures
are two major causes for the requirement for iterative solutions.

(El-Awad & Al-Saidi, 2022) Microsoft Excel, with its built-in Solver and VBA, is a great tool for
doing fluid-thermal system design studies in the classroom. This study uses the double-pipe heat
exchanger as an example of a popular form of such a system to demonstrate this capacity. In order to get
the optimal standard-pipe size for the system, a user-defined function (UDF) is developed in Visual Basic
for Applications while Solver does the optimisation study.
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(Salari et al., 2021) The photovoltaic thermal system (PVTS) is one of the most well-known hybrid
solar technologies because of its ability to generate both electricity and heat energy. The thermal energy
is the heat that is taken in by the PV module and then sent on to the thermal collector and then the
heat transfer fluid. Increases in acquired thermal and electrical powers, as well as improvements in PV
thermal management, may be achieved with the use of an appropriate heat transfer fluid. The use of
nanofluids, which have advantageous thermophysical characteristics, has emerged as a tried and true
method for boosting PVTS performance during the last decade.

(Balagangadhar & Roy, 2001) The aerospace and automotive industries have shown a strong interest
in studying how to optimise the design of fluid-thermal systems. Changing channels for internal and
exterior flows while still meeting the governing equations is the focus of this area of study. Among the
many optimization methods now in use, the analytical sensitivity analyses-based optimization is widely
regarded as the most effective design instrument for difficult multi-dimensional practical issues. This
document details how we added sensitivity analysis to the CFD code's list of possible analyses (DSA).

Conclusion

Recent developments in high-performance computing, fluid-thermal system simulation, and industrial
process modelling have presented engineers with novel requirements, possibilities, and problems. It is
clear that today's industry calls for engineers to build better products with higher performance, in less
time, and at lower costs, as seen by the rising focus on the design and optimization of engineering
systems.

In order to achieve this objective, it is necessary to create virtual environments for digital simulations of
the actual world that take into account the limits of several disciplines. Numerous studies have shown
how using CFD and DSA in engineering design may improve the process significantly. But its potential
is hampered by the absence of a computational technigue to aid in the design synthesis of connected
large-scale multi-physics domain solutions. The new technique is likely to have an effect on CFD-based
design environments, as it will provide a realistic method of optimising massive CFD problems, therefore
advancing the state of the art in the field. Using a massage passing interface, the authors are creating a
parallel CFD design optimization environment that can evaluate several functions simultaneously. As
the price of computers continues to drop, parallel processing is poised to become the standard for CFD-
enabled design software. In addition to facilitating more efficient use of resources, this will hasten the
discovery of new information and push the limits of engineering further.
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Abstract

Across the globe, scientists and engineers are focusing their attention on hybrid polymer composites
because of the unique opportunities they provide for solving pressing material challenges. Polymers and
hybrid composites are developing as versatile replacements to metals and their alloys in many
conventional and innovative technical applications. Hybrid composites need extensive testing due to
variations in temperature and mechanical loads. Hybrid composites degrade and alter characteristics
when subjected to extremes of temperature, such as those found in the environment. To improve the
mechanical and thermal qualities of structures, carbon fibre composites are increasingly being employed
in place of reinforcing bars or concrete. The thermal property values of hybrid polymer composites made
with various filler materials will change depending on the temperature. After reading this paper's
overview on the thermal characteristics of fibre-reinforced hybrid composite materials, | realised that
there is still a lot of room for investigation into the study of composite materials' thermal properties,
particularly those made using Silicon oxides, aluminium oxides, carbon, and graphite as filler material
in conjunction with glass fibre and natural fibres. This literature review demonstrates that hybridization
has a positive influence on the thermal characteristics of fiber-reinforced hybrid composite materials.

Keywords: Hybrid Polymer Composites, Carbon Fiber, Silicon Oxides.

Introduction

Composites are structural materials made up of two or more materials that are insoluble in each other
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yet may be mixed at the macroscopic level. One component, the reinforcing phase, is embedded in
another, the matrix. Any of fibres, particles, or flakes may be used for the reinforcing phase. The
components of the matrix phase are unbroken. The three main types of composites are those with a
ceramic matrix, metal matrices, and polymer matrices (PMCs). Polymer matrix composites are so named
because polymer resin is utilised as the matrix material. The features of polymer composites include low
density, excellent thermal and electrical insulator, and cheap cost. Typically, people will use either PMCs
or MMCs. Metal matrix composites feature a metal matrix, whereas polymer matrix composites are made
of polymer (epoxy, polyester, etc.) reinforced by fibres. Metals are often strengthened to alter their
characteristics. With its high strength, cheap cost, great chemical resistance, and readily accessible fibre
form, glass has become the material of choice for most polymer matrix composites.

Natural Fiber

Sustainable materials made from organic materials like jute, coir, sisal, bamboo, etc. The materials
made from natural fibres are sustainable, affordable, biodegradable, and kind to the environment. The
reinforcement in polymer matrix composites often consists of plant fibres like cotton, jute, sisal,
hemp, pineapple, ramie, bamboo, banana, etc., but it may also be wood or flax seeds. Reinforcement for
glass, carbon, and other artificial fibres, they are readily available, inexpensive, and have good
mechanical qualities. Despite their superior specific strength, the expensive manufacturing cost of glass
fibres severely limits their usefulness. As a result of their lower price and greater accessibility, natural
fibres like sisal and jute are gradually replacing more expensive and less environmentally friendly
synthetic materials like glass and carbon fibres.

Resin

Fiber reinforced composites' resins are also referred to as polymers. One essential feature shared by
all polymers is that they are built from chains of basic repeating units. Synthetic resins, or just resins, are
another name for man-made polymers. Thermoplastic polymers are those that retain their original shape
and characteristics when heated, whereas thermosetting polymers undergo a change in structure when
heated. Epoxy Resin, Polyester Resin, and Vinyl Ester Resin are the three main resins utilised in the
composite materials industry. In most commercial settings, epoxy resin is used in conjunction with a
hardener, a curing cross-linking agent. Polyetheramine epoxy resin.

Hybrid Polymer Matrix Composites

Two varieties of polymer matrix exist:

1. Thermoplastics

Thermoplastics are materials with intermolecular linear polymer architectures. When it comes to
elasticity, thermoplastics thrive, but they can't take much of a beating before breaking. After being heated
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to a melting point, thermoplastics' intermolecular polymer structures undergo a reorganisation. When
subjected to high temperatures, the chemical linkages that make up the linear structure weaken.
Thermoplastics may be manipulated by heat to become malleable or fused, and then cooled to a rigid
state. Thermoplastics, in contrast to thermosets, may be altered or recycled several times. As well as
being more resistant to cracking, the shelf life of thermoplastics is much greater than that of thermoset
resins. In comparison to thermosets, thermoplastic resins have a high viscosity and poor creep resistance.
Polyethylene, polystyrene, polyamides, and nylons are all examples of thermoplastics.

2. Thermosets

Thermoset materials have a strongly chemically-bonded polymer matrix that forms a highly
crosslinked structure. Stronger than thermoplastics but with poor elastic properties because of their
highly crosslinked structure, thermosets are still a kind of solid. The thermosets cannot be recycled back
into a liquid condition after they have been transformed into a solid during the solidification process.
Thermosets include common synthetic materials including epoxy, polyester, and phenolic polyamide.
When compared to other resins, epoxy offers superior adhesive qualities and mechanical properties.
Epoxies are more costly and less water-resistant than polyester. Polyester's benefits include inexpensive
price, simple maintenance, resistance to chemicals, and decent mechanical qualities. Around 85% of
fibre reinforced polymer composites are made from polyester and epoxy.

