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Giinlimiizde termal sistemler en kritik teknik altyapilarin baginda gelmektedir. Bu
tir sistemlerde termal performans: en lst diizeye ¢ikarmak ig¢in arastirmacilar, 1s1
aktarimini artirmaya yonelik cesitli yontemler arastirdi ve gelistirdi. Geleneksel 1s1
esanjOrlerinin 1s1 transfer hizlan c¢esitli yiizey gelistirme teknikleri kullanilarak
tyilestirilebilir. Is1 transferindeki bu artistan gelistirilmis ylizey kosullar1 sorumludur.
Sinir tabakasi bu kosullar altinda olusamaz; tiirbiilans seviyesi yiikselir, 1s1 transfer alani
artar ve ikincil akislar olusur.

Is1 esanjorleri endiistrilerde 1s1 ¢ikarma ve geri kazanim sistemlerinde temel
tiniteler olarak yaygin sekilde kullanilmaktadir. Yiiksek performansli 1s1 transfer sistemi
bircok endiistriyel uygulamada biiylik 6nem tasimaktadir. Cesitli giiclendirme teknikleri,
1s1 esanjorlerin performansin1 6nemli Slgiide artirabilir. Meveut calisma, diiz boruya
kiyasla daha yiiksek bir 1s1 transfer hizina yol agan 1sitma dagilimini iyilestirmek icin ¢ift
borulu bir 1s1 esanjorde dis i¢ boruya takilan uzatilmis yilizeylerin kullanildigini rapor
etmektedir. Calisma akiskani olarak aliimina nanoakiskanin kullanildig: ¢ift borulu bir 1s1
esanjorde 1s1 transfer katsayisi, duvar sicakligi ve termal iyilestirme faktorii 6zellikleri
(Nu) sayisal olarak incelenmistir. Testler hem laminer hem de tiirbiilansh akis Reynolds
sayist araliklar1 i¢in gergeklestirilir. Diliz boru ve diiz uzatilmis yiizeye iligkin sayisal
veriler, literatirde mevcut olan standart verilerle dogrulanmuistir.

Bu calismada, ¢ift borulu bir 1s1 esanjorii karst akiginda hacimece ¢ = 1, 3, 5%
konsantrasyonlarinda damitilmig su ve metal oksit nanoakiskan tipi Al,O3'lin akis1 ve 1s1
transfer Ozelliklerinin 1iyilestirilmesi incelenmistir. Test boliimii ¢ift borulu bir 1s1
esanjordir. 150 cm uzunlugunda esmerkezli borulardan yapilmustir. i¢ boru olarak dis ¢ap1
(22.12 mm) olan bir bakir boru, dis boru olarak ise dis ¢ap1 (54.12 mm) olan bir bakir
boru sec¢ilmistir. Sicak akigskan i¢ boruda akarken sogutma akiskani halka i¢inde akar.
Sicak akigkanin kullanilan giris sicakligr (25°C) olup, Reynolds sayilar1 250 ila 2500
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arasinda degisirken, soguk suyun akisi, halka boyunca 0.03 ila 0,07 kg/sn arasinda
degisen kiitle akis hizlarina sahiptir.

Cift borulu 1s1 esanjorii ANSYS’te Fluent kullanilarak simiile edilmistir.
Tiirbiilansin etkisini gdstermek i¢in iki tagima denklemi (k-€) modelinin ¢dziimiinii iceren
bir model kullanilmis ve ii¢ boyutlu geometri olusturulmustur. ANSYS versiyonu (20),
sabit giris sicakliginda su veya nanoakiskan durumu i¢in 1s1 esanjoriini simiile etti.

Sonuglar, sudan nanoakiskana dogru hareket ettikce akiskanin sicakliginin
artigin1 gdstermektedir. I¢ boru boyunca ortalama sicaklik genel olarak akis hizinin
artmasiyla sabit kalir. Ayrica akiskan ozelliklerindeki degisiklik Nusselt sayisinin
degerlerini de arttirir. Nanoakiskan, Prandtl sayisinin yiiksek olmasi nedeniyle diger
calisma akiskanlar1 arasinda hacim konsantrasyonu (%S5) ve akis hizinda (0.07 kg/s) en
yiiksek Nusselt sayisina sahiptir. Boyuna kanatc¢iklarin ve nanoakigkanin varligi, tek
basina kanatgiklarin varligina gore daha Onemli bir Nusselt sayisina sahiptir.
Nanoakigkan i¢in Nusselt sayist artan konsantrasyonla birlikte artar (,= 1, 3 ve %05).
Konsantrasyon arttik¢a Nusselt sayis1 20'ye yiikselir (,= %5, Re=2500). Nusselt sayisi ile
Reynolds sayisi arasindaki korelasyonlar, kullanilan her ¢alisma akigskani igin giic
yontemi kullanilarak yapilir.

Mevcut 1s1 esanjorde i¢ borunun dis ylizeyine kanatciklar eklendiginde 1s1
iletimindeki iyilesme goriilmektedir. Bu gelisme, diiz boruya gore sirasiyla (2.3 ila 3.1)
ve (1.6 ila 2) kat1 olan 1s1 yayilimi ve soguk su 1s1 transfer katsayisi degerlerinde
goriilmektedir. Soguk su tarafindaki sicaklik farki, sicak suyun Reynolds sayisiyla
dogrudan iliskilidir ve soguk suyun kiitlesel debisi arttikga %57'lik bir azalma yasanir.
Ayrica elde edilen sayisal sonuglarin agik literatiir sonuclariyla karsilastirilmasini iceren
karsilastirmalar da iyi bir uyum gostermektedir.

Anahtar Kelimeler: Akiskan akisi, HAD, Is1 degistirici, Nanoakigskan
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These days, thermal systems are among the most essential technical
infrastructures. In order to maximize thermal performance in such systems, researchers
have explored and developed several methods for enhancing heat transport. Traditional
heat exchangers may have their heat transfer rate improved by using several surface
enhancement techniques. The enhanced surface conditions are responsible for this
increase in heat transfer. The boundary layer cannot form under these conditions. The
turbulence level rises, the heat transfer area increases, and secondary flows are generated.

Heat exchangers are widely used as essential units in industries' heat-extracting
and recovering systems. High-performance heat transfer system is of great importance in
many industrial applications. The performance of heat exchangers can be substantially
improved by several augmentation techniques. The present work reported using extended
surfaces fitted on the outer internal tube in a double pipe heat exchanger to improve the
heating dissipation, leading to a higher heat transfer rate than the plain tube. Heat transfer
coefficient, wall temperature and thermal enhancement factor characteristics (Nu) in a
double pipe heat exchanger using alumina nanofluid as working fluid are investigated
numerically. Tests are performed for both laminar and turbulent flow Reynolds number
ranges. The numerical data for a plain tube and plain-extended surface are validated with
the standard data available in the literature.

In the present work, the flow and the enhancement of heat transfer characteristics
of distilled water and metal oxide nanofluid type Al>Os3 at concentrations of ¢ = 1, 3, 5%
by volume in a double pipe heat exchanger counter flow have been studied. The test
section is a double-pipe heat exchanger. It is constructed from concentric tubes with 150
cm in length. A copper tube with an outer diameter of (22.12mm) was chosen as the inner
tube and a copper tube with an outer diameter of (54.12mm). The hot fluid flows in the
inner tube while the cooling fluid flows in the annulus. The used inlet temperature of hot
fluid is (25°C) with Reynolds numbers ranging from 250 to 2500, while cold water flows
with mass flow rates ranging from 0.03 to 0.07 kg/sec through annuli.
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The double-pipe heat exchanger is simulated using Fluent under ANSYS. To
demonstrate the effect of the turbulence, a model that involves the solution of two
transport equations (k-g¢) model is used, and three-dimensional geometry is generated.
ANSYS version (20) simulates the heat exchanger for the case of water or nanofluid at
constant inlet temperature.

The results show that the temperature of fluid increases as it moves from the water
to the nanofluid. At the same time, the average temperature along the inner pipe remains
constant with the increase in flow rate. Also, the change in fluid properties increases the
values of the Nusselt number. The nanofluid has the highest Nusselt number at volume
concentration (5%) and flow rate (0.07 kg/s) among the other working fluids due to the
high Prandtl number. The presence of longitudinal fins and nanofluid has a Nusselt
number more significant than that for the presence of fins alone.

For nanofluid, the Nusselt number increases with increasing concentration (p=1,
3 and 5%). As the concentration increases, the Nusselt number increases to (20) at

(@=5%, Re=2500). Correlations between the Nusselt number and Reynolds number are
made using the power method for each of the working fluids used.

The improvement in heat transmission is seen when fins are added to the outer
surface of the inner tube in the current heat exchanger. This improvement is seen in the
heat dissipation and cold water heat transfer coefficient values (2.3 to 3.1) and (1.6 to 2)
times that of a smooth tube, respectively. The temperature difference on the cold water
side directly correlates with the Reynolds number of the hot water and experiences a
reduction of 57% as the mass flow rate of the cold water increases. Also, comparisons,
which include comparing the obtained numerical results with open literature results, show
a good agreement.

Keywords: Fluid flow, CFD, Heat exchanger, Nano fluid
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1. INTRODUCTION

These days, thermal systems are among the most important technical
infrastructures. In order to maximize thermal performance in such systems, researchers
have explored and developed a number of methods for enhancing heat transport.
Traditional heat exchangers may have their heat transfer rate improved by the use of
several surface enhancement techniques. The enhanced surface conditions are responsible
for this increase in heat transfer. The boundary layer cannot form under these conditions,
the turbulence level rises, the heat transfer area increases, and secondary flows are
generated.

1.1. Modes of Heat Transfer

Within the field of thermodynamics, heat transfer refers to the process by which
thermal energy is transferred from a body at a higher temperature to a body at a lower
temperature. The phenomenon of thermal energy transmission, commonly referred to as
heat transfer, occurs when an object or fluid is at a dissimilar temperature compared to its
surrounding environment or another entity. The process of heat exchange continues until
the organism and its surrounding environment reach thermal equilibrium. In accordance
with the second rule of thermodynamics, it is postulated that in the presence of a
temperature disparity between adjacent objects, the cessation of heat transfer is
unattainable, as it may solely be impeded. The phenomenon of energy transfer resulting
from a disparity in temperature is commonly referred to as heat. The field of research
concerned with the analysis and understanding of heat transfer focuses on quantifying the
rate at which this energy is exchanged. Heat is defined as the transfer of energy between
two systems that occurs due to a difference in temperature when they interact. The field
of heat transfer typically identifies three separate types of heat transport: conduction,
convection, and radiation. The three modes under consideration exhibit similarities in that
they all need the presence of a temperature differential and involve heat exchange
occurring in the direction of decreasing temperature. Each approach exhibits distinct
physical characteristics and is governed by unique governing principles (Shah & Sekulic,
2003).

1.1.1. Conduction heat transfer
When a temperature gradient is present inside a physical system, empirical

evidence indicates that there is a flow of energy from the region with higher temperature



to the region with lower temperature. It is commonly acknowledged that energy
transmission occurs through the process of conduction, whereby the rate of heat transfer
per unit area is directly proportional to the temperature gradient perpendicular to the
surface:

aT (1.2)

= —kA—

O ox
Where gx is the heat-transfer rate and 0T/0x is the temperature gradient in the
direction of the heat flow. The positive constant k is called the thermal conductivity of
the material, and the minus sign is inserted so that the second principle of thermodynamics
will be satisfied; i.e., heat must flow downhill on the temperature scale. Equation (1.1) is

called Fourier’s law of heat conduction (Dewan et al., 2004).

1.1.2. Convection heat transfer

Convection refers to the process by which energy is transferred between a solid
surface and a surrounding liquid or gas in motion. This mode of heat transfer encompasses
the combined influences of conduction and fluid motion. There is a direct correlation
between the speed of fluid motion and the magnitude of convection heat transfer. When
there is no significant movement of fluid, the transmission of heat between a solid surface
and the surrounding fluid occurs solely by conduction. The inclusion of fluid bulk motion
serves to augment the heat transfer occurring between the solid surface and the fluid.
However, it concurrently introduces complexities in the estimation of heat transfer rates.

To express the overall effect of convection, we use Newton’s law of cooling:
q = hA(T,, — Tw) (1.2)

Here the heat-transfer rate is related to the overall temperature difference between
the wall and fluid and the surface area A. The quantity h is called the convection heat-
transfer coefficient. An analytical calculation of h may be made for some systems. For
complex situations it must be determined experimentally. The heat-transfer coefficient is
sometimes called the film conductance because of its relation to the conduction process

in the thin stationary layer of fluid at the wall surface (Dewan et al., 2004).