There are benefits to using polymer matrix composites, such as increased stiffness and tensile strength.
High toughness-related fracture rate, Abrasion resistance is rather high, Good resistance to corrosion and
puncture damage. However, there are drawbacks to polymer matrix composites as well. A lack of
resistance to heat and cold, The coefficient of thermal expansion is high, The procedures for creating
composites take a long time.

Polymer matrix composites manufacturing methods

There are a number of ways to make polymer composites:

1. Hand Layup Method

It's one of the earliest and easiest ways to make composites out of polymers. Molding boxes are
constructed out of polymer matrix and fibres, and the latter are then layered into the box, with the
necessary quantity of polymer matrix applied to each successive layer. Before putting the fibres
and polymer matrix, the surface of the mould box is coated with a non-stick substance to prevent sticking.
Curing requires additional time for solidification, and the precision of measurements and form depends
on the expertise of the craftsman.

2. Compression Moulding Method

Compression moulding is used to produce composites of the same sort in large quantities. During the
compression moulding process, the fibres and polymer matrix are inserted in the female half of the mould
box, and the male half is then positioned on top of the mould box. Then, using a hydraulic press, apply
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the required amount of pressure and let cure at room temperature and pressure. Take the composite out
of the mould after it has cured. Applying this strategy to cars is preferable.

Resin Transfer Moulding (TRM) Method

Molds having inlets for pouring in the resin/catalyst combination and vents for releasing excess air
are used in this production process. This process involves pumping a mixture of resin and catalysts into
a mould after they have been mixed in an injection head. After the mould is closed, dry reinforcement is
added. The necessary quantity of resin is injected into the mould, and the process of curing occurs at
room temperature and humidity. Right after the composites have been released from the mould. Vacuum
is used to draw the resin catalyst mixture within the RTM mould. By using vacuum bags in conjunction
with the moulds, we can improve resin flow and cut down on the void percentage. The RTM method
produces less volatile waste emissions. Panels for automobiles, swimming pools, sandwiched between
two pieces of metal, etc. are all products of this method.

Pultrusion Method

Pultrusion is a continuously operating, highly automated moulding method used to produce identical
composites in large quantities. The profile of the die is taken into account while arranging the
reinforcement materials. After being dipped in a resin solution, the fibres are transported to the pultrusion
die, which is made of heated metal. In order to transport heat to the polymer matrix and fibres, the die
must be kept at a certain temperature. Polymerization from resin to matrix is accomplished via heating
process. After the solid has cooled, it is removed from the mould and its length is trimmed. The building,
transportation, electrical, etc. industries are just a few places where this method may be put to use.

. Add Epoxy Stirring done
Cu@}g Lo Weigh the resin, hardener mechanically
fibre into required lass fibr d filler e
shapes glass fibre and filler to make a

paricles paste

Step 1 Step 2 Step 3 Step 4
Place glass Then place the mould ‘:::ufl‘jfc:lriﬁcation
fibre into Cutting the box into compression cut the
mould box glass fibre moulding machine crn e
and apply the into required and allow for mateIi'ial as
prepared shapes solidification for per ASTM
paste. minimum 24 hours. standards.

Step 5 Step 6 Step 7 Step 8

Figure 1. Steps involved in manufacturing hybrid polymer composites.
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Thermal property of hybrid polymer composite materials

1. Thermal Conductivity

Hybrid composites' thermal behaviour under different situations must be studied in order to create and
develop them for varied purposes. Hybrid composites are notoriously difficult to detect and forecast the
temperature behaviour of due to their unknown thermal conductivity and the nonlinearity of their thermal
property fluctuations. Due to the intricacy of temperature fluctuations, measuring the thermal
conductivity of hybrid composite materials is a difficult job. The thermal conductivity of clean epoxy
polymer composites with silicon carbide filler particles varies between 0.41 W/m K for a volume fraction
of 20% SiC filler particles and 0.51 W/m K for a volume fraction of 30% SiC filler particles. In contrast
to the strong thermal conductivity of pure silicon carbide, the poor thermal conductivity seen in silicon
carbide epoxy resin composites may be attributed to the smaller filler particles used in this material. They
are not, however, helpful in creating electrical connections. Therefore, electrical gadgets will fail due to
poor cooling. A device's reliability and performance can only last up to the maximum allowed by its
operating temperature range. Optimal thermal management is crucial to the excellent performance of
semiconductors.

2. Coefficient Thermal Expansion

Adding 5% by weight of multi-walled nanotubes to polyurethane composites increases the thermal
degradation temperature from 409 degrees Celsius to 421 degrees Celsius, and increases the coefficient
of thermal expansion. Epoxy resin, fly ash, stone powder, glass fibre and silicon carbide are mixed to
make hybrid composites, which are then filled with 5% and 20% by weight. The results of the thermal
experiments show that the glass fibre epoxy resin (GFER), GFER + silicon carbide 5%, and GFER +
silicon carbide 20% composites have higher thermal conductivities than the other composites, while the
composites GFER + fly ash 5%, GFER + silicon carbide 20%, and GFER + stone powder 20% have
lower CTE. The coefficient of thermal expansion of polymer composites may be reduced by the use of
hybrid fillers (Aluminum nitride, Silicon carbide, and Boron nitride).

3. Thermogravimetric Analysis

After subjecting composites comprised of polyester resin, glass fibre, and jute fibre to
thermogravimetric analysis, researchers discovered that composites with a higher proportion of glass
fibre, such as PO56-JU21-VI123 (polyester 56% + jute 23% + glass fibre 23%), had less mass loss as a
function of temperature than those with a lower percentage of glass fibre, such as PO77-JU23-
V10 (polyester 77% + jute 23% + Through thermogravimetric analysis (TGA), we observed that hybrid
polymer composites had greater thermal stability than glass fibre composites or carbon fibre composites.
Greater mass loss was seen in TGA analysis of PMMA toughened glass-epoxy composite, but SiC
addition maintained temperature stability. Both the epoxy matrix and the surface of the glass fibres were
modified using a variety of graphene-based nanomaterials. These included graphene oxide
(GO), reduced graphene oxide (rGO), graphene nanoplatelets (GNPs), and multi-walled carbon
nanotubes (MWCNTSs). According to the findings, thermal conductivity is improved by the incorporation
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of GNPs, GO, rGO, and MWCNTSs. For 1.2 wt.% of GNPs in GFER composites, the thermal
conductivity of two-phase epoxy/nanoparticle composites was improved by up to 6.0%.

4. Effect of filler materials on glass transition temperature of polymers

The increased glass transition temperature (GTT) of hybrid polymer matrix composites is attributable
to the use of micro and nano filler particles in epoxy resin glass fibre (ERGF) composites. The glass
transition temperature (GTT) of polymers is between 90 and 120 degrees Celsius, while
thermogravimetric analysis tests are conducted at temperatures of 200 to 300 degrees Celsius or more,
which is much higher than the GTT of epoxy resin. Since the thermal conductivity values of filler
particles are greater than those of glass fibre and epoxy resin, the GTT of polymer hybrid composites is
higher.

The thermal conductivity and thermal stability of epoxy resin fibre reinforced composites are
improved when fillers with a higher thermal conductivity value are added to the epoxy resin glass fibre
(ERGF). This is because the fillers are distributed more uniformly in the polymer matrix after the
covalent connections between the matrix and the fillers are delinked. Fillers are often added in the range
of 5-30% by volume or weight. Fillers may come in a variety of shapes, including balls, flakes, tubes,
and "whiskers." Advanced composites research and testing have shown that Nanoparticle fillers are
superior in hybrid polymer composites, which need a minimum filler size in the micron range. How
fibres and fillings affect thermal characteristics is context-dependent. The thermal conductivity, thermal
expansion coefficient, and thermal stability with regard to high temperature will all be affected by the
fibre orientation, additives, filler size, and resin type. The structural integrity of certain composites is
also evaluated at low temperatures.

Literature Review

(Santhosh et al.,, 2017) The materials made from natural fibres are sustainable, affordable,
biodegradable, and kind to the environment. Hybrid composites are presented in this work as the
following types of fibres: sisal/Sic/Glass Fiber; jute/sansevieria Fiber; sisal/jute Fiber; jute/bamboo
Fiber. In this article, we'll go over the mechanical and thermal characteristics of hybrid composites,
wherein Epoxy resin serves as the binder, and wherein the incorporation of Filler into Natural Fibers
materials serves to further enhance the performance of these composites.

(Abas & Abass, 2018) Hardness, impact strength, bending distortion, and heat conductivity were all
measured on ASTM-compliant specimens. Once the thermal conductivity property has been established,
the hardness, impact strength, and bending distortion of both the unfilled and particulate-filled
composites are measured as filler content varies to observe the composite material's response to loading.

(Offer, n.d.) Composites of carbon and metal have remarkable heat resistance. When compared to
other carbon-based reinforcements, graphite flakes stand out due to their superior thermal properties, low
cost, and ease of machining. Metals, however, have a very difficult time penetrating their densely packed
preforms.
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(Kiran, 2016) Random Sequential Adsorption (RSA) was used to construct 2D and 3D
Representative Volume Elements (RVEs) for the study, with the use of MATLAB and Python
programmes. Thermal conductivity was measured for both two-dimensional and three-dimensional
RVEs, with varying results depending on the percentages of the RVESs' areas and weights. To conduct a
3D (2D) analysis, spherical and ellipsoidal alumina nanoparticles were considered. It was discovered
that incorporating nanofillers into a material improved its heat conductivity. At equivalent area or weight
fractions, thermal conductivity was increased in about the same amounts for both kinds of inclusions in
2D or 3D analyses.

(Kim et al., 2016) Using three-dimensional (3D) non-destructive micro X-ray CT analysis, we
demonstrate the connection between the heat conductivity of polymer composites and the realistic size
of GNP fillers inside the polymer composites, all while limiting the influence of the physical
characteristics other than size. When the GNPs were thicker and more widely spaced, the matrix-bonded
interface shrank and the composites' thermal conductivity and heat dissipation improved noticeably..

(Huang et al., n.d.) Improving polymers' thermal conductivity is a hot area of study because of their
widespread use in various fields. The goals of this review article are twofold: 1) to provide a
comprehensive summary of the current state of knowledge regarding the molecular level understanding
of the thermal transport mechanisms in polymers in terms of polymer morphology, chain structure, and
inter-chain coupling; and 2) to highlight the rationales behind recent efforts to improve the thermal
conductivity of nanostructured polymers and polymer nanocomposites.

(Irshad & Sagar, 2022) Natural fibres have several benefits, including being cheap, renewable,
biodegradable, and eco-friendly. Jute, coir, kenaf, areca, sisal, bamboo, and so on are all examples of
natural fibres. A novel polymer composite material was developed using these fibres, which were
employed by several researchers. To improve the composites' richmechanical and thermal
characteristics, scientists have recently been looking into the creation of certain cutting-edge materials.
Hybrid composites are created by combining two or more fibres of varying types and orientations within
the same matrix to create a new material with desirable properties. When compared to its constituent
parts, this hybrid composite's mechanical and thermal qualities are superior.

(Behrens, 2016) Integrals over the space-dependent thermal conductivities may be used to directly
describe the average thermal conductivities of a lamellar composite. Only in the Wigner-
Seitz approximation and with a stepwise modification of the thermal conductivities inside the ele-
mentary cell can such clear expressions be derived for a filamentary composite. The average
thermal conductivity of a cubic symmetric composite, such as one with isotropic spherical inclusions in
a cubic lattice, is determined in the same way.

(Vaggar, 2021) Glass fibre reinforced epoxy resin composites have high strength and stiffness but
weak in thermal stability and readily degrades at high temperatures, much like polymers, which have
been discovered to have low thermal characteristics and low strength under high temperature settings.
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As a result, the thermal stability and thermal resistivity of glass fibre reinforced epoxy resin composites
may be improved by adding high thermal conductivity filler particles to these materials.

(Lattimer et al., n.d.) Some of these qualities need in-depth data analysis, and this process requires a
study of the experimental methods that have been utilised to produce them. Methods of verifying the
accuracy of the derived attributes are also explored. The morphology of a material may be seen in real
time during an experiment using an ESEM, which can help with the creation of constitutive models and
the creation of materials with decreased flammability.

Conclusion

In order to learn how well polymer hybrid composites hold up at low or high temperatures, it is necessary
to characterise their thermal properties. The decomposition temperature, the rise or reduction in thermal
conductivity value, and the fluctuations in CTE are all factors that may be taken into account when
studying the thermal characteristics and thermal characterisation of hybrid polymer composites with
different volume fractions of fillers. To manufacture hybrid composites, fillers are added to a composite
material to increase or enhance its thermal qualities without compromising the material's fundamental
strength. There are a number of factors that contribute to the increased difficulty of analysing the failure
of advanced composites. These include the fact that failure can occur either along or across the fiber, that
micro-level cracks can form in either the fibre or the matrix, and that fibre debonding from the matrix as
a result of exposure to a wide temperature range.
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Abstract

This study provides a comprehensive overview of how heat exchangers may be used to improve heat
transmission. Many advantages may be gained by using Process Integration to improve heat
transmission. As a first advantage, improved heat exchangers have smaller heat transfer areas for the
same heat duty. Second, the size of a particular heat exchanger doesn't have to be raised to enhance the
capacity for heat transmission. In this study, we provide a number of strategies for improving the
efficiency of shell-and-tube and compact heat exchangers. The techniques take into account the
exchanger's initial performance, the amount of surplus pressure drop capacity in the system, the
assessment of fouling factors, the usage of augmented surfaces, and the improvement of heat transfer.
The heat transfer an energy efficiency of heat exchangers are two areas where nanofluids show
tremendous promise for future development. Finally, the geometries tube inserts, baffles, tube
deformation, and fins might improve are addressed.

Keywords: Compact heat exchanger, Enhancements in heat exchanger, Nano fluid.

Introduction

In order to prevent the mixing of fluids of various temperatures, heat exchangers are used. No
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significant heat or work exchanges from the outside world are often seen in heat exchangers. Heat
exchangers have several practical uses, ranging from HVAC systems in homes to industrial chemical
processing and electricity generation. One way in which heat exchangers are distinct from mixing
chambers is that they do not let the two fluids to mix. When two fluids are separated by a wall, heat may
move between them through convection in both fluids and conduction along the wall. Heat transfer co-
efficient U is a useful metric to use in heat exchanger analysis since it summarises the combined impact
of all these factors.

Shell and Tube Heat Exchangers
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Fig.1: The schematic of a shell and tube heat exchanger

In shell-and-tube heat exchangers, hundreds or even thousands of tubes are packed tightly within a
shell at right angles to the shell's axis. For a heat exchanger to function more efficiently, the load must
be transferred, or the operating temperature must be brought closer to the design temperature. This may
be done without resorting to a drastic increase in area. Because of this limitation, the total heat transfer
coefficient, U, must be increased. The total heat transfer coefficient may be calculated by adjusting the
variables surface area (A), work (W), and motive power (T). Almost every heat exchanger design uses
this equation.