1.1.3. Radiation Heat Transfer

Radiation refers to the release of energy by matter in the form of electromagnetic
waves, commonly known as photons, which occurs due to alterations in the electronic
configurations of atoms or molecules. In contrast to conduction and convection, the
process of energy transfer through radiation does not necessitate the existence of an
intermediary medium. In the field of heat transfer research, there is a focus on the
phenomenon of thermal radiation, which refers to the emission of radiation by objects
due to their respective temperatures (Dewan et al., 2004). This phenomenon has distinct
characteristics in comparison to other types of electromagnetic radiation, namely x-rays,
gamma rays, microwaves, radio waves, and television waves, which do not possess a
direct correlation with temperature. It is a well-established scientific fact that all objects
with a temperature greater than absolute zero have the ability to produce thermal
radiation. Thermodynamic principles indicate that an ideal thermal radiator, sometimes
referred to as a blackbody, will release energy at a rate that is directly proportional to the
fourth power of the absolute temperature of the object and directly proportional to its

surface area. Thus:
Gemitted = O-AT4 (13)

where o is the proportionality constant and is called the Stefan-Boltzmann
constant with the value of 5.669x108 W/m?, K*.

1.2. Heat Transfer Enhancement Methods

There are a number of techniques about how to improve heat transfer, including
the idea that increasing the surface area of the heat exchanger or the coefficient of thermal
conductivity between the fluid and the surface will result in a more efficient heat
exchange. Heat transfer enhancement, augmentation, or intensification refers to the
process of boosting the efficiency of heat transmission. A heat exchange's convective heat
transfer can be improved with the use of augmentation techniques by decreasing the
exchanger's thermal resistance. Although the heat transfer coefficient improves when heat
transfer enhancement techniques are used, the pressure drop also rises. Most commonly
used heat transfer fluids are conventional fluids like water, ethylene glycol, and engine
oil. There are many strategies for improving heat transmission, however traditional fluids'

poor performance limits those possibilities.



Heat transfer enhancement methods so far, the bulk of research on heat transfer
has concentrated on gaining an understanding of the process under normal conditions.
Recently, the need for more efficient heat transfer systems has raised interest in and
research into approaches that enhance or intensify heat transport (Warren, 1968). The
laboratory evaluation of these methods has progressed to the point where a number of
them may be assessed seriously for application to commercial heat-exchange equipment.
These solutions enhance heat transfer, but often at the expense of higher pumping power,
externally supplied power to the system, increased expenditures, and/or increased weight.
Bergles and Morton (Bergles & Morton, 1965) provide a thorough analysis and
assessment of these techniques. Establishing broadly applicable selection criteria for the
employment of augmentative methods is one of the challenges. Given the number of
variables involved in the choice issue, this looks to be an almost insurmountable
challenge. In addition to economic considerations such as maintenance cost, development
cost, etc., other aspects such as reliability and safety are also relevant.

Heat transfer between single- and multi-phase gases and liquids has been
accomplished with the help of finned-tube heat exchangers. The barrier to heat
transmission on the air side is what limits the efficiency of a finned tube heat exchanger.
This is because the heat transfer coefficient from the air side to the liquid side is much
smaller. Therefore, fins are employed to enhance the surface area of the gas side of the
heat exchanger so that the thermal conductance on both sides are equal. Although

elliptical tubes are less frequent, circular and rectangular tubes are still employed in tube-

fin heat exchangers.

Figure 1.1. Longitudinal fins on ndividual tube (Shah & Sekulic, 2003)



1.2.1. Active heat transfer augmentation methods

These solutions are more complicated from an application and design standpoint
since they need an external power input to achieve the necessary flow modification and
increase in heat transfer rate. Electro-hydrodynamic enhanced boiling has gained a
significant deal of interest from academic and industry researchers due to its increased
potential for practical use. Refrigerants have been found to increase heat transfer
coefficients by up to 900 percent during pool boiling.

The necessity to construct trustworthy, low-cost transducers or power supply and
updated heat exchangers may limit the practical use of active techniques, notwithstanding
their efficiency in lowering wall superheat and/or boosting the critical heat flux. These
methods have not been as successful as passive ones since it is often difficult to offer
external power input. The following are examples of active methods (Bergles, 1998):

1. Rotating or wiping the heat transfer surface mechanically.

2. Suction or injection the working fluids.
3. Surface vibration and fluid vibration.
4

. Jet Impingement.

1.2.2. Passive heat transfer augmentation methods

The term "passive" refers to the fact that no additional energy is being added to
the system; rather, the energy required to improve heat transfer is drawn from the system's
total available energy. The loss of fluid pressure is an obvious drawback. The discussion
in this section follows the paper by Jacobi and Shah (1998) and also a work by Webb
(1987) and makes reference to a comprehensive summary of many basic design
geometries and experimental data of Kays and London (1998). Essential to these tactics
is the improvement of convective heat transfer, which may be achieved by the use of the
following concepts (Adrian & Allan, 2003):

1. Reducing the thickness of the thermal boundary layer.
2. Increasing the disruption of fluid flow.
3. Enhancing the velocity gradient close to the heat transfer wall.

This approach creates turbulence in most fluids and breaks the actual boundary
layer in order to enhance “the effective surface area, residence time, and therefore the
heat transfer coefficient” in the current system. The passive technique is classified as
(Bergles, 1998):

1. Treated Surfaces (Coating).



Extended Surfaces.

Displaced Insert Devices.

Swirl Flow Devices (Non-Movable).
Rough Surfaces.

Surface Tension Devices.

Additives for Liquids.
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Figure 1.2. Full length twisted tape as a passive technique (Chintan et al., 2012)

1.2.3. Hybrid heat transfer enhancement methods
Recall that compound augmentation includes the simultaneous use of two (or

more) approaches to achieve an enhancement that is greater than the sum of the
enhancements produced by the individual techniques. This technique involves complex
design and hence has limited applications (Bergles, 1998). Some examples of compound
techniques are given below:

1. Rough tube walls with twisted tape.

2. Rough cylinder with acoustic vibrations.
3. Externally finned tube with Nano fluid.
4

Fins and electric fields.



Figure 1.3. Acoustic induced vibration (Bergles, 1998)

1.3. Heat Exchanger Types

Heat exchangers are widely utilised equipment in several process sectors. Heat
exchangers are utilised for the purpose of facilitating the transfer of heat between two
distinct process streams. It is evident that the utilisation of a heat exchanger is necessary
for every operation involving cooling, heating, condensation, boiling, or evaporation.
Process fluids typically undergo heating or cooling prior to the commencement of the
process or undergo a phase transition. Heat exchangers are classified based on their
specific use. Heat exchangers that are utilised for the purpose of condensation are
commonly referred to as condensers. Similarly, heat exchangers that are employed for
boiling applications are commonly known as boilers. The performance and efficiency of
heat exchangers are evaluated based on the quantity of heat transferred while minimising
the heat transfer area and pressure drop. The evaluation of pressure drop and necessary
surface area for a given heat transfer rate offers valuable information regarding the
financial investment and operational energy consumption of a heat exchanger. Typically,
a wealth of literature and theoretical frameworks exist for the purpose of designing a heat
exchanger in accordance with specific specifications. There exists a wide variety of heat

exchangers (Gupta, 1986).

1.3.1. Shell and tube heat exchanger

The shell and tube heat exchanger is a commonly used heat transfer device in
applications with elevated pressures, typically reaching up to 552 bars. The heat
exchanger under consideration is a shell and tube type, which falls into the category of
indirect contact heat exchangers. The system is comprised of a sequence of conduits,
within which a fluid is transported. The shell serves as the enclosure for the shell fluid.



In general, the object exhibits a cylindrical morphology characterised by a circular cross-
sectional profile, however alternative shell geometries are employed in specialised
contexts. This study focuses on the utilisation of a one-pass shell, also known as a shell,
for the purposes of examination. The shell is widely utilised primarily because of its
affordability and simplicity, and it exhibits the largest correction factor for the log-mean
temperature difference (LMTD). While the tubes may possess either single or many

passes, it is important to note that there is a singular pass on the shell side.

Baffles

Figure 1.4. Shell and tube heat exchanger (Kakac & Lui, 2002)

Conversely, the other fluid circulates within the shell, passing over the tubes in
order to facilitate the process of heating or cooling. The fluids on the tube side and shell

side are physically segregated by means of a tube sheet (Kakac & Lui, 2002).

1.3.2. Welded plate heat exchangers

Welded plate heat exchangers are fabricated through the process of welding heat
transfer plates onto both the hot and cold fluid streams of the apparatus. This welding
technique offers a notable reduction in the overall cost associated with welding the
complete plate. Laser welding is commonly employed to join the plates of a gasketed
plate heat exchanger. The welding process occurs at the precise region where the gaskets
are typically positioned. Furthermore, this welding procedure encompasses the entire
diameter of the plat (Home - API Heat Transfer, 2023).

The utilisation of a welded plate heat exchanger is advantageous when handling
corrosive fluid streams as either the hot or cold fluid media. This is due to the inherent
resistance of the welded corrugated metal plates, which serve as the heat transfer media,
against wear and tear caused by corrosive fluids. Welded plate heat exchangers are
characterised by their compact size and robust construction, as they are designed without
the need for gaskets. This feature enables them to effectively function under extreme

temperature and pressure conditions. The materials employed in the production of the



plates encompass stainless steel, hastelloy, nickel-based alloys, titanium, and copper
(Shah & Sekulic, 2003).

Figure 1.5. Plate section of a welded plate heat exchanger (Home - APl Heat Transfer,
2023)

1.3.3. Lamella heat exchanger

The lamella heat exchanger consists of a series of parallel welded thin plates that,
when arranged longitudinally within a shell, create a rectangular channel. The lamellas
consist of paired thin flat plates that are typically equipped with gaskets in order to
mitigate the occurrence of leakages. The utilisation of this particular plate heat exchanger
is commonly observed in the pulp-paper and chemical process sectors for the purpose of
reclaiming process heat. The operational pressures range up to 3.45 mega Pascal (MPa),

while the temperature limitations fall within the range of 200 degrees Celsius to 500°C
(Kakac & Lui, 2002).

Fluid 2

Fluid 1

Figure 1.6. Cross section of the Lamella heat exchanger (Home - API Heat Transfer,
2023)



1.3.4. Finned tube Heat Exchanger

Using finned tube heat exchangers, gases and liquids in a single or two-phase
system may be heated to different temperatures. The air side heat transfer resistance is
what limits the finned tube heat exchanger's performance. Air-side heat transfer
coefficients are much lower than liquid-side heat transfer coefficients.

On the gas side, fins are used to enhance surface area in order to achieve balanced
thermal conductance on both sides for the smallest possible heat exchanger. However,
elliptical tubes are also used. Fins are typically attached to the exterior of tubes, although
they can also be installed on the interior. Tight mechanical fits, tension winding, adhesive
bonding, soldering, brazing, welding, and extrusion are all used to secure them to the
tubes. The following are the several types of tube-fin exchangers based on the type of fin
they use:

1. Individually finned tube exchangers or tube exchangers with standard fins on
individual tubes.

2. Atube—fin exchanger with continuous flat fins. The fins might be flat, undulating,
or interrupted. The array of tubes may include tubes of various forms, including
round, oval, and rectangular.

3. Longitudinal fins on individual tubes.

The highest temperature is limited by the type of bonding, materials employed
and material thickness (Shah & Sekulic, 2003).

Figure 1.7. Finned tube heat exchanger (radiator) (Shah & Sekulic, 2003)

1.3.5. Double pipe heat exchanger

In a double-pipe heat exchanger, one smaller pipe is concentrically nested within
another, larger pipe, and both pipes include end fittings to control the flow of fluids
between the two pipes. Heat exchanger with two pipes is shown in Figure 1.4. In the
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configuration depicted, the inner pipe of the heat exchanger carries the hot process fluid,
which transfers its heat to the outside pipe, which carries the cooling water.

Lo Fluid 2 out

. Hh . Fluid 1
lin h _%iut
Fluid 1 TR

in
Fluid2in T

Figure 1.8. Diagram of counter-flow double pipe heat exchangers (Bright Hub
Engineering, n.d.)