O =UAST

U is determined by the coefficients of heat transmission in the film (h), the thermal conductivity of
the metal (Kk), and the presence or absence of fouling (f). If the amount of U available is more than the
amount of U needed, the Anex changer should function properly. All heat transfer impediments are taken
into consideration in the accurate determination of U derived from the transport relationships. The
coating coefficients, thermal conductivity of the metal, and fouling are all factors in this resistance. U is
determined by using an area as the metric of choice. The region is typically the tubes' exteriors in shell-
and-tube heat exchangers.
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Compact Heat Exchanger

Area density refers to the surface area used for heat transfer as a percentage of the total volume of a
heat exchanger. In the heat exchanger industry, a compact heat exchanger has a heat transfer coefficient
() of 700 m2/m3 (or 200 ft2/ft3). By definition, a small heat exchanger will have a high "area density"
heat transfer surface. So, it has a lot of exposed area relative to its volume, making it good at dissipating
heat. A compact heat exchanger may or may not have a tiny footprint. Compact heat exchangers contain
a surface with a high area density to keep the size and weight of the unit to a minimum; without this
feature, the resultant units would be significantly larger and heavier. The performance of a heat
exchanger, denoted by the ratio g/Tmean, is optimised by the utilisation of compact surfaces while
adhering to tolerable mass and volume restrictions.

q
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One of the most important processes used in modern manufacturing, consumer goods, and machinery
is heat transfer between physical systems. In addition, a highly efficient and compact heat transfer system
is needed to transfer the necessary amount of heat from low-performance liquids. In order to enhance the
heat transmission and thermal characteristics of devices, it is common practise to apply additives to
liquids containing solid particles smaller than 100nm. This innovation may be found in nanofluids or
nanocomposites. Due to their low viscosity and high thermal conductivity, nanofluids are ideal for use
in heat exchange applications across different physical systems. Although nanoparticles in a base fluid
may move randomly, they are kept in a somewhat stable state by constant interaction with the medium's
molecules. Heat conductivity describes how easily one kind of material transfers heat to another. Because
of its greater conductivity compared to microfluids and other nanoparticle suspensions, nanofluid is the
preferred medium for thermal heat transfer applications.

Classifications of Heat Exchangers

To raise or lower the overall heat output of a system, heat exchangers are used. Whenever there is a
temperature differential between two fluids, heat is transferred between them.

The heat exchanger works by convection, where heat is transported from the wall surface to the cool
fluid below. Heat exchangers are not the same as mixers, and this must be stressed. In the latter, energy
is delivered by the mixing of the two fluid streams, either in a controlled volume or independently, such
that the combined stream exits the device.

It is possible to classify heat exchangers according to (a) the method of transfer, (b) the quantity of
fluids, (c) the method of construction, (d) the principle of heat transfer, (e) the compactness of the
surface, (f) the arrangement of the flow, and (g) the type of the surface. The recuperator is used when
energy transfer occurs between fluids of different temperatures flowing in a room separated by a thin,
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sturdy wall (a separating sheet), and the regenerator is a sort of heat exchanger in which heat is transferred
from a hot fluid to a cold fluid over the same surface at regular intervals determined by a control system.

¢ Nanotechnology in Heat Transfer

Increases in convection and thermal conductivity resulted from the incorporation of nanoparticles into
a base fluid. Sedimentation, erosion, clogging, and a decrease in high-pressure are only some of the
problems that have prevented this technology from being put into widespread usage. Improving thermal
transfer for fluid with a low concentration of nanoparticles entails raising the nanoparticles' heat
conductivity and turbulence. Carbon nanotubes, graphite, and nanofibers are examples of organic
functional materials, whereas inorganics include materials with dimensions more than 100 nm but less
than 1,000 nm. The former consists of materials like aluminium, zinc, iron, copper, aluminium oxide,
iron oxide, and titanium oxide, while the later is a kind of designed colloids that may replace conventional
heat transfer media in the near future.

o Enhancement techniques in plate heat exchangers

Multiple teams of researchers have looked at PHES to see whether they can improve the efficiency of
single-phase heat transfer via the use of enhancement methods. In particular, the majority of the research
used passive methods, with a primary emphasis on passive surface methods and nanofluids. Figure 2
displays the proportion of studies (66 journal and conference papers published between 1999 and 2018)
that focused on heat transfer patterns, enhancing approaches, and research methodologies. Additional
benefits, such as reduced pressure drop and improved heat transfer performance, are also assessed in
these experiments. Here, we provide a summary of the many methods used to improve heat transmission
in PHEs, including passive surface approaches, nanofluids, and others (the active techniques and other
passive techniques different from passive surface techniques and nanofluids).
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Single-phase Nanofluids 56%

92%

Others 7%

Two-phase
8%

Passive surface 37%

(a) (b)

Experimental
75%

Numerical
25%

(c)

Figure 2 The percentages of the studies related to the heat transfer enhancement in (a) single-phase
and two-phase and (b) enhancement techniques.

e Single-phase enhancement Diverse

Multiple passive surface shape/configuration proposals and implementations have been made to
improve single-phase heat transmission in PHESs. Such passive methods often involve modifying the
plate's surface in one of three ways: Surfaces that have been embossed, corrugated twice, or roughened
are all considered to be Type | surfaces.

Flow
direction

Figure 3 Schematics of a capsule-type PHE



Dr.Vimal Sagar et. al.

The first category of surfaces is distinguished by a pattern of separate embossings arranged in a grid,
giving the impression of a finned plate. One plate may have both a concave and a convex embossing
surface, and these two surfaces are staggered from one another. A PHE shown in diagrammatic form
(see Figure 3) demonstrating capsule-style embossing. Compared to traditional chevron corrugation
PHEs, capsule embossing structures like these have the benefits of less deposit and fouling, decreased
pressure loss, and simple cleaning and maintenance. For usage with very viscous fluids, the authors
created a PHE in capsule form, which is widely used in the petroleum sector. The plate channel was
modelled numerically using a shear-stress transport k- turbulent model to examine both the flow of a
single phase and the heat transfer between the plates. Based on the numerical findings, capsule-type
PHESs have superior thermal-hydraulic performance compared to standard chevron corrugation PHEs.

Literature Review

(Elatharasan, 2020) The heat-transfer properties of a helical coil are investigated under different
boundary conditions. A variety of flow characteristics and their consequences are examined. Heat
transport properties are estimated through an experimental setup.

(Ayub, 2003) Heat transfer and fluid flow properties of these exchangers need immediate and
comprehensive study. In this regard, a literature review on plate heat exchangers is given as an effort.
Different pressure conditions in the system and plate chevron angles are taken into account in the new
correlations for the evaporation heat transfer coefficient and the friction factor.

(Rather & Yadav, 2019) STHX performance has been improved because to years of dedicated work
by many people. Among these initiatives is exploring different baffle options. Having so much room to
play with thanks to the many possible baffle configurations and baffle angles. Baffles may be set up in a
wide variety of ways, and each one has been shown to improve performance in a specific scenario.

(Kelvin et al., 2019) The goal of this effort is to increase understanding of the workings and potential
applications of nanotechnology in heat exchangers that deviate from the traditional design. This research
looks at heat exchanger experiments conducted over the last decade, the information gap between those
tests, and potential future uses of nanotechnology to address that knowledge gap.

(Zhang et al., 2019) Plate heat exchangers may be made more efficient by geometric optimization or
by using heat transfer improvement methods. The impact of chevron corrugation geometrical parameters
on plate heat exchanger performance, as well as the use of heat transfer enhancement methods in plate
heat exchangers, with an emphasis on passive surface approaches and the use of nanofluids, are reviewed
in detail in this study.

(Charate et al., 2015) As a first advantage, improved heat exchangers have smaller heat transfer areas
for the same heat duty. Second, the size of a particular heat exchanger doesn't have to be raised to enhance
the capacity for heat transmission.
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(Bode et al., 2021) Although many scientific research have touched on the topic, the impinging jet is
still poorly understood owing to the challenges of conducting extensive experimental and computational
examinations into the nature of the events outlined above. But both passive and active tactics are used to
improve heat transmission in impinging jet applications.

(Stone & Conditioning, 1996) The need to improve heat transmission is explained, and the basic
concepts of small heat exchangers are outlined. Following that is a discussion of how first and second
law analysis can be used to evaluate and compare different heat transfer enhancement devices.

(Bhagwan, 2021) Heat exchangers are commonly used in a variety of industrial and municipal
applications, including but not limited to: space heating, air conditioning, refrigeration, power
generation, chemical production, petrochemical processing, petroleum refining, natural gas processing,
and wastewater treatment. In the radiator of a car, hot water from the engine coolant transfers heat to the
air passing through the radiator, making the heat source the water itself.

(Musa & Wang, 2013)Shell-and-tube type of heat exchangers have been commonly and most
effectively used in Industries over the years. In this paper we see a review of Outline and Types of Heat
exchangers , Thermal Design and Mechanical Design by the use of ASME, TEMA standard take a case
study of Modern Shell & Tube type Heat exchanger.

Conclusion

The first thing to check is whether the exchanger is functioning properly to begin with. If possible,
increasing the pressure drop in single-phase heat exchangers is the next thing to think about. A speed
boost may be all that's needed to boost performance, since higher velocities lead to greater heat transfer
coefficients. After that, it's time to take a close look at the estimated fouling factors. With regular cleaning
and less cautious fouling causes, heat exchanger performance may be improved. When added to a
mixture, nano fluids, which are liquids containing well-dispersed metallic nanoparticles in small volume
fractions, improve the thermal conductivity of the whole above the values for the base fluids. Finally,
finned tubes, inserts, baffles, and the inculcation of Nano-fluids may all be viable options for improving
heat transmission under certain situations.

This article provides a summary of the single-phase correlations known for plate heat exchangers in
a manner that a working engineer may use for design and analysis. Suggestions for use in two-stage
implementations are provided. For both flooded and direct expansion evaporators, new correlations
between two-phase boiling and pressure drop are introduced. This article should be used as a springboard
for more study in this vital field. Plate exchangers' thermal and fluid flow characteristics must be studied
experimentally, and this includes the effects of plate geometry, chevron angle, chevron depth,
orientation, flow direction, flow distribution, inlet quality, feed ratio, outlet superheat, system
pressure, single and multi-pass configuration, refrigerant type, oil effect (miscible and non-miscible),
and end-plate effects.
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Abstract

The goal of thermal energy storage (TES) is to make thermal energy available for later use in heating,
cooling, and power production by transferring the energy from one medium to another by either heating
or cooling. TES systems have widespread use in the construction and manufacturing sectors. Here, we
examine TES technologies that may help increase the value of solar heat while decreasing building
energy use. Storage capacity estimation and the basic concepts of numerous energy storage technologies
are outlined. Storage solutions that are easy on the environment and your wallet are briefly discussed;
they include water tanks, subterranean storage, and packed-bed storage. Thermo-chemical storage and
latent-heat-storage systems using phase-change materials for solar space heating and cooling, heat-pump
systems, solar water heating, and concentrating solar power plants are also studied. Outstanding data on
the efficiency and cost of TES systems, as well as a short overview of cool thermal energy storage, are
provided.

Keywords: Compact heat exchanger, Enhancements in heat exchanger, Nano fluid.

Introduction

There are many different types of TES (Thermal Energy Storage) systems and uses for them. How
long it has to be stored for, how much it will cost, what temperature it needs to be used at, and how much
space you have available all play a role in determining which TES technology to use. The use of TES
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devices and systems in architectural planning and solar power production dates back many years, but
their implementation in the automotive sector did not begin until the late 1970s. The automobile sector
is ripe for TES's many possible uses. To begin with, the excess heat produced by a running engine may
be used to power a TES device. TES devices might also be used to provide heat during warm-up, further
reducing fuel use and emissions. The drivers won't need to wait around while the engine heats up.
Further, TES gadgets might be used in battery-operated hybrid and electric cars. Since batteries function
poorly when temperatures are low, a TES device for quick heating of batteries may be used to mitigate
the negative effects of cold weather on battery performance. In the end, a TES device may be utilised to
make rides more pleasant for everyone and help defrost windows. Before the inside of a vehicle to be
significantly warmed by the internal combustion engine, especially in cold weather, might take several
minutes. This problem would be exacerbated for electric cars because of their inability to generate high
temperatures. The efficiency with which cars function in the winter is substantially improved by TES
devices because to their ability to generate heat independently of other spaces.

Scientists are very interested in TES devices because of the potential they have to reduce harmful
effects on the environment and improve the effectiveness of energy usage. Thermal energy storage (TES)
devices are able to temporarily store heat in either a hot or cold medium. To close the gap between energy
supply and demand, this technology is crucial. The ability of TES devices to recycle energy for use in
driving energy systems has clear advantages in the field of renewable energy. They are also useful in
preventing the engine from not starting when it is chilly outside. Since TES has several possible uses in
the motor sector. To begin with, the excess heat produced by a running engine may be used to power a
TES device. TES devices might also be used to provide heat during warm-up, further reducing fuel use
and emissions. The drivers won't need to wait around while the engine heats up.

THERMAL ENERGY

STORAGE

I |
THERMAL CHEMICAL
| |
] || I

SENSIBLE LATENT THERMOCHEMICAL

Figure 1: Different types of thermal energy storage device
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Sensible Heat Thermal Energy Storage

Heat may be stored in a sensible heat storage device by either increasing or decreasing the
temperature of the storage medium. Devices that use sensitive heat TES capitalise on the material's heat
capacity and the temperature shift that occurs while charging and discharging. The capacity of a
sensible TES device is determined by the beginning and ultimate temperatures of the storage medium as
well as its mass and specific heat. Total stored heat may be calculated as:

Q=[,/ mCpdr
Q=mCp (T; = T;)

When it comes to storing sensible heat, water has proven to be the most effective medium so far. Due
to its inexpensive price and high heat capacity (4.2 kd/kg K), it is often utilised in devices that store
energy between 20 and 70 degrees Celsius. Water's excellent convective heat transfer properties as a
liquid storage medium also enable the storage device to handle larger rates of heat input and extraction.
Sensible heat TES devices have been employed in the automobile sector because of their ease of use and
inexpensive price. Common practise is to save some hot coolant for use during the cold start, while the
engine is otherwise idling. However, the following limitations make sensible heat storage systems poor
choices for permanent or automotive applications:

> Low energy storage density (~100 kJ/kg)
» Heavy insulation required to minimize heat loss to the ambient

» Non-isothermal behavior during charging and releasing processes

Thermochemical Energy Storage

For energy storage, thermochemical devices rely on a chemical reaction that can be reversed to release
stored energy. In a reversible chemical reaction, it accumulates heat throughout the dissociation process
and releases it during the exothermic phase. Although thermochemical storage's benefits have attracted
a lot of interest, the technology has yet to enter commercial development.