The double pipe heat exchangers are suited for applications that have relatively
low flow rates and high temperature or pressure. Other uses are sensible heating or
cooling of process fluids in applications where the heat transfer areas are small (up to 50
m?). The main advantages of using double pipe heat exchanger are:

1. Piping arrangement Flexibility

2. Quick and easy to maintain using standard components

3. Can handle high pressures and temperatures.

4. Economically feasible and less deliveries compared to other heat exchanger due
to its simple design and construction.

1.3.6. Double pipe heat exchanger applications

One major application of double pipe heat exchanger is in air cooled heat
exchangers, atmospheric air, like all low pressure gases, gives a very low heat transfer
coefficient at normal velocities. By contrast the tube- side fluid, usually a liquid to be
sensibly cooled or a vapour to be condensed may have a coefficient up to 100 times
higher, or even more. Therefore, double pipe heat exchangers are used in these
exchangers to reduce the overall size of exchanger required. Even so, some of these
installations cover several areas (Bell et al., 1984). The other applications are use in a
variety of sensible, condensing, and boiling services and heat exchangers especially in
shell and tube exchangers. A typical sensible heat transfer application would be cooling

a compressed gas in a compressor inter-cooler, using cooling water in the tubes. Double
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pipe heat exchangers are used for condensing organic vapours, which have condensing
coefficient only a third or a quarter of that of the cooling water inside the tubes. In addition
to providing additional heat transfer area, the fins provide drip points that facilitate the

drainage of the condensate.

1.4. Nano fluid technology

The second way for improving heat transmission is Nano fluid technology. Nano
fluid are a combination of base fluid and nanoparticles of metal suspended in suspension.
Nanoparticles are particles with a diameter between 0.1 and 100 nm. Metal or metal oxide
nanoparticles, such as Copper, Aluminum, and Titanium, are often found in Nano fluid.
When mixing with nanoparticles, typically a conductive fluid such as water or ethylene
glycol is utilized as the base fluid. This is because metals have a much higher thermal
conductivity per unit volume than liquids, and therefore adding nanoparticles to a fluid
increases its effective thermal conductivity and, as a result, its heat transfer rate. Above
the base fluid, thermal conductivity rises by 15% on average, whereas heat transfer
coefficient rises by 40%. Common oxide nanoparticles in heat transfer studies include
"Zinc Oxide (ZnQO), Copper Oxide (CuO), Aluminum Oxide (Al2O3), and Titanium Oxide
(TiO2)", whereas metal nanoparticles include "Gold (Ag), Silver (Au), and Copper (Cu)"
(Emily, 2008).

Figure 1.9. Mixing of nanoparticles with base fluid (Emil, 208)

1.4.1. Nanoparticle production

Nanoparticles may be produced by either a physical process or a chemical process.
Both methods are possible. The mechanical grinding technique and the inert gas
condensation method are both included in the physical procedures. Chemical

12



precipitation, spray pyrolysis, and thermal spraying are the processes that fall within the
category of chemical processes (Emily, 2008).
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Figure 1.10. The preparation process of Nano fluid

1.4.2. Shape and size of particle

Typically, the diameter of nanoparticles employed in Nano fluid production is less
than 100 nm. Particles might be spherical, rod-shaped, or tube-shaped. The particle size
has a considerable impact on the heat transfer coefficient. The increase in the surface area
of the nanoparticles that is exposed to heat transfer is responsible for the rise in the heat
transfer coefficient that occurs when the size of the nanoparticles is decreased. The Nano

fluid environment is dominated by the presence of spherical particles (Kevin, 2010).

1.4.3. Preparation of Nano fluid

The term "Nano fluid" does not only refer to the mixing of solid particles with a
base fluid. In order to make Nano fluid by dispersing nanoparticles in base fluid, it is
necessary to have a durable suspension, low or no agglomeration of particle, and no
chemical change in the fluid itself. Furthermore, it is necessary to have precise mixing
and particle stabilization (Kevin, 2010). In general, the stability of a suspension against
the sedimentation of nanoparticles may be achieved using the following three methods:

1. Controlling the particle suspension’s PH value.
2. Surface activator or surfactant additive.
3. Utilization of ultrasonic vibration.

Surfactants often employed in the manufacture of Nano fluids, such as
"Cetyltrimethyl Ammonium Bromide (CTAB), oleic acid, and sodium dodecyl sulfate
(SDS)", must be added without affecting the thermal characteristics of the Nano fluid.
The choice of surfactant depends mostly on the solution and nanoparticle characteristics
(Duangthongsuk & Wongwises, 2009).
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Figure 1.11 Ultrasonic cleaner (Emily, 2008)

However, there are primarily two processes utilized to create Nano fluid:

1. Single-Step Process: The one-step process simultaneously generates and disperses
nanoparticles in the base fluid, similar to the direct evaporation method developed by
(Duangthongsuk & Wongwises, 2009), and consists of a fluid-carrying revolving
cylinder. A source material is vaporized in the middle of the cylinder. When the vapor
touches the cooled liquid, it condenses seen in Figure 1.9. However, this method has
limitations in that it can only create a small amount of product and low vapor pressure
liquids must be used. Another single-step technique, "Submerged Arc Nanoparticle
Synthesis System (SANSS)", was created to create evenly distributed CuO nanoparticles

in a dielectric liquid (deionized water).

Resistively Heatés
Crucible

Liquid
Cooling System
Figure 1.12. One step Nano fluid preparation (Duangthongsuk & Wongwises, 2009)
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In concept, the approach generates a stable Nano fluid consisting of a copper rod
immersed in a dielectric liquid in a vacuum chamber. An appropriate electric power
source is utilized to create an arc between 6,000 and 12,000 degrees Celsius, which melts
and vaporizes the metal rod in the location where the arc was formed. Simultaneously,
the arc evaporates the deionized water. The vaporized metal passes through nucleation,
growth, and condensation, culminating in the dispersion of nanoparticles in deionized
water. It was possible to produce Nano fluids with CuO particles measuring 38.9 + 49.1
nm (Lee et al., 1999).

2. Two-Step Process: Considering the commercially accessible Nano powder offered by
a number of firms, its application in the manufacture of Nano fluid is widespread. In this
approach, nanoparticles were generated and subsequently disseminated throughout the
base fluids. In general, ultrasonic equipment is used to scatter particles extensively and
decrease particle agglomeration as compared to a single-step procedure. The two-step
technique works effectively with oxide nanoparticles but less so with metallic particles

unless ultrasonic equipment is used (Lo et al., 2005).

Ultrasonic equipment It may be used to pulverize animal and plant cells, viruses,
germs, and tissues, in addition to reshaping inorganic material. It is also applicable for
emulsification, separation, distribution, collection, cleaning, and Nano-material
preparation. In general, procedures such as adjusting the PH value, adding a dispersion,
and using ultrasonic vibration are used to generate stable suspensions by altering the
surface characteristics of suspended particles and preventing the development of particle

clusters.

1.4.4. Cluster and agglomeration of Nano fluid

One of the main difficulties in micro fluid investigations was the quick settling of
nanoparticles. Although studies show that incorporating nanoparticles into a fluid
considerably improves its thermal conductivity, advancements in actual applications have
been slowed. Particles settling on surfaces and plugging micro channels both reduced the
total heat transfer of the fluid (by reducing the effective surface area utilised for heat

transfer).
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Figure 1.13. Schematic representation of nanoparticle cluster and their phenomenon

Even though nanoparticles drastically cut down on agglomerated particles, the
issue still arises, especially at concentrations above 5%, and can hamper the heat
conductivity of the Nano fluid. Because oxide nanoparticles require a higher volume
concentration to provide the same gain in heat conductivity as metallic nanoparticles,
agglomeration is more apparent when using oxide nanoparticle (Wen & Ding, 2004). As
a consequence of Van der Waals forces, particles tend to clump prior to dispersion in a
fluid. This is particularly apparent in metallic particles, since dipoles may rapidly form in
their molecules. The production of dipoles increases the attraction between neighboring
dipoles. These dipoles, which may exist even in neutral particles, are the origin of Van
der Waals forces. It is considered that this attraction force is the principal source of
particle aggregation, especially in Nano powders. To solve this challenge, several
manufacturing and dispersion strategies for nanoparticles in fluids have been proposed.
The addition of surface treatments to nanoparticles is one option, while other ways have
been employed to reduce particle clusters. Typically, these techniques include agitating
the Nano fluid to separate clusters into individual particles and avoid sedimentation

(Duangthongsuk & Wongwises, 2008). Clustering phenomena are seen in Figure 1.10.

1.4.5. Volume concentration (¢)

VVolume concentration refers to the ratio of nanoparticles to the overall volume of
Nano fluid. This ratio is very important in Nano fluid application because all physical
properties of Nano fluid dependent on this ratio such as (thermal conductivity, specific

heat, density, and viscosity) (Emily, 2008).

1.4.6. Application of Nano fluid
Due Many applications can benefit from using Nano fluid because of their

superior heat transmission and thermos-physical properties. When it comes to heat
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transfer, Nano fluid have the most significant uses. One appealing property of Nano fluid
Is their high thermal conductivity. It's a measure of how well a substance transfers heat.
The measurement of Nano fluid thermal conductivity has been the subject of extensive
study. It has been shown that, in comparison to base fluids, Nano fluid offer superior heat
conductivity. Nano fluid is used in many different kinds of manufacturing, including:
1. Industrial cooling application

By using Nano fluid for cooling purposes in industry, significant energy savings
and emission reductions may be possible. Using Nano fluid in closed loop cooling cycles
in the U.S. electric power industry might save roughly 10-30 trillion Btu annually, and
replacing cooling and heating water with Nano fluid has the potential to save 1 trillion
Btu of energy for U.S. industry (Yu et al., 2008).
2. Nuclear Reactors

MIT's nuclear science and engineering group studied the potential of Nano fluid
in the nuclear industry by looking at how they could improve the efficiency of water-
cooled nuclear power plants that are limited by heat removal. Pressurized water reactors
(PWRs) could employ it as their primary coolant, secondary safety systems, accelerator

targets, plasma diverters, etc.

Reactor core

Fuel rod

array
Reactor Fuel assembly

Triangular subchannel with nanofluid heat
transfer enhancement

Figure 1.14. Alumina Nano fluid as a coolant in a hexagonal rod-bundle reactor core (Yu
et al., 2008)

3. Electronic applications

A Nano fluid used to cool microchips in computers and other electronic devices.
Microfluidic uses, such as the cooling of microchips, are being used in other electronic
applications.
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Figure 1.15. Nano fluid as a coolan in eltronic devices (Yuetal., 2)

Rapid heat dissipation is a significant barrier to the miniaturization of microchips.
Nevertheless, owing to their great thermal conductivity, Nano fluid may be employed to
liquid-cool computer chips. It is anticipated that the next generation of computer
processors would generate a localized heat flux more than 10MW/m? and a total power
greater than 300W (Yu et al., 2008).

1.5. Objective of The Thesis
There appears to be a need for more research on the impact of nanotechnology
applications in finned tube heat exchangers on thermal performance. The primary goal of
this study is to use numerical methods to calculate the pressure drop and heat transfer
characteristics of double-pipe (Annular) heat exchangers, as well as to analyze the impact
of heat exchanger geometry and Nano fluid properties on these variables. The following
specific aims were pursued towards this end:
1. Design and construction of a physical model of the heat exchanger.
2. Development of a numerical model of the heat exchanger using commercial
CFD's Package (Ansys fluent).
3. Testing of the physical model under different flow rates and configuration
(counter- flow).
4. Evaluation the heat transfer enhancement ratio due the heat transfer augmentation
technique used.
5. Make an optimization to find the best configuration of heat transfer used.

6. Comparison of the results from numerical work with the published results.
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1.6. Importance of the Thesis

The extensive use of finned tube heat exchangers is widely documented in the
public domain. Most studies, however, have contrasted the efficiency of finned and
smooth tubes in order to determine the impact of variables like fin height, fins spacing,
thickness, tube diameter, fin density, and fin type (plate, integral, pins, etc.). With regards
to the longitudinal finned tube heat exchangers, there are some researches which are
presented for optimization the fin shape experimentally and numerically. It seems that
nanotechnology applications in finned tube heat exchangers need additional
investigations to probe the effect of this technology on its thermal performance. Fins
improve heat transfer significantly, which is a major benefit. But their growing bulk,
expense, and weight are all drawbacks. Reducing all these drawbacks while increasing
heat transmission would be highly beneficial. Nano fluid are the better technique to
overcome these disadvantages. By adoption Nano fluid, thermal performance of heat
exchanger can be improved and at same time the surface area will be reduced. The focus
of this study is to investigate the performance of a U-longitudinal finned tube heat
exchanger and compare it with a smooth tube heat exchanger. Subsequently, the
performance of the system with Nano fluids will be examined. The process involves the
incorporation of nanoparticles into a base fluid. This study aims to investigate the impact
of the newly developed technology on the estimated decrease in the surface area of fins.

As a matter of fact, increased heat transfer surfaces can be put to use in a number
of contexts. Heat exchangers can be made smaller and cheaper with the use of improved
surfaces. They also reduce the amount of pumping power needed for particular heat
exchange operations. They also improve heat exchangers by increasing their UA, which
allows for a lower mean temperature differential or a higher heat exchange rate for a given
fluid inlet temperature. This, in turn, increases the efficacy and efficiency of thermal
processes while decreasing operating costs. In order to enhance the thermos-hydraulic
efficiency of heat exchangers, efforts have been made by the industry to augment thermal
contact by increasing the heat transfer coefficient, while simultaneously reducing the

power required for pumping.
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2. LITERATURE REVIEW

Heat transfer improvement techniques have recently been implemented in a wide
variety of industrial applications, including the refrigeration, automotive, and process
sectors, with positive results. There may be a number of monetary and ecological benefits
to enhancing heat transmission in heat exchangers. Materials, energy, and money are all
saved thanks to compact and efficient heat exchanger designs.

This literature review will focus on the most important issues. Due to its increasing
prevalence in a wide range of industrial settings, the finned tube has been the topic of
numerous research efforts. The improvement in heat transfer by using a finned tube in all
applications will be discussed, as will “"the influence of designs for heat exchangers: e.g.,
transverse tube spacing, longitudinal tube spacing, tube diameter, number of tube rows,
fins spacing or fins density, fins height, fins thickness, and type of fins," all of which will

be examined in detail in this literature review.

2.1. Heat Exchanger Experimental Studies

The study conducted by Prabhanjan et al. (2002) examined the heat transfer rates
of a straight tube heat exchanger and a helically coiled heat exchanger, aiming to compare
their performance. The objective of this study was to assess the comparative benefits of
employing a helically coiled heat exchanger in contrast to a straight tube heat exchanger
for the purpose of liquid heating. The majority of research endeavours concentrate on
either maintaining a constant wall temperature or a constant heat flux. The findings of
these studies indicate that the heat transfer coefficient is influenced by both the heat
exchanger's geometry and the temperature of the water bath encompassing the heat
exchanger. The experiments were conducted within the transitional and turbulent flow
regimes. The utilisation of a helical coil heat exchanger was observed to result in an
enhanced heat transfer coefficient in comparison to a straight tube heat exchanger with
similar dimensions. The temperature increase of the fluid was observed to be influenced
by both the coil geometry and the flow rate. The heat transfer coefficients of both heat
exchangers exhibited an increase when the temperature of the bath was raised.

Naphon and Wongwises (2002) conducted experimental investigations to
determine the convective heat transfer coefficients within the tube of a spiral coil heat
exchanger. The test part comprises a heat exchanger in the form of a spiral coil, consisting
of six layers of concentrically arranged spiral coiled tubes. The fabrication process

involves the bending of a straight copper tube with a diameter of 9.27 mm into a spiral
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coil comprising five turns. The experiments are conducted in circumstances with reduced
humidity. The experimental data are juxtaposed with the calculated values derived from
correlations established in previous investigations. Furthermore, this study presents a
novel correlation for the determination of in-tube heat transfer coefficients in the context
of spirally coiled tubes utilised in dehumidifying scenarios. This correlation is intended
to be applied in practical settings. The correlation is as follows:

Nu,,. = 27.358De0287py=0949 (2.1)

For: De > 300, Pr >5

An experimental investigation by Salimpour (2008) was performed to study the
heat transfer characteristics of temperature dependent-property engine-oil inside shell and
coiled tube heat exchangers. For this purpose, a well instrumented set-up was designed
and constructed. Three heat exchangers with different coil pitches were selected as the
test section for counter-flow configuration. Engine-oil was circulated inside the inner
coiled tube, while coolant water flowed in the shell. From the results of this study, it was
found out that the increment of oil inlet temperature decreases the heat transfer
coefficients. Also, it was seen that the coil-side heat transfer coefficients of the coiled
tubes with larger pitches are less than those of the ones with smaller pitches; and the effect
of pitch on Nusselt Number is more discernible in high temperatures. Finally, based on
the results of this study, a correlation was developed to predict the coil-side heat transfer

coefficients of the shell and coiled tube heat exchangers:
Nui — 0.554D60'496)/_0'388131'_0'151 ¢0.153 (22)

Salimpour (2009) conducted experimental investigations on the heat transfer
coefficients of shell and helically coiled tube heat exchangers. Three heat exchangers
featuring distinct coil pitches were chosen as the experimental units for evaluating both
parallel-flow and counter-flow arrangements. The necessary parameters, such as the
intake and outlet temperatures of the fluids on the tube-side and shell-side, as well as the
flow rate of the fluids, are all required. The study's findings indicate that the shell-side
heat transfer coefficients of coils with bigger pitches are greater than those of coils with
smaller pitches. Also based on the results of this study, two correlations were developed
to predict the inner and outer heat transfer coefficients of the coiled tube heat exchangers

the following correlation as:
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Nu; = 0.152De%431pr1.06,,-0.277 (2.3)
Nu, = 19.6Re®513 pr0129 0983 (2.4)

Conté & Peng (2009) conducted both computational and experimental
investigations in order to gain insights into the convective heat transfer phenomenon
emanating from a single round pipe coiled in a rectangle pattern. The heat exchangers
under investigation consist of both inner and outside coils, resulting in an external flow
pattern that closely resembles the flow within tube-bundles. The heat exchangers consist
of both inner and outside coils, which are comprised of sections that include bends and
straight segments. Calculations and experiments were conducted to investigate two
distinct scenarios characterised by varying external flow configurations. The findings
demonstrated that the impact of geometric arrangement on heat transfer was more
favourable for Case 1, namely the staggered design. This may be attributed primarily to
the more convoluted flow characteristics and improved mixing of the external fluid. The
numerical and experimental findings exhibit a strong qualitative agreement. The findings
from both numerical simulations and experimental investigations indicate that the act of
coiling a pipe, so causing an external fluid to flow over or within a tube bundle, can
effectively create turbulence without necessitating an increase in velocity.

Heat transfer characteristics of a new helically coiled crimped spiral tube heat
exchanger were studied analytically by Kwanchanok & Wongwises (2008). The present
work aims to experimentally evaluate the heat transfer properties in dry surface
circumstances of a novel heat exchanger design, specifically a helically coiled finned tube
heat exchanger. The construction of each tube involves the process of bending a straight
copper tube into a helical coil. Helically arranged around the copper tube are aluminium
crimped spiral fins, possessing a thickness of 0.5 mm and an outer diameter of 28.25 mm.
The inner diameter of the fin has corrugations along its margin. The shell side use ambient
air as the working fluid, while the tube-side utilises hot water. The experimental trials are
conducted using air mass flow rates that vary from 0.04 to 0.13 kg/s. The water mass flow
rates range from 0.2 to 0.4 kg/s. The water temperatures range from 40 to 50 °C. The
results were There is no effect of air mass flow rate on the tube-side heat transfer
coefficient, the inlet-water temperature and water mass flow rate show a significant effect

on the out-side heat transfer coefficient, the effectiveness are inversely proportional to
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air-side Reynolds number, but directly proportional to the water mass flow rate and inlet
water temperature.

Experimental study of mixed convection heat transfers in vertical helically coiled
tube heat exchangers were investigated by Ghorbani et al. (2010). This study aimed to
experimentally explore the mixed convection heat transfer in a coil-in-shell heat
exchanger. The investigation focused on various Reynolds numbers, tube-to-coil
diameter ratios, and variable dimensionless coil pitch. The studies were done to
investigate the characteristics of both laminar and turbulent flow within a coil. The
increase in coil surface area was found to have a detrimental impact on heat transfer
coefficient, leading to a fall in its value. In contrast, an increase in coil pitch leads to an
augmentation in the convection heat transfer coefficient on the shell-side. The overall
heat transfer coefficient of a heat exchanger exhibits a positive correlation with the heat
transfer rate. Extensive investigations have been conducted on various attributes of the
heat exchanger in order to determine the optimal characteristic length that establishes the
relationship between the Nusselt number and the Rayleigh and Reynolds numbers. This

relationship may be expressed as follows:
Nup, = 0.0013Ra;7*8Red2 Pro3 (2.5)

The experimental investigation conducted by Nasser et al. (2010) focused on
examining the thermal performance of shell and heat exchangers. This work presents an
experimental inquiry into the mixed convection heat transfer occurring in a coil-in-shell
heat exchanger. The analysis encompasses several combinations of Reynolds and
Rayleigh numbers, varied ratios of tube-to-coil diameter, and dimensionless coil pitch.
The objective of this study was to evaluate the impact of tube diameter, coil pitch, shell-
side mass flow rate, and tube-side mass flow rate on the performance coefficient and
modified effectiveness of vertical helical coiled tube heat exchangers. The calculations
have been executed to determine the steady-state conditions, while the experiments were
carried out to investigate both laminar and turbulent flow phenomena within the coil. The
study revealed that the ratio of mass flow rate from the tube-side to the shell-side had a
significant impact on the axial temperature profiles of the heat exchanger. The findings
further demonstrate that the relationship between the Effectiveness-Number of Transfer
Units (e-NTU) for the mixed convection heat exchangers is identical to that observed in

a pure counter-flow heat exchanger.
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2.2. Heat Exchanger Numerical Studies

Mirgolbabaei et al. (2011) conducted a numerical study to investigate the forced
convection heat transfer from vertical helically coiled tubes. The study examined the
effects of different Reynolds and Rayleigh numbers, varied coil-to-tube diameter ratios,
and non-dimensional coil pitches. The researchers observed that as the dimensionless coil
pitch in the medium range increases, there is a decrease in the heat transfer coefficient.
Conversely, when the pitch is extended to 2 times the tube diameter, there is an increase
in the heat transfer coefficient. Furthermore, it has been determined that the heat transfer
coefficient falls as the tube diameter increases, while maintaining the same dimensionless
coil pitch. Various characteristic lengths were employed in the computations of the
Nusselt Number in order to ascertain the most suitable length that aligns with the data.
Ultimately, it has been demonstrated that the normalised length of the shell-side of the
heat exchanger adequately represents the desired location.

Rahul (2009) has conducted a study on the establishment of a correlation for the
heat transfer coefficient in a concentric helical coil heat exchanger. The focus of this study
pertains to the development of a correlation that characterises the heat transfer coefficient
for a flow occurring between concentric helical coils. The current state of affairs The
observed correlation exhibits significant deviations from the experimental findings as the
spacing between the concentric coils increases. The experimental data and computational
fluid dynamics (CFD) simulations conducted with Fluent 6.3.26 were utilised to establish
an enhanced correlation for the heat transfer coefficient on the flue gas side of the heat
exchanger. A mathematical model is formulated in order to analyse the data acquired
from computational fluid dynamics (CFD) simulations and experimental findings. A
comprehensive analysis has been conducted on a diverse dataset encompassing a broad
spectrum of Reynolds numbers, ranging from 20,000 to 150,000. The equation (2-6) can
be subject to large error due to the extreme range of data, as determined by the ratio of
coil gap to tube diameter. The validity of the established equation is contingent upon the
given ratio (Coil gap/ Tube diameter) falling within the range of 0.55 to 2.25. This
encompasses a significant portion of the practical spectrum in which helical coil heat

exchangers are commonly employed.

Nu = 0.02652604Re?:834694285 pr0.3( Gap —ratip ) 0096856199 (2.6)
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Sami et al. (2013) employed Computational Fluid Dynamics (CFD) modelling to
examine and evaluate the impact of Parabolic-Cut Twisted tape (PCT) inserts installed
within a circular tube on the rate of heat transmission. They conducted simulations and
analyses to predict this phenomenon. The simulation was conducted using a commercial
computational fluid dynamics (CFD) software tool, specifically FLUENT-6.3.26. The
circular tube under consideration in the model is characterised by a constant heat flux and
exhibits laminar flow. The simulation involved the consideration of three distinct twist
tapes, each with varying twist ratios (y=2.93, 3.91, and 4.89) and cut depths (w=0.5, 1,
and 1.5 cm). The investigation revealed that the Nusselt number and friction factor in the
tube equipped with PCT exhibit an upward trend when the twist ratios (y) and cut depth
(w) decrease. The computational fluid dynamics (CFD) simulations yielded findings that
aligned with the literature correlations for plain tubes, thereby validating the accuracy of
the predictions. The observed discrepancies were found to be within a range of less than
+8% for the Nusselt number and £6.5% for the friction factor.