» No or low heat losses

» Long-term storage period

» Long distance transport possibility
>

Small storage volume
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CHARGING

STORING

Figure 2: Process of Thermochemical TES Cycle

Latent Heat Storage
Latent heat storage stands out as the most promising of the many possible ways to store thermal

energy. Energy is stored in phase change materials (PCMs) via the phase transition that occurs during
latent heat TES.

Phase

change
material

Paraffine el salt mettalics il
paraffine hydrates organic

Figure 3: List of most possible materials that may be used for latent heat storage.

Inorganic-
organic inorganic

Inorganic-

The endothermic process involves the substance changing from a solid to a liquid state as the
temperature rises. Reducing the temperature causes the substance to shift phase from liquid to solid,
resulting in a heat release. Since PCMs store energy as latent heat of fusion, the heat release mechanism
has little effect on the surrounding temperature. The energy storage process necessitates many phase
changes, including solid-solid, solid-liquid, solid-gas, and liquid-gas. It is the crystalline alteration of the
material that stores the energy during the solid-solid transition. The latent heat and volume changes
during this transformation are negligible. So, solid-solid PCMs benefit from more design freedom thanks
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to looser container restrictions. However, solid-liquid transition is significant in latent heat TES because
to its large energy storage density and much greater latent heat of fusion. Solid-gas and liquid-gas phase
transitions have a greater latent heat of fusion than solid-solid and liquid-liquid transitions, however the
substantial volume shift that occurs during the phase change process makes designing a practical storage
device more challenging.

Applications

» Collecting and storing heat from the sun was formerly the sole practical use of solar power;
this was accomplished by directing the sun's rays through a series of tubes within a solar
collector. When it comes to storing heat energy, this method is one of the more temporary
options that can be used for a specific task only temporarily.

» Using phase change materials to keep a building at a constant temperature requires first
creating a cavity in the wall and then applying a thin coating to keep the inside at a consistent
temperature for an extended length of time. It is possible to alter the temperature of a space
by applying an insulating coating to the inside or outside of a wall.

» In the 18th century, when artificial cooling was in short supply, people turned to the vapour
absorption refrigeration system, which involved heating ammonia with collected solar
radiation and then passing it through an evaporator chamber, where the vapour absorbed the
heat and lowered the temperature of the chamber. Food was preserved because the
temperature was so low compared to the surrounding air.

» Heat is reclaimed from combustion byproducts and used for secondary heating in the process
known as thermal energy recovery.

Cool Thermal Energy Storage

Recent research has focused on the potential of cool thermal energy storage (CTES) in commercial
and industrial refrigeration settings, particularly in process chilling, food preservation, and HVAC
applications. In the range of 5 to 15 degrees Celsius, sensible heat storage materials are superior than
latent heat storage materials, making them ideal for use in air cooling and refrigeration (ice storage) (like
water).

To balance energy supply and demand, CTES looks to be a viable option. An improved insulating
tank is necessary for cooling energy storage since the cool state's energy is more costly than the heat
state's. As part of their research, Cheralathan et al. looked at how well CTES worked with an industrial
refrigeration system. Costs of both capital and operation may be reduced by using integrated thermal
storage systems, as was pointed out by the authors. Compared to a chilled water system, the PCM-
based CTES system is far more compact. There are several benefits of incorporating CTES into energy
systems and buildings. When cooling storage is included into district cooling systems, CTES has the
potential to play a significant role in the control of peak demands and the solution of the intermittency
issue of renewable energy sources.(Sarbu & Sebarchievici, 2018)
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TES may also make use of the sorption phenomena. Dissociation (an endothermic process) is then
facilitated by the application of heat, and the components of the working pair may be kept in separate
storage containers. Again, they generate heat upon contact (exothermic process). Since heat is not stored
in a perceptible or latent form but as potential energy, it may be held with little loss as long as the
components are maintained apart.

Literature Review

(Kumar & Shukla, 2015) The low density of solar radiation at Earth's surface, and its erratic character
depending on the time of day and season, are major contributors to these kinds of problems. Solar thermal
power applications would benefit greatly from the addition of a solar energy storage unit in order to
avoid these problems.

(Chavan et al., 2018) Different types of characterisation research, experimental work, numerical
investigations, and patents are reviewed to assess the performance of storage systems. There have been
numerous techniques reviewed and discussed in order to improve thermal performance.

(Sarbu & Sebarchievici, 2018) TES systems have widespread use in the construction and
manufacturing sectors. Here, we examine TES technologies that may help increase the value of solar
heat while decreasing building energy use. Storage capacity estimation and the basic concepts of
numerous energy storage technologies are outlined.

(Prasad et al., 2019) New developments in these types of storage systems will be presented in this
review article. This paper will examine and debate the many forms of storage that have been invented,
including latent heat storage (LHS),thermochemical storage (TCS), and sensible heat storage (SHS)
(SHS). However, whereas SHS has been widely adopted and marketed, TCS is still in its infancy.

(Chavan et al., 2015) In this study, we examined the following three facets of the development of
thermal energy storage methods: Methods of storage, categorization, and uses.

(Avghad et al., 2016) Not only can energy storage help close the gap between supply and demand, but
it also improves the efficiency and dependability of power grids. It results in less wasted energy and
capital, which in turn saves money on premium fuels and improves the system's efficiency. Phase
change materials (PCMs) are becoming more popular for storing thermal energy because of the
significant role they play in achieving energy savings in buildings while maintaining thermal comfort.

(Kampouris et al., 2020) It may aid in the reduction of emissions across several economic sectors and
assist to the efficient use of generating and grid assets. By supporting energy security, a robust internal
energy market, and the effective integration of additional carbon-cutting renewables, energy storage may
assist the European Union (EU) achieve its goals for efficient energy usage.

(Moldgy & Parameshwaran, 2017) Solar power production, however, is impractical due to issues
including poor energy density, volatility in energy output, and supply-demand mismatch. In this study,
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we give a review and presentation of current advancements in solar thermal and solar photovoltaic
systems using thermal energy storage (TES) for heating applications.

(Lebedev et al., 2018) Due to the intermittent nature of many renewable energy sources and the
depletion of certain energy sources, it is crucial that advances in energy storage technology be made in
order to effectively convert and use the energy that is currently accessible. Phase change materials
(PCMs) are an exciting new development in the field of thermal energy storage. We provide a
categorization of phase-change materials. One of the necessary significant aspects is the shape of the
container holding the PCM.

(Sood et al., 2022) As a consequence of employing a smaller engine with a lower total energy
conversion, there will be less heat available to warm up the passenger compartment and the engine, but
this may be mitigated with the use of modern technologies, such as exhaust conditioning devices and
design modifications. A rising importance in society is being given to the contribution it has made to
raising the living standard.

Conclusion

This research concludes the following:

1. Latent heat TES devices are most useful for storing excess heat produced by an
automobile engine during operation; this heat may then be used to preheat the engine before
it is started, even in low temperatures.

2. To improve upon the qualities of single PCMs like paraffin wax etc., composite PCMs are
used. A more effective thermal energy storage unit may be developed if composite phase
transition materials are given the attention they deserve.

3. A system for storing thermal energy using latent heat can hold anywhere from 5-14 times as
much heat as a system for storing thermal energy using sensible heat.

4. For the best possible thermal energy storage unit, it is crucial to carefully select the phase
change material (PCM) and ensure that it is compatible with the containment in which the
PCM will be encased.

SHS may be used for home heating, community heating networks, and commercial and industrial
applications. Water is the most widely used and well commercialised heat storage medium because of
its many useful uses in both domestic and industrial settings. Sensible heat is stored underground in
liquid and solid mediums for generally large-scale uses. However, the storage capacity of SHS-based
TES devices is limited by the storage medium's specific heat. In addition, SHS systems need to be
thoughtfully designed so that they can release thermal energy at stable temperatures.