Lishan (2002) carried out a numerical study to predict the temperature
distributions and velocity profile of a circular tubes fitted with twisted-tape inserts in
laminar fully developed flow region. The swirl flow was simulated by following the
helically twisted flow path in the partitioned tube represented by a semi-circular cross-
section geometry using the finite volume method. All cases study was studied, under
uniform wall temperature (UWT) and uniform heat flux (UHF) boundary conditions.
Numerical results for the variations in the velocity and temperature distributions with
flow rate and twist ratio were of the twisted tape presented; the temperature distributions
also reflected the influence of fluid Prandtl number Pr. The flow field created by twisted
tape has a distinct pattern consisting of a solitary longitudinal vortex that undergoes a
division into two helical vortices revolving in opposite directions. This division occurs as
the Reynolds number (Re) increases or the twist ratio decreases. Both the pressure drop
and heat transfer coefficient see significant increases.

Eiamsa-ard et al. (2009) presented numerical simulation of the swirling flow in a
tube fitted with loose-fit twisted tape insert. Influence of the clearance ratio (CR= 0.0
(tight-fit), 0.1, 0.2 and 0.3) on Nusselt number, pressure drop and thermal index were
numerically investigated at different tape twist ratios (2.5 and 5.0). The simulation was
conducted under constant wall temperature conditions in the turbulent flow regime for a
various range of Reynolds number ranging from 3000 to 10,000. k— turbulence model

was used to solve the Navier—Stokes equation in common with the energy equation. It is
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visible that the twisted tape inserts for twist ratio =2.5 with CR=0.0 (tight-fit), 0.1, 0.2
and 0.3 can enhance the heat transfer rates up to 73.6%, 46.6%, 17.5% and 20%,
respectively and increase friction factors up to 330%, 262%, 189%, and 160%,
respectively, as compared to the smooth tube. The tube with loose-fit twisted tape inserts
with CR=0.1, 0.2 and 0.3 provided heat transfer enhancement around 15.6%, 33.3% and
31.6% lower than those with CR=0.0.

Masoud et al. (2009) conducted experimental and numerical investigation to find
the pressure drop, heat transfer coefficient and thermal performance index of a circular
tube fitted with the typical and three modified twisted tape inserts. In experimental part,
the three modified twisted tape, like perforated, notched and jagged were used so as to
compare their performance with the typical twisted tape. All inserts had a width of 15
mm, a pitch length of 5 cm and a twist ratio of 2.94. In numerical part, a 3-D numerical
simulation was conducted by using the computational fluid dynamic code FLUENT®6.2.
The modeling was achieved so as to validate and explain the experimental observations.
The results revealed that the heat transfer coefficient and thermal performance ratio of
the jagged insert were higher than the other types. A maximum increase of 31% and 22%
were observed in the Nusselt number and the thermal index, respectively as compared
with those obtained for the typical twisted tape.

2.3. Finned Tube Heat Exchangers Studies

Finned—tube heat exchangers are widespread devices which are used in myriad
applications. They have complicated performance characteristics. This literature survey
aims to review part of the researches which were dealt with this subject theoretically and
experimentally in the following paragraphs.

Wang et al. (1998) Achieved equivalent results with eight finned-tube heat
exchangers. They determined that fin pitch had no influence on the heat transfer
performance of four-row coils with (Re =1000). However, when (Re=1000), the
performance of heat transmission is greatly reliant on fin pitch. For two-row
configurations with decreasing fin pitch, an increase in heat transfer performance was
observed.

Mon and Gross (2004) calculated the parameters of heat transfer and pressure drop
on the air side of annular-finned tube heat exchangers numerically. Researchers studied
the impact of fin spacing on four-row tube bundles with annular fins in staggered and in-

line designs. Local heat transfers and flow properties of annular-finned tube bundles are
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influenced by fin spacing to fin height ratio, and the boundary layer that forms on the fin
and tube surfaces is reliant on this ratio. After the height ratio was increased to 0.32, the
heat transfer coefficient of the staggered layouts remained unchanged. For both arrays, as
the height ratio grew, the heat transfer coefficient increased across the entire measured
range and the pressure drop decreased. Experimental correlations with respect to heat
transmission revealed a high degree of concordance.

Sahiti et al. (2005) conduct an experimental study to learn how pin fins might
improve heat transfer. Putting tiny cylindrical pins on the heat exchanger's surface proved
to be a game-changer. The elements influencing the improvement of heat transmission
were revealed by means of an equation based on elementary relationships between
convection and conduction heat transfer. Using a pin element instead of a smooth tube
heat exchanger, they were able to raise the Nusselt number in their study.

An integrated pin-fin tube heat exchanger was simulated in three dimensions by
Shuai and Chang (2011) using fluid software. They proved that the software could
successfully simulate integral pin-fin tubes numerically. It has been demonstrated that
fluent software is a valuable tool for the design and development of heat exchange tubes
due to its ability to do numerical simulations on integral pin-fin tubes.

Ayad (2011), the heat transfer characteristics of cross-flow air-cooled single-tube
multiple passes (smooth and integrated low finned tube) and its impact on heat transfer
enhancement were investigated. As test parts, two lengths of Perspex conduit were
specified. Each test section is fitted with an eight- or four-pass test tube (single aluminum
tube multiple passes). The test results demonstrated that the integrated low finned tube
had a larger air side heat transfer coefficient than the smooth tube. Using the integrated
low finned tube, the enhancement ratio for eight and four passes was (1.86 to 2.38).

The effect of perforated circular finned tubes on convective heat transfer in
circular finned tube heat exchangers was studied by Dong et al. (2012). The pressure drop
increased by 0.68 and 2.08 percent for the 2 hole and 4 hole samples, respectively, while
the convective heat transfer coefficient increased by 3.55 and 3.31 percent.

Mon (2003) calculated mathematically how well circular finned-tube cross flow
heat exchangers performed in terms of heat transfer and pressure decrease on the air side.
Different finning geometries and row counts were investigated numerically. Additionally,
efforts were undertaken to confirm the most beneficial tube design. The following were

the study's pertinent qualitative results about the finning geometry:
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1. The fin height effect for both tube arrays is in good agreement with the
experimental data, whereby an increase in fin height results in a reduction in the
heat transfer coefficient and an increase in the pressure drop.

2. The impact of the fin spacing is mostly dependent on the boundary layer
associated with the air velocity; the effect of the fin spacing on the heat transfer
coefficient is negligible when the boundary layers between the fins are diverging
for the staggered array. For the in-line array, the larger spacing shows the greater
rate of heat transmission.

3. The heat transfer coefficient and pressure drop of the staggered tube bank have
astonishingly little effect on the change in fin thickness. Therefore, it is shown
that the impact of fin thickness is minimal.

Yonghan Kim and Yongchan Kim (2005) conducted an experimental
investigation of the optimal layout for large-fin-pitch flat-plate finned-tube heat
exchangers. Twenty-two heat exchangers were tested, with modifications made to their
fin pitch, number of tube rows, and tube alignment. The air-side heat transfer coefficient
decreased as the number of tube rows was increased and the fin pitch was decreased. The
heat transfer coefficient of the four-row heat exchanger coil dropped by about 10% as the
fin pitch decreased from 15.0 to 7.5 mm across the Reynolds number range of 500 to 900
that was determined based on the tube diameter. Heat transfer coefficients decreased from
1 to 4 tube rows for all fin pitches. The heat transfer performance was over 10% better
with the staggered tube alignment than with the inline alignment.

Halici and Taymaz (2005) Examined experimentally the influence of tube
regulation space on heat and mass transfer and friction factor for aluminum fin and copper
tube heat exchangers. The external surface heat transfer coefficient, the Colburn factor,
and the friction factor were computed using a computer program and experimental data.
The findings demonstrated that when the tube row spacing decreased, the external surface
heat transmission and friction factor increased on the dry surface. Comparing wet and dry
surfaces reveals that the Colburn factor and friction factor are greater for wet surfaces.

Theoretical and experimental investigations of the effects of different fin spacing
on the heat transfer coefficient and fin efficiency in natural convection were conducted
by Chen and Hsu (2007). Researchers combined the effects of radiation and convection
into a single calculation of heat transfer coefficients. This circular fin was predicted to
have a non-uniform heat transmission coefficient due to its annular shape. The entire

annular circular fin was divided into a number of sub-fin sections so that the average heat
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transfer coefficient and fin efficiency could be predicted based on ambient temperature,
tube temperature, and fin temperature readings at a number of defined measurement
locations. The results showed that the average value of the heat transfer coefficient
increased with increasing fin spacing (S), while fin efficiency dropped.

Later and his team (2008) Fin efficiency and heat transfer coefficient on a circular
fin in forced convection were explored theoretically and empirically for different fin
spacing. Using a non-uniform assumption about the distribution of the heat transfer
coefficient on a fin, sub- fin sections were built in order to determine the average heat
transfer coefficient and fin efficiency. The results suggested that the effect of fin spacing
(S) on the average value of the heat transfer coefficient may be negligible if S exceeds
0.018 m. The average heat transfer coefficient value increased with increasing the air
speed "Vair for 1 m/s < Vair <5 m/s (1550 < Red < 7760) and increasing the fin spacing
for 0.005 m < S <0.018 m. The fin efficiency value decreased with increasing Vair for 1
m/s < Vair < 5 m/s and seemed to be not very sensitive to the fin spacing".

Nagarani and Mayilsamy (2010) tested and analysed the heat transfer rate and
efficiency of annular fins of both circular and elliptical shapes in a variety of
environments. The elliptical fin was deemed to be superior to the circular fin. Heat
transfer coefficients vary depending on location, time, flow conditions, and fluid
properties. The heat transfer coefficient and the efficiency are both sensitive to variations
in temperature and humidity.

The ideal longitudinal fins on the outer surface of the inner pipe in laminar and
fully developed flow with uniform heat flux are investigated by Lgbal et al. (2013). At
first, fins had a triangular profile. It was discovered that the number of fins, the ratio of
radii, the number of control points, and the characteristic length all have a role in
determining the optimal fin form. Nusselt numbers increased by 138%, 312%, and 263%
for trapezoidal, triangular, and parabolic geometries of same diameter, and by 212%,
59%, and 90% for hydraulic diameter, respectively.

2.4. Double Pipe Heat Exchangers Studies

Suxin Qian et al. (2017) presented an analysis of the fundamental concepts,
characteristics, and significant distinctions among regeneration techniques employed in
different conventional cooling systems. This study aims to demonstrate the categorization
of regeneration methods into three distinct types: the recuperative type, applicable to

steady-state operating systems; the regenerative type, suitable for systems operating
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under cyclic operation; and the heat recovery type, designed for systems utilising solid-
state functional materials. This paper provides an analysis of the three different
techniques of regeneration, including an examination of their underlying physical
principles, a comprehensive overview of their current development status, and an
evaluation of their respective advantages, limits, and distinctive characteristics.

Bejan et al. (2016) conducted an analysis of the flow architecture in a counter flow
heat exchanger with the incorporation of a plenum at both ends of the core. In this
configuration, the thermal resistance reaches its minimum value. This conclusion is
applicable to both fully formed laminar flow and turbulent flow within the core.

Han Xiaoxing et al. (2018) conducted an examination of a novel concentric tube
heat pipe heat exchanger. The device was specifically engineered and intended for use in
integrated waste heat recovery systems, with the primary objective of achieving enhanced
heat transfer efficiency when operating at lower temperature heat sources. The results
indicate that the heat exchanger's performance in terms of heat transfer was improved
when certain parameters were set. Specifically, when the evaporator length was 260 mm,
the inclination angle was 60 degrees, the cooling water flow rate was 0.5 m®/h, and the
cooling water temperature was 30 degrees Celsius. Under these conditions, the heat
exchanger achieved a maximum heat transfer quantity of approximately 1600 W, with
an average thermal resistance of 0.042 degrees Celsius per Watt

The thermal performance and fluid characteristics of counter flow heat exchangers
(CFHESs) were investigated by Piroozam et al. (2018). This simulation investigates the
influence of parameters and solves the CFHESs unilaterally through the implementation of
diverse numerical techniques. It has been determined that the use of certain methods will
enhance the performance of the CFHEs.

Verma etal. (2017) hypothesised about the thermal performance of a heat
exchanger by examining the effects of several pipe surface shapes, including non-
corrugated and corrugated pipes. The pitch and depths of corrugated pipe exhibit
variation. The highest heat transfer coefficient is obtained by using helical-shaped ribs
with a pitch of 4 mm and a depth of 1.5 mm. This configuration was tested at various
Reynolds numbers ranging from 5000 to 17000, with mass discharge rates varying
between 0.03 and 0.13 kg/s for the hot fluid and 0.04 to 0.14 kg/s for the cool fluid. The
length and diameter of the pipes are 25.4 mm and 2000 mm. The predictive capabilities
of the artificial neural network have been used in the modelling of the heat transfer

coefficient.
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Gorman et al. (2016) endeavoured to investigate the thermal and fluid flow
characteristics of a double-pipe heat exchanger featuring a helically corrugated inner pipe
wall. A comparative analysis is conducted between a smooth-walled double-pipe heat
exchanger and a corrugated double-pipe heat exchanger. The Reynolds numbers observed
in the examined cases varied between 420 and 2000.

The experimental and computational analysis of the triple concentric-tube heat
exchanger, in comparison to the double tube heat exchanger, was demonstrated by
Abdallah Gomaa et al. (2016). The fluid employed in this context is water. The numerical
computational fluid dynamics (CFD) model is constructed utilising a finite volume
discretization technique and afterwards verified for accuracy and reliability. The paper
also includes the presentation of correlations between the Nusselt number, friction factor,

and heat exchanger efficacy, with respect to the dimensionless design parameters.

2.5. Heat Exchangers with Nano Fluids

Nano fluid are a unique type of thermal fluid composed of hanometer-sized (less
than 100 nm) particles scattered in convectional fluids. This section of the literature
review examines the most notable works on Nano fluid technology. Heat transfer
enhancement by using Nano fluid is the subject of growing importance in a myriad of
applications. So far, there have been few studies related to forced convection. Most of the
research is focused on the thermal properties of Nano fluid. Several practical and
theoretical research on the increase of heat transfer by Nano fluid are discussed in this
literature review. In addition, the influence of nanoparticle concentration, Reynolds
number, nanoparticle type, nanoparticle size, and other factors will be examined.

As stated by Senthilraja and Vijayakumar (2013), The heat transfer coefficient of
CuO/Water Nano fluid was measured experimentally using a twin pipe heat exchanger.
Deionized water with dispersed CuO particles was used to create the Nano fluid. The
Nano fluid has  a diameter of 27 nm at ambient temperature and a concentration of
between 0.1% and 0.3%. Heat transfer coefficient was shown to increase with time and
liquid flow rate was found to enhance the Nusslet number. It was found that the highest
heat transfer coefficient was achieved with a 0.3% concentration of Nano fluid.

Sudarmadiji et al. (2014), in a double-pipe heat exchanger, researchers examined
the heat transfer and pressure drop of an alumina-water Nano fluid. The test section is a
1,1-meter- long, 5-millimeter-diameter inner tube with consistent wall temperatures. The

inside of the tube is filled with a hot Nano fluid, whilst the outside is filled with cold
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water. The experiment was done with nanoparticle concentrations varying between 0.15
percent, 0.25 percent, and 0.5 percent by volume. The findings demonstrated that an
increase in nanoparticle concentration under varying Reynolds numbers causes a rise in
convection heat transfer and Nano fluid pressure decrease. Compared to pure water, the
Nusselt number increased by 40.5% at a volume concentration of 0.5%, whereas the
increase in pressure drop was minimal.

Chavda et al. (2014) examined the effect of using different concentration of Nano
fluid on the heat transfer characteristics. A double pipe heat exchanger having Al.O3
Nano fluid mixed in water was used in the experiment for parallel flow and counter flow
arrangement. The volume concentration of Al,O3 Nano fluid was varied from 0.001 % to
0.01 %. The experiment demonstrated that increasing the volume concentration of Al2O3
Nano fluid will increase the heat transfer coefficient up to 0.008 % of volume
concentration. The coefficient then begins to decline. When comparing water heat
transfer in a parallel flow and a counter flow arrangement for a twin pipe heat exchanger,
the value of the total heat transfer coefficient increases in the case of Nano fluid of
different volume concentrations to water. For parallel flow and at Nano fluid volume
concentration of 0.008%, the outer and inner heat transfer coefficient is increased by
101% and 115%, respectively. For counter flow and at the same volume concentration,
the increase is 135 % and 136 %.

Firas (2014), in this investigation an experimental and numerical study for U-
longitudinal performance with using Nano technology has been performed. The
experimental work involved designing and creating four pairs of U-shaped longitudinal
fins from copper material, each measuring "1 m in length, 38 mm in height, 1 mm in
thickness, 8.2 mm between each pair of U-shaped legs, and 9 mm between each pair of
fins". These fins were then welded to a straight copper tube, also 1 m in length, with an
inner diameter of 22 mm and an outer diameter of 23.9 mm. Two types of nanoparticles
(Al203 and TiO2) with (<80, 10-25) nm diameter respectively were dispersed "in de-
ionized water". To create Nano fluid, nanoparticle concentrations were (0.2, 0.4, 0.6, and
0.8) percent. At a volume concentration of 0.8 percent, the heat transfer coefficient and
thermal conductivity of Alumina-Nano fluid increase by (21 percent, 5 percent) and (16
percent, 4.4 percent) as compared to Titania- Nano fluid. It is obvious that heat transfer
enhancement is superior of Alumina-Nano fluid when it is compared with Titania-Nano
fluid.
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The laminar convective heat transfers of CuO and Cu nanoparticles of sizes 20,
50-60, and 25 nm was tested experimentally by Heris et al. (2006). Water was used as the
base fluid, and it was circulated through a circular tube whose walls were kept at a
constant temperature. The heat transfer coefficient was determined for varying
concentrations of "(Al.O3, CuO, Cu)" nanoparticles (from 0.2 to 3.0 percent volume). The
experimental findings highlighted the improved heat transfer. This improvement tracked
with each Nano fluid’s rising volume concentration and Peclet number. The outcomes
exceeded those predicted by theoretical correlations. Each Nano fluid has a unique
concentration sweet spot where the most improvement can be realized.

Lai et al. (2006) performed an empirical examination on the behaviour of
Al>Oz/water Nano fluid with a particle size of 20nm as it flowed through a stainless steel
pipe with a diameter of Imm. The experiment was conducted under conditions of constant
heat flux, specifically at Reynolds numbers below 270. The Nusselt number exhibited an
8 percent rise at a volume concentration of 1 percent.

Ding et al. (2009) Presented numerical simulations of convective heat transfer
under laminar flow of TiOx/water Nano fluid under constant heat flux. Parametric
research was conducted on the heat transfer coefficient and wall shear stress for water
concentrations ranging from 0 to 10 percent by volume. Both the effect of increasing
nanoparticles volume fraction on wall shear stress and the increasing of heat transfer
coefficient by 10% with low volume fraction at (0 < 1.5 %) were obtained.

Experimental research into "Al,Oz/water and TiOz/water Nano fluid" was
undertaken by Farajollahi et al. (2010) in a shell-and-tube heat exchanger with turbulent
flow. Peclet number, particle volume concentration, and particle type were studied for
their effects on heat transmission qualities. The results showed that heat conduction was
much enhanced when nanoparticles were added to the base fluid. A wide range of volume
fractions was employed. The optimal concentration of TiO2/water Nano fluid has better
heat transfer capabilities than the other Nano fluid. Furthermore, as the concentration of
nanoparticles in Al,Os/water Nano fluid rises, the heat transmission properties of the fluid
are enhanced.

Nawaf and Tan (2011) analyzed the performance of a cross-flow heat exchanger
using a three- dimensional numerical simulation. Inside a circular pipe, water was picked
as the base fluid, while air was chosen for the cross flow. For both sides, numerical
simulations were performed using laminar flow. The influence of Reynolds number,

Nano fluid type, and Nano fluid volume fraction revealed a considerable increase in heat
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transfer with nanoparticles such as "TiO2 nano—powder compared to the base fluid at
Reynolds numbers in the range of 500", 1000, 1500, and 2000. In the range of "0.6%,
1.5%, 3%, 6%, and 10%, the volume fraction is between 0.6% and 1.5%". The increase
in the Nusselt number was around 6.5 percent for a volume fraction increase of 0.6 to 1.5
percent.

Hydrodynamic and heat transmission properties of 15 nm Al2Os- nanoparticles in
laminar flow with continuous heat flux were studied by Esmaeilzadeh et al. (2013). Heat
transfer coefficient was shown to rise with increasing particle volume fraction when the
effect of varied volume concentrations on the enhancement of heat transfer and friction
factor was examined. The results showed that as compared to distilled water, the average
heat transfer coefficient rose by 6.8% for a volume concentration of 0.5% and by 19.1%
for a concentration of 1%. There was hardly any variation in frictional resistance either.

Using a heat exchanger with and without longitudinal triangular fins, Mathanraj
et al. (2018) compared and analysed the heat transfer for counter flow. A 1000mm long,
15mm wide (inside) and 19mm wide (outside) horizontal copper tube serves as the test
section. The length, width, and depth of the triangular fin are 8mm, 9mm, and 2mm,
respectively. The thermal performance of a heat exchanger is investigated in relation to
mass flow rates and fin spacing. The results show that efficiency and heat transfer rate
are improved by increasing the mass flow rate of cold fluids. The average logarithmic
temperature differential and the total heat transfer coefficient both increase over the
course of the experiment.

In order to investigate the impact of geometrical parameters for eight inner
corrugated tubes in a double pipe heat exchanger, Cércoles et al. (2020) used numerical
analysis. The Realizable k turbulence model of a 3-D unstructured tetrahedral mesh
design was analyzed and validated using an experimental result for a turbulence-inducing
flow condition (Re=25000). Based on the simulated data, the maximum pressure
decreases were observed in the case study with the lowest helical pitch (P/D=0.682) and
the highest corrugation height (H/D=0.05). When compared to a flat tube, the maximum
number of transfer units is 29% higher.

The influence of inner pipe twisting on the thermal performance of a twin pipe
heat exchanger was the subject of an experimental research by Mahmud et al. (2021). The
effects of three, five, and seven turns per unit of length in opposite and similar flow
directions are studied. All experiments are performed with water as the working fluid in

a turbulent flow environment (Re =5000-26000). The experimental results demonstrate
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an improvement in thermal efficiency across all three twisted pipes. When compared to a
flat pipe, the counter flow increases the Nusselt number by a factor of 2.2, while the

parallel flow increases it by a factor of 1.8.

2.6. Summary

Insufficient data exists on the utilisation of Nano fluid for enhancing the efficiency
of U-finned tube heat exchangers, despite the fact that many theoretical and experimental
studies of Nano fluid are presented to show the effect of concentration, Reynolds number,
and type of Nano fluid on heat transfer enhancement. This is what may be deduced from
the existing literatures:

1. The heat transfer rate increases with the increasing of Nano fluid concentration.

2. The used of the dual use of nanomaterials with fins leads to a significant increase
in the heat transfer coefficient.

3. Many theoretical and experimental researches of Nano fluid are presented to show
the effect of concentration, Reynolds number and type of Nano fluid on heat
transfer enhancement.

A review of the current literature finds a dearth of knowledge on the topic of
employing the Nano fluid technology to improve the efficiency of U-longitudinal finned
tube heat exchangers. This study utilizes a 20,4-mm inner diameter and a Reynolds
number range of (250) to (2500). Alumina nanoparticles have been employed at volume
concentrations 1%, 3%, and 5%. Using a single type of oxide nanoparticles (Al203), we
will numerically model the existing heat exchanger to foretell flow field and heat transfer

with and without Nano fluid.
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3. MATERIAL AND METHODS

In this chapter, three categories have been discussed as follows: Assumptions are
concerned with basic equation heat transfer in double pipe heat exchanger. Thermo-
physical properties of Nano fluids. Numerical simulation using "ANSYS FLUENT 20"
package with "SOLID WORK PREMIUM 2020" to study flow pattern and temperature
and velocity distribution in double pipe heat exchanger containing extended surfaces and
Nano fluid (Al2Os).

3.1. Geometry

Figure 3.1 shows the double pipe heat exchanger. The inner pipe of the heat
exchanger has a hot process fluid flowing through it which transfers its heat to the cooling
water flowing through the outer pipe. The diameter of the inner tube is (20.4 mm), while
the thickness is (1 mm). The diameter of the outer tube is (52 mm), and the total length
of the heat exchanger is (1500 mm). Cold water flows inside the outer tube, while the

outer surface of the inner tube contains longitudinal U-fin.

Di=51.78mm

Do=54.12mm
L=1475mm |

A

Figure 3.1. Double pipe heat exchanger (all dimensions in mm)

The geometry of a twin pipe heat exchanger and an enlarged surface with inlet
and outlet portions for tubes containing hot and cold water are drawn in "SOLID WORK
PREMIUM 2020." We insulate the outside pipe of the Annulus.
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Figure 3.2. The hot and cold fluid temperature distributions in the heat exchanger

Computational domains are depicted as the entry and exit points for the hot water
side (inner tube) and the cold water side (annuli) in the current study. As can be seen in
Figure 3.3, fins are built onto the outer surface of the inner tube, and the flow on both

sides is counter.