Latent heat from a phase transition may be used to increase the storage capacity of phase change
materials (PCMs). Because the phase change temperature remains constant, PCMs also allow for a
temperature-targeted discharging process. Thermo-physical concerns, melting point, and latent heat
of fusion are the three most fundamental criteria affecting the selection of PCMs for any given
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application. Among the most important criteria for being chosen are a high heat of fusion and a consistent
melting/solidification temperature (without subcooling). An improved heat transfer rate has been
obtained via a number of promising mechanical and nano-level improvements. Micro-encapsulation is
an answer to the problem of phase segregation in salt hydrates, since it increases the surface area
available for heat transmission.

The vast majority of published works deal with commonplace and commercially available PCM
substances like paraffin. Synthesizing specialised PCMs appropriate for certain construction applications
and concentrating on those with a broad temperature range, such as salt hydrates, are both something we
think should be prioritised.
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Abstract

A solar thermal system's efficiency, cost, and dependability are all significantly impacted by the heat
transfer fluids used in the system. In this study, we use a novel figure of merit that takes into account the
fluid's thermal storage capacity, its convective heat transfer properties, and its hydraulic performance to
rank different types of heat transfer fluids including oils and molten salts. Safety, freezing point, and
thermal stability considerations are also covered. Using a comparative study, we look at the advantages
and disadvantages of several fluids for use in solar thermal heat transfer systems, such as water-steam
combinations (direct steam), ionic liquids/melts, and suspensions of nanoparticles (nanofluids).

Keywords: Fluid transport, Thermal fluid system, Nano fluid.

Introduction

Depending on the specific application, heat transfer fluids may be used to collect and transmit heat
from solar absorbers, store thermal energy in an intermediate form to buffer the diurnal nature of solar
radiation, or exchange heat with the power cycle to generate electricity. Many performance and practical
restrictions affect the selection of heat transfer fluid due to the wide variety of uses for which they are
used. Concentrated solar power (CSP) systems necessitate heat transfer fluids with specific properties,
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including low freezing points (near room temperature) to prevent freeze-ups during the night, high
operating temperatures (>4000C) to boost power cycle efficiency and low vapour pressures at
high temperatures to cut down on labour costs. Fluids are preferred for heat transmission if they meet
the following criteria: low viscosity, high volumetric heat capacity, and high thermal conductivity. They
should not harm the ecosystem, not corrode, be risk-free to use, and not break the bank, among other
desirable qualities. There is still a lot of work being done in the field of solar heat transfer fluid
development since pure substances and regularly used fluids like synthetic oils and molten salts seldom
match all of the practical and performance requirements. Common areas of study include composite
fluids, including suspensions of submicron-sized solid particles in liquids, and mixtures, like multi-
component salts (i.e., nanofluids). In recent years, considerable advancements have been made in the
study of mixes and composite fluids, which may lead to major improvements in solar thermal
applications.

Transport properties of fluids

Mass, energy, or momentum may be transferred from one part of a material to another as a result of
temperature, composition, or velocity gradients, all of which are considered transport processes.
Isolating a sample from its environment when chemical composition, temperature, or velocity varies
leads to the transport mechanisms acting to finally make the sample uniform across these dimensions.
These transport mechanisms are also known as non-equilibrium processes due to the need for a non-
uniform condition to create them. After being cut off from its environment, a material will eventually
reach equilibrium with itself, and the pace at which this happens is determined by its transport qualities
and the magnitude of the initial gradient of the quantity being equilibrated, in this case temperature. The
regulations that regulate transport procedures are quite straightforward for a vast category of items.
Although many transport qualities exist in theory, only three are really significant from a scientific and
technological perspective. Mass, momentum, and energy movement are all governed by these three
guantities: diffusion coefficient, viscosity, and thermal conductivity.

Importance of Transport Properties

How rapidly, for instance, a fluid moving through a heated pipe may be heated is characterised by the
speed of the transport processes outlined above, and hence the magnitude of the transport qualities. In
Figure 1, we see how heat is delivered to a fluid travelling over a plate maintained at a constant
temperature throughout its length by means of (energy) conduction in the direction of the steepest
temperature gradient perpendicular to the wall.

It's obvious that, at a certain perpendicular distance from the plate, the fluid temperature rises the
farther down the plate it flows. So, if we wanted to get the fluid up to a certain temperature, we'd have
to specify the plate's length of time in degrees Celsius. Adjusting the fluid's parameters (here, its thermal
conductivity) would result in a change to the necessary plate length.
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This is an illustration of a heat exchanger, a typical component of industrial chemical plants and
residential water heaters. Of course, in reality, this idea is refined quite a bit, but it still holds true that
the size of the heat exchanger needed to attain a certain condition for the fluid is determined by the latter's
transport qualities. This is why, from a home water heater to a methanol synthesis reactor in a chemical
plant, the transport qualities of liquids and gases, among other quantities, are essential for the effective
and efficient design of any piece of machinery.

Heated
liquid

Cold
liquid

Hot plate

Figure 1. Cold liquid heated by passage over a hot plate
Motivation of Improving Thermal Conductivity of Fluids

There has been undeniable growth in the electronics, communication, and auto-computing sectors in
recent years, and this trend will continue into the 21st century. Today's rapidly evolving technologies
have introduced a new challenge: the need to effectively cool mechanical, electrical, and electronic
components. Heat dissipation demands are rising as microelectronic devices get quicker and smaller, as
engines provide more power, and as optical equipment produce brighter beams. However, although
radiation, conduction, and convection may all be utilised for cooling, the use of fluids to harness the high
heat flow associated with boiling and convection is among the most popular and efficient strategies. Heat
transfer fluids are used in a wide variety of commercial and non-commercial settings, including as
automobiles, aeroplanes, power plants, air conditioners, computer and electronic components, and more.
However, the design of cooling systems is constrained by the heat transfer fluids' poor thermal
conductivity. As equipment power increases while size decreases, thermal management has risen to the
forefront of technological issues and component design priorities. Improving the heat transfer
capabilities of the fluids and building innovative cooling devices (such as expanding the surface through
fins, microchannels, integrated spot cooling, and miniaturised cryodevices) are two strategies to satisfy
the cooling needs. However, there is a limit to how much improvement in heat transmission can be
achieved by the use of more traditional means, such as improving the design of cooling systems. There
is an immediate need for novel heat transfer fluids with improved thermal conductivity and cooling
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capacity due to the rising efficiency standards for machines and other equipment. Traditional heat
transfer fluids are being studied and developed to enhance their heat-transporting characteristics.

Thermally conductive liquid metals have been the subject of intense study because of their unique
heat transfer properties. Certain subfields of engineering that deal with very high heat fluxes make use
of liquid metals as heat transfer fluids. Nuclear engineering, for instance, frequently necessitates rapid
heat removal from reactors. In order to get the largest possible thermodynamic advantage, liquid metal
is also employed in gas turbines, where the requirement for efficient blade-cooling systems is as
significant as it has ever been. A hallmark of liquid metals is their exceptional heat conductivity, setting
them apart from more common HTFs like water, oils, and glycols.

Heat Transfer Coefficient

By developing semi-empirical correlations for various flow regimes, the total heat transfer
performance may be calculated based on the predicted flow patterns. Correlations for convective heat
transfer have been created by researchers for saturated flow boiling within horizontal tubes at high
Reynolds numbers.

Single-phase convective heat transfer is used to heat feed-water or superheated vapour as it flows into
or out of the tube. The Dittus-Boelter correlation may be used to calculate the heat transfer coefficient in
this preheating or superheated region. The flow pattern may be identified after the phase transition has
taken place. Since flow must quicken in response to a drop in fluid density during vaporisation, the rise
in the heat transfer coefficient in the stratified flow zone is mostly attributable to the augmentation of
convective heat transfer. Shah outlined the process by which the convective heat transfer coefficient in
single-phase flow is multiplied by an enhancement factor to arrive at the stratified flow heat transfer
coefficient:
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Nanofluid
When applied to many fields of science and engineering, nanotechnology has the ability to bring about

revolutionary breakthroughs that are now beyond the reach of existing technologies. Many subfields of
chemistry, electrochemistry, and biomedicine are included under the umbrella term "nanotechnology.”
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Among the various technical uses for nanotechnology, heat transfer and electrocatalysis are only two
examples of how useful nanofluids may be.

Dilutions of functionalized nanoparticles with a diameter of less than 100 nm are known as nanofluids.
When these nanoparticles are diluted into the process fluid, they dramatically alter the fluid's thermal
and viscosity characteristics. Research conducted in the past has shown that the incorporation of micro
particles into various processes significantly improves heat transmission.

In this research, we investigate the combined effects of temperature and viscosity on nanofluids. The
effective viscosity and effective thermal conductivity of nanofluids, among other transport parameters,
are the primary research interests. Past academics' transport models were compared across a wide range
of theoretical and practical experiments.

Advantages of nanofluid

An increase in heat transfer is observed for a relatively low nanoparticle volume fraction. The benefits
of nanofluid and the reasons for this improved heat transfer are still being studied by scientists. According
to the findings of numerous studies,

» The nanoparticles boost the fluid's effective thermal conductivity. The volume fraction of
nanoparticles affects their effective thermal conductivity. As the nanoparticle volume fraction
grows, so does this effect.

» With a larger surface area, nanoparticles are able to interact with the surrounding fluid more
strongly.

» By generating Brownian movements, the distributed nanoparticles enhance the interaction
and collision rates between the fluid and the particles.

» The nanoparticles dispersed throughout the system heighten the turbulence and the mixing
fluctuation.

» When compared to pumping power required for a base fluid to achieve the same level of heat
transfer, the latter is preferable.

» Using nanofluid, solar energy absorption may be improved.

» Compared to other colloid suspensions, it has more stability.

Techniques of enhancing nanofluid stability

A digital density metre or similar laboratory density and concentration measurement equipment may
provide three-digit precision for measuring the density of nanofluid over time. Specimens of nanofluid
are kept in a temperature-controlled bath of circulating fluid and their densities are measured under a
variety of operating conditions. However, before measuring the target nanofluid, one must first calibrate
and perform a benchmark test.
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The density of various nanofluids was measured by certain researchers using an Anton-Paar digital
density metre. A variety of techniques have been developed to improve the stability of nano- fluids.
Some of the most noteworthy techniques include sonication and the addition of a dispersant. The least
expensive solution is the addition of a dispersant.

Literature Review

(Javvadi et al., 2020) Despite extensive theoretical and experimental research, scientists still don't
fully understand its complex operational mechanism, which involves a coupling effect between
hydrodynamics and thermodynamics. The report provides a high-level overview of the thermo-hydro
dynamic features of this apparatus. This article will provide a quick overview of tube cross-section,
working fluid volume, and internal diameter.

(Vivar & Everett, 2014) Different fluid characteristics are needed for various functions, including heat
transport, optical adaptation, spectrum filtering, and so on. In this survey, we take a look at the liquids
needed by solar concentrators that use active cooling.

(Hodel, 2004) We use a novel figure of merit to compare the thermal storage capacity, convective heat
transfer properties, and hydraulic performance of different heat transfer fluids such as oils and molten
salts. Safety, freezing point, and thermal stability considerations are also covered.

(Ali & Salam, 2020) Different effects, including particle size, shape, surfactant, temperature, etc., on
thermal conductivity were given, as were the thermophysical and heat transmission properties of
nanofluid. Possible uses of nanofluids are highlighted in the current research, including those in heat
exchangers, transportation cooling, electronic equipment cooling, refrigeration, transformer oil,
industrial cooling, the nuclear system, machining operations, solar energy and desalination, military, and
more. Only a few of the difficulties and obstacles were dealt with.

(Han, 2008) The inefficient transport of heat is mostly due to the poor thermal conductivity of heat
transfer fluids. Research has been conducted to try to enhance the thermal transport qualities of the fluids
by introducing more thermally conductive particles into liquids, since the efficiency of expanding
surfaces and revamping heat exchange devices to raise the heat transfer rate has reached a limit.

(Umer et al., 2012) When nanoparticles are present, the effective transport qualities of the fluid as a
bulk material might change dramatically. Understanding how the inclusion of nanoparticles alters fluid
dynamics requires both experimental and theoretical research. In this study, we provide a concise
overview of the impacts of nanofluids on both viscous and thermal transport.

(McKay & Franklin, 2011) Unfortunately, thermal fluid system incidents are more prevalent than we
may think and can have devastating consequences. Recent occurrences have re-emphasized the need of
taking precautions against fire and explosion while working with thermal fluid systems. About 4,000
businesses in the UK use thermal fluid systems, therefore these accidents affect them directly.
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(Schmidt et al., 2003) This class is the last of a trilogy covering the principles of thermodynamics,
fluid mechanics and heat transport. Its goal is to help students gain a more thorough understanding of
the concepts introduced in the introductory courses, broaden their understanding of certain topics, and
better connect the fundamentals to real-world engineering applications.

(Mylona et al., 2014) We stress the magnitude of the challenge posed by meeting that demand over a
broad temperature and pressure range for a growing number of pure components and their combinations
as industrial products have gotten more complex.

Conclusion

The impact of nanoparticles on fluid transport characteristics is briefly discussed in this work.
Previous investigations are reviewed, and the available experimental and theoretical correlations/models
for nanofluid transport characteristics are examined. It has been proven analytically and experimentally
that different types of nanoparticles, sizes of nanoparticles, volumes of nanoparticles, and fluid types all
have different effects on transport characteristics.

One of the key physical parameters used in engineering equations is density. Previous research has
shown that increasing the nanoparticle volume fraction in a nanofluid results in a higher effective density.
Studies have shown that the effective viscosity of nanofluids grows with particle dimension and particle
concentration but shrinks with temperature. In terms of effective thermal conductivity, nanofluids exhibit
an increase when particle concentration and temperature are raised. Previous research has shown that
when temperature increases, the effective specific heat capacity of nanofluids decreases as more and
more particles are diluted out of solution.

The settling of nanoparticles in the fluid, as documented by several studies, has a negative impact on
process efficiency. Therefore, in certain applications, the addition of suspension ingredients at low
concentrations or enough agitation is essential. Nanofluids' use is mostly determined by their stability
and the relative ease with which they may be manufactured. There is a lack of understanding of the many
fluids (two or more) that must be combined with nanoparticles for a variety of industrial applications.
We know very little about nanoparticles in binary or tertiary combinations.

Industrial cooling applications, such as in the electric power sector, are already making use of
nanofluids, which effectively save energy and lower emissions. Nanofluids play a crucial function in the
tyre industry by rapidly cooling the rubber after processing. Besides these examples, nanofluids have
found employment in nuclear reactors, the extraction of geothermal electricity, and in many automobile
applications. If we can find a way to slow the rate at which nanoparticles settle out of fluids, we can
reduce the amount of energy needed to transfer heat between them.
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