All Domain

Inner tube

Figure 3.3 The computational domain

3.2. Governing Equations and Data Reduction

For laminar flow in a tube and turbulent flow in annuli, Lars (2015) describes the
"governing equations for "Continuity,"” "Momentum,” and “"Energy " in the preceding
sections.
- Laminar flow
The following governing equations must be solved for laminar flow in an inner tube.
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Continuity Equation:

ou Jdv oJow (3.2)
—+—+—=0
ox O0x Ox
Momentum Equation:
( 6u+ 6u+ 6u> _dp 62u+ 62u+ d%u (3.2)
P\ 5x ”ay Woz) T Tax " H\ox2 dy? 0z2
( 6v+ 6v+ 617) _dp N 62v+ 62v+ d%v (3.3
P\"ox ”ay ozl = dy H\ox2 dy?  0z?
( 6u+ 6u+ 6u> B dp+ 62u+ 62u+ d%u (3.4)
P ox T "oy T V)T Tax T F\axz T 5y2 T 922
Energy Equation:
c ( 6T+ 6T+ aT) y 62T+ 62T+ d°T (3.5)
PEP\Mox T Yoy T Yaz) T \axz T 552 T 322

-Turbulent flow

The governing equations (continuity, momentum, energy, and transport
equations) for turbulent flow in the annuli. In order to obtain answers, it is necessary to
solve equations representing various laminar flow types. User's Reference for ANSYS
Fluent (2011).
The Data reduction steps are:
- Heat Transfer

The data reduction Eiamsa-ard et al. (2006) of the measured results is summarized
as follows also.
Heat transferred to the cold water in the test section, can be calculate:

Qc = mcCp. (Tez — Teq (36)

Where, mg is the mass flow rate of the cold water (kg/sec). Cpc is the specific heat of the
cold water (J/kg. K). Tc2 is the cold water outlet temperature (°C). Tc: is the cold water
inlet temperature (°C).

Calculate the heat transmitted from the hot water in the test section:
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Qn = my Cpp (Thz — Tha (3.7)

Where, m h is the mass flow rate of the hot water (kg/sec). Cpn is the specific heat of the
hot water (J/kg. K). Thz is the hot water outlet temperature (°C). Th1 is the hot water inlet
temperature (°C).

The percentage of heat loss Tijing et al. (2006) between the hot and cold-water sides of
the current heat exchanger, the following may be stated:

. (Qh - Qc (3.8)

) £ 100%
c
The temperature loss from the test portion to the environment is somewhat low.

For the purpose of calculating the internal convective heat transfer coefficient, the average

transfer rate for hot and cold fluids is used.

_ (%t (3.9)

Qavg 2

Where, Qc is the heat transferred to the cold water in the test section (W). Qn is the heat
transferred from the hot water in the test section (W). The surface area of the inner tube

is calculated using the following equation:
A, =md; L (3.10)

Where, di is the inner diameter of tube (m). L is the length of test section (m).

Logarithmic mean temperature difference can be calculated:

ar = T = Te2) = (Top = Tea) (3.11)
m — (T — Tc )
(T =1%5)

The overall heat transfer coefficient is calculated using:

U _ Qavg (312)
A; AT,

Where, Qayg is the average heat transfer rate (W). A is the surface area of the inner tube
(m?).
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The annulus side heat transfer coefficient annulus side heat transfer coefficient (ha) is
estimated using the correlation of Dittus- Boelter Equation (3-13) (Shankar, 2012):

Nu = 0.023 Rel® Pr23 (3.13)

Where, Nua is the annulus side Nusselt number. Dr is the hydraulic diameter (m), Dn = D;i
— do. Di is the outer tube inner diameter (m). do is the inner tube outer diameter (m). ke is
thermal conductivity of the cold water (W/m. K).

By ignoring the thermal conduction resistance of the copper tube wall, we may calculate

the inner tube side heat transfer coefficient (h):

11,1 (314)
U h; h,
The inner tube side Nusselt number can be calculate:
h; d; (3.15)

Where, hi is inner tube side heat transfer coefficient (W/m?. K). kn is thermal conductivity
of the hot water (W/m. k). di the inner tube inner diameter (m).
The Reynolds Number Equation (3-16) is based on the different flow rates at the inlet of

the test section:

uy d; (3.16)

Rei =
Un

Where, un is the velocity of the hot water at the inner tube (m/sec). v, is the kinematic
viscosity of the hot water (N. sec/m?). The total bulk mean water temperature determines
all of the water's thermo-physical characteristics.
- Friction factor

When a fluid is flowing through a tube at a particular velocity, it offers pressure
difference due to frictional resistances between the fluid, the twist and the wall. The
friction factor, a quantity used to evaluate frictional resistance, is linked to pressure drop

in the test section and may be computed as follows:
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AP (3.17)

Where, Ap is the pressure drop over the length L(N/m?). u is the mean velocity of fluid
(m/sec). p is the density of fluid (kg/m?3). di is the inner diameter of the tube (m).

- Thermal enhancement factor

The ratio of the tube's convective heat transfer coefficient to that of the plain tube is
known as the thermal enhancement factor () under constant pumping power. It may be

stated as follows:

(3.18)

Using the correlative equation of the Nusselt number for a plain tube and the respective
extended surfaces, the thermal enhancement factor is obtained in the following form:

htu di
hp

3.19
= a Re? pr03* (3.19)

'r]:

pp

3.3. Thermo-Physical Properties of Nano Fluid
The most important formulas and correlations for both volume concentration and
physical properties of Nano fluids will be reviewed. Thermal conductivity, viscosity,

density and specific heat will be included in the following sections:

3.3.1. Density
The following formula is used to determine the density of Nano fluids:

Pnf = (%) = (1= @) ppr+ D pp (3:20)

3.3.2. Specific heat
The following mixing rule, which was suggested by Rostamzadeh et al. (2014), is used

to calculate specific heat:

Cpyy = (1= ) (Cp)ps + @ (Cp)y (3.21)
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3.3.3. Volume concentration
The calculation of volume concentration for nanoparticles in base fluid is performed by

following relation:

(mp) (3.22)

3.3.4. Thermal conductivity
Said et al. (2013) Maxwell and Garnett model is presented as follows:

kng (1= 0) (kp + 2kyp) + 300k, (3.23)
kpr  (1—-0) (k, + Zkbf) + 3pkys

Rostamzadeh et al. (2014) Hamilton and Crossed model is one of the basic formulas

which are used as follows:

kng  kp+ (n—Dkyr — @~ 1)(kyp — ky) (3.24)
kys ky + (n— Dkps + @(kps — kp)

Where: n = =
"

In this formula, n is called particle shape factor while y is the sphericity which is defined
as the ratio of the surface area of a sphere with a volume equal to that of the particle to
the surface area of the particle.

1 = 1 is suitable for spherical particles and 1 = 0.5 for cylindrical one.

Wasp et al. (1977) simplified H-C correlation for spherical particles by assuming i = 1,

it will be used to calculate the thermal conductivity.

kng Ky + 2k —20(kys — kp) (3.25)

kbf kp +2kbf +(p(kbf_kp)

The formula developed by Rostamzadeh et al. (2014) will be utilized in this investigation

to determine thermal conductivity.
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3.3.5. Viscosity

Einstein has developed a viscosity correlation Said et al. (2013) given by Equation

(3.26) in terms of nanoparticle volume concentration in the base fluid, when the

nanoparticle volume concentration is lower than 5%, and is given by:

Unr = Hpr(1+2.50) (3.26)
Table 3.1. Properties of Nano fluid with different concentration of Al2O3
properties b =0% b =1% b =2% b =3% b =4% b =5%
Knf (W/m.K) 0.600 0.610 0.621 0.631 0.641 0.652
pn(kg/m®) 998.2 1027.02 1055.84 1084.65 1113.47 1142.29
wnf (Kg/m.s) 0.001002  0.001087  0.001198  0.001332  0.001492  0.001676
Cp, nf (J/kg K) 4182 4053.21 3931.45 3816.16 3706.84 3603.03
Knf / Ko 1 1.016 1.035 1.051 1.068 1.086
pnf /R bt 1 1.084 1.195 1.329 1.489 1.672

3.4. Assumptions

The basic design of double pipe heat exchanger is as shown in Figure 3.4. It has

been discussed in details for inner and annuli sides to show the parameters that effect on

its performance according to the following assumptions Sadik & Hongtan (2002),

Incropera et al. (2007).

1. Steady state condition.

2. The mass flow rate of each fluid remains constant and the fluid properties remain

the same.

Changes in the kinetic and potential energy are insignificant.

Axial conduction along the tube is typically negligible.

o 0k~ w

no internal heat production.

7. There is no phase transition inside the heat exchanger.

The specific heat may be considered constant with little loss of precision.

The exterior surface of the heat exchanger is believed to be fully insulated, with

8. Counter flow for both fluids passing on both sides of the heat exchanger.
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9. No chemical interaction between nanoparticles and base fluid during Nano fluid

synthesis or inside the heat exchanger.

Tegy
T
Te Ta
Ta <
) T
— —
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Figure 3.4 The hot and cold fluid direction

3.5. Numerical Simulation Setup and Solving Procedure

Rapid advancements in numerical technique and software, such as CFD codes,
have increased engineers' capability to address complex engineering problems. In order
to better comprehend the complicated hydrodynamics involved in many industrial
processes, CFD algorithms are used to represent the heat and fluid movement. To better
understand the intricate fluxes and heat exchange processes occurring within the tube,
many researchers have turned to computational fluid dynamics (CFD) modelling. The
current research utilized computational fluid dynamics (CFD) modelling with the
"FLUENT 20 package" to do numerical simulations on a simulated heat exchanger in
three dimensions. The flow field inside the heat exchanger is analyzed using the solutions
of continuity, momentum, and energy conservation equations. A smooth, finned tube is
tested with and without Nano fluids to see how they affect heat transfer. Subsequent

sections will elaborate on the numerical method.

3.5.1. Implementation of boundary conditions
In order to assess the performance of the existing heat exchanger, the following
conditions for the physical model must be met:
- Inlet Boundary Conditions:
Velocity inlet was specified various for inner and annuli sides during this study. On the

other hand, the temperature inlet of the inner tube is (60°C) while in annuli is (20°C).
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- Pressure Outlet Boundary Conditions:

The outlet domain is specified as pressure outlet for both sides.

- Wall Boundary Condition:

No slip boundary condition is specified in the wall of the inner tube. These conditions are

used to bound fluid and solid region.

3.5.2. Control parameters

Convenient numerical control and modeling approaches are crucial for enhancing
convergence and stability throughout the computation, since they facilitate convergence
and stability. FLUENT transforms the governing equations into algebraic equations that
may be solved numerically by using the control-volume approach. The control volume
method entails integrating the governing equations inside each control volume to get
discrete equations. ANSY'S Fluent User's Guide (2011).
3.5.3. Computing time and total cell number

In this work, the complexity of geometry that causes acceptable simulation
solutions to require a considerable amount of time is identified. When dealing with
complex flows, the model's intricate geometry and mesh resolutions may impose limits
on the computing time step. In essence, the time step would be constrained by the dense
mesh resolution. This study avoids simplifying geometry in order to get the maximum
possible degree of accuracy, which may be varied by reducing the resolution as long as
the computer's capabilities are adequate to run an accurate simulation. During this

experiment, 8.3 million cells are utilized on average.

3.5.4. Number of iterations
It is the maximum number of iterations required to terminate the solution. As seen
in the Figure 3.5, (1600) iterations are necessary for this investigation. To avoid

divergence solution, the under-relaxation is implemented as follows:

Pnew = (1 - a)previous + AP calculated (3-27)

Where:
@Pnew= The new under-relaxed value of ¢
Pprevius= 1he value of ¢ from the previous iteration.

@ caiculatea= The calculating value.
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The value for the under-relaxation factor should be in the range of (0<a<1),
The values of & are 0.7 for momentum equation and 0.3 for the pressure. This is because
values more than this will cause large instabilities in the solution for laminar and turbulent

flow which leads to difficult reaching convergence.

—g%vle 16408 ]
gy
eosion {6408 f

1e+04
10402
16400

1002 X :--/",_

0 20 40 60 80 100 120 140 160
Iterations

Scaled Residuals Apr 25, 2016
ANSYS Fluent 15.0 (3d, pbns, ske)

Figure 3.5. Residuals for running of double tube heat exchanger

3.5.5. Convergence
During the iterative solutions of the continuity, velocity, and energy equations for
the current investigation, the scaled residual is monitored. For convergence, the following
values are considered:
"Residual of continuity = 1x10>"
"Residual for velocities = 1x10°"
"Residual for energy = 1x107°"
K=1x10°
€=1x10°

3.5.6. Solving procedure
In FLUENT, the following procedures are carried out in order to accomplish numerical
simulation:

1. Examine and read the mesh.
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Display Style Element Quality
Body Color

Element Quality
Physics Preference Aspect Ratio
Relevance Jacobian Ratio
Warping Factor
Parallel Deviation

Figure 3.6. Mesh details tool box

2. Determine the model. Standard wall functions are used in the current K- (RNG)

simulation model. The energy equation must be enabled.

“® User-Defined Database Materials X
User-Defined Fluid Materials (3 & Material Type
alumina (Al203) Ifluid V]
water-liquid (h2o<l=) Order Materials By
@ Name
O Chemical Formula
[Copy Materials from Case... ] [Delete]
Properties
= 2|
Density (kafm3) R < I View. .. pad
| 998.2 | =
Cp (Specific Heat) (jfkg-k) e e 2 ] o =
[1006.43 I
Thermal Conductivity (wjim-k) e s ] View
[0.0242 |
Viscosity (kafm-s) T 2 ] iy
[0.001003 |
™|

[New...] [Edit...] [Save ] [Copy ] [Close ] [ Help ]

Figure 3.7. User-defined fluid material tool box

3. Discuss the qualities of the following substances: Nano fluids or water (depend on the
case) Copper.

4. Present the limiting constraints (section 3.5.7).

5. Select the following for the discretization of differential equations: Pressure = standard
Momentum = second order upwind Pressure—velocity coupling = SIMPLE Turbulent
Kinetic energy = second order upwind

Turbulent dissipation rate = second order upwind
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6. Launch the flow field.

7. Calculate using the observation of the scaled residual procedure.

X Residual Monitors

Options
[¥)Print to Console Monikor Check Convergence Absolute Criteria 4|
[¥]piot 1e-05
1 a) 1e-05
2) (G (e e
Trerations to Plot 1e-05
oo 1e-05 g
Convergence Crikerion .
Tterations to Store |absobate vl
E:} Iterations
: 5 4]
(v]
[V 5cale
[ ok | [ _Pot | [Renormasize]| | Cancel | [ Hep |

Figure 3.8. Residual monitor tool box

8. Save the findings in the proper folder and convert them to the TECPLOT application

in order to display them as described in chapter four.

3.6. Mesh Topology

The FLUENT program used an unstructured solver for the unstructured mesh. The
arrangement of links changes from point to point in an unstructured mesh. Additionally,
the connection of the mesh must be specified clearly using a suitable data structure. Thus,
increasing the cost of solution methods compared to structured meshes. However, the
higher geometrical flexibility provided by unstructured mesh might be essential when
working with domains with complex geometries or when the mesh must be adapted to
complex flow field characteristics. In this way, it is possible to apply the superior mesh
topology to complex geometries. The FLUENT program supports many element types
for mesh topology. Rebay (1993) restricts the number of mesh nodes and the node mode
in relation to element forms based on the element type.

This study employs triangular elements for the surface mesh and tetrahedron
elements for the three-dimensional geometry. This is due to their precedence in the

complex geometries. Figures 3.6 depicts mesh topology.
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It is more durable to divide the mesh generation process into subsequent steps

including two major issues for further controlling of the mesh. This may have included

the followings:

Surface mesh: It is created for the geometry including the tube surfaces and
twisted tape surfaces. A triangular element is used to generate a three-dimensional
pave unstructured surface mesh.

Volume mesh generation: When all surfaces were meshed for each individual
area, the volume mesh can now be created for each zone (entrance section and test
section) comprising a closed loop of area using T-Grid scheme. Building the mesh
requires fine cells in area near tube and twisted tape surfaces, so that it is
convenient for turbulent flow characterized. On the other hand, using this element
size in the whole domain would lead to an enormous number of elements. That is
why it was decided to use a fine mesh in the region near to the surfaces and use
coarse meshes as the distance from the surface grows. Therefore, the mesh should
be manipulated and controlled manually to keep smooth mesh transition and
maintain accurate mesh for a three dimensional model with a minimum

computational expense, this has been achieved through the following:

Triangular mesh Tetrahedron mesi
Figure 3.9. Mesh topology
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4. RESULTS AND DISCUSSION

The numerical results are discussed in great depth in this chapter. Inner tubes with
and without fins are studied for their ability to transmit heat. The impact of Al2Os
nanoparticles on the thermal conductivity of deionized water is studied. The current heat
exchanger with and without fins was simulated numerically in three dimensions using the
" K — ¢ (RNG) model." Both laminar and turbulent flow can be found on the inner and
annuli sides. To evaluate the efficiency of the present heat exchanger, a number of
variables are studied numerically. These include the concentration of nanoparticles in

volume, the Reynolds number, and the axial distance ratio.

4.1. Mesh Independence Test

The best computing grid can be determined by performing a grid independence
test, in which a finer grid yields the same results as the initial grid and the results do not
vary as the grid grows finer. Creating a grid with additional cells and comparing the two
models' solutions is the approach to determine if the solution is grid independent.
Experiments with grid refinement for the Nusselt number show that an approximate grid
size of (8) million cells provides sufficient accuracy and resolution to be used as the norm
in all circumstances. The results of a grid independence test conducted on a typical heat

exchanger with a volume fraction of @ =3% are depicted in Figure 4.1.

30 —

( Re= 2500, 0=3% )

25 -

e R e [ e [ e [ e [ [k
0 5000 6000 7000 8000 9000 10000
Numbder of cells

Figure 4.1. The grid independent solution test for typical twisted tape
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4.2. Validation of Numerical Results
The results of the present work have been compared to those of the shah equation
(Shah, 1975). Nusselt number changes along the inner tube are depicted in Figure 4.2. It

should be emphasized that the present work (numerical data) behaves similarly to the
shah equation with respect to the hot side.

25
Re = 250
A Prezsent Numerical Work
20 - @ Shah Equation

Nusselt number (Nu)
=

Lh

ﬂ ] I ] I ] ]
5 10 15 20 25 30 35 40
Axial distance ratio (Z/DV
Figure 4.2. Comparison between numerical work and Shah equation

4.3. Heat Exchanger Performance without Nano Fluid
4.3.1. Numerical contours analysis
The existing models' flow field and heat transfer are demonstrated using numerical

simulation results generated using ANSYS FLUENT 20. The following sections
elaborate on these results:

- Temperature and Velocity Contours

The temperature and velocity profiles of a smooth tube heat exchanger at different
water Reynolds numbers and axial distances are shown in Figures 4.3, 4.4, and 4.5,
respectively. Z/d = 0 has the highest cold water temperature and Z/d = 45 has the highest
hot water temperature. The fact that Z/d = 18 indicates that the cold water side will not
be significantly affected by a change in the water Reynolds number. It appears that the
cold water in annuli is the main source of this phenomena. The figures' velocity contours

show that the velocity distribution is constant at the cold water intake at Z/d = 45. The
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Z/d number dropping from 36 to 0 demonstrates that it will likewise tend to drop inside
the heat exchanger, along the inner and outer tube walls.

Velocity (m/s)
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3.29e+02 6.53e+00
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2.95e+02 3.63e-01
2.93e+02 0.00e+00

z/d=27

z/d=36

z/d=45

Figure 4.3. Temperature and velocity contours at Ren=650, and various axial distances
for smooth tube heat exchanger
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Figure 4.4. Temperature and velocity contours™ at Re,=1400, and various axial distances
for smooth tube heat exchanger
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Figure 4.5. Temperature and velocity contours™ at Re,=2000, and various axial distances
for smooth tube heat exchanger

Figure 4.6. Figures 4.7, 4.8, and 4.9 depict temperature and velocity profiles of a
finned tube heat exchanger for specified hot water Reynolds numbers and cold water mass
flow rates at various axial distance ratios. Results revealed a substantial increase in heat
transmission for Z/d values between 0 and 45 on both the cold and hot water sides. The
effect of fins on thermal transfer is evident from both sides. As the water Reynolds
number increases, the behavior of heat transfer enhancement for "Z/d = 27" and " m¢=
0.025kg/sec™ is evident.

As evidenced by the equation "Z/d = 18," it can be observed that an increase in
the flow rate to 0.045 kg/sec leads to an augmentation in the temperature difference on
the heated water side along the axial distance. Conversely, this increase in flow rate
results in a reduction in the temperature difference on the cold water side. The velocity
contours presented herein illustrate the consistent velocity of cold water at a
dimensionless distance of "Z/d = 45". At the Z/d location, there is a reduction in value
from 36 to O at the centre between each pair of fins. The graphs clearly demonstrate the

impact of the wall on the velocity of both the cold and hot water sides.
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Figure 4.6. "Temperature and velocity contours™ at Ren=650, and various axial distances
for finned tube heat exchanger
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Figure 4.7. "Temperature and velocity contours™ at Re,=650, and various axial distances
for finned tube heat exchanger
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Figure 4.8. Temperature and velocity contours at Ren=1300, and various axial distances
for finned tube heat exchanger
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Figure 4.9. Temperature and velocity contours at Ren=2000, and various axial distances
for finned tube heat exchanger
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4.3.2. Temperature

Figure 4.10, Figure 4.11, and Figure 4.12 illustrate the relationship between the
cold water side temperature differential and the cold water mass flow rate for smooth and
finned tube at various hot water Reynolds numbers. As a consequence of the increase in
cold water mass flow rate, the cold water temperature differential falls by (57%). The
cold water temperature differential on the finned tube is 63 percent greater than on the

plain tube. This is a result of the improvement brought about by a larger surface area.
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Figure 4.10. Influence of the cold water mass flow rate on the cold water temperature

differential at Ren = 250
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Figure 4.11. Influence of the cold water mass flow rate on the cold water temperature
differential at Ren=650
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Figure 4.12. Influence of the cold water mass flow rate on the cold water temperature
differential at Ren=2000

4.3.3. Heat dissipation

The effect of Reynolds number of hot water on the rate of heat dissipation in
smooth and finned tubes are shown in Figures 4.13 and 4.14, respectively. It was
performed at numerous values for the mass flow rate of cold water.
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Figure 4.13. Influence of the Reynolds number of hot water on heat dispersion at
m=0.025kg/sec
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These numbers demonstrate that finned tubes are superior to flat tubes in terms of
heat dissipation because of the increased surface area provided by the fins. Heat is
dissipated from a finned tube at a rate that is between two and three times that of a smooth
tube. Based on these calculations, heat dissipation increases with increasing cold water

bulk flow rate.
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Figure 4.14. Influence of the Reynolds number of hot water on heat dispersion at m =
0.045 kg/sec

4.3.4. Heat Transfer Coefficient
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Figure 4.15. Hot water's effect Reynolds number influence on heat transfer coefficient
for finned tube at Re; =7000
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In Figure 4.15 and 4.16, we see how changing the Reynolds number of the hot
water has an effect on the inner heat transfer coefficient at different Reynolds numbers.
It has been demonstrated that an increase in the water's Reynolds number causes
turbulence, which in turn increases the heat transfer coefficient on the hot water side.

When the cold water Reynolds number is raised, the hot water side's heat transfer
coefficient drops by 4%.
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Figure 4.16. Hot water's effect Reynolds number influence on heat transfer coefficient
for finned tube at Re; =10000

As shown in Figure 4.17 and Figure 4.18, for different hot water Reynolds
numbers, the annuli heat transfer coefficient varies in relation to the cold-water mass flow
rate in both smooth and finned tubes.
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The increase in the cold-water heat transfer coefficient can be attributed to the
turbulence that was produced by the higher cold-water velocities. The heat transfer
coefficient of finned tubes is greater than that of smooth tubes because of the additional
surface area provided by the fins. Based on the results of this study, the amplification
factor in the heat transfer coefficient from cold water falls within the range of (1.6 to 2).
The annuli heat transfer coefficient decreases by 9% (250-650) when the Reynolds

number of hot water is increased from 1 to 2.
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Figure 4.18. The influence of cold water mass flow rates on the cold water heat transfer
coefficient at Ren= 650

4.4. Heat Exchanger Performance with Nano Fluid

Nano fluid performance in finned tube heat exchangers has been studied in
relation to nanoparticle concentration in the fluid. When simulating Nano fluids, cold
water was given a Reynolds number of 13000. The thermal performance of heat

exchangers with Nano fluids is discussed below.

4.4.1. Numerical contours analysis

Figures 4.19, 4.20, and 4.21 depict the temperature and velocity contours of a
finned tube heat exchanger utilizing Nano fluids, respectively. Notably, the enhancement
of heat transmission on the cold water side occurs for Z/d values between 0 and 18.
However, Z/d ranges from 27 to 45 for the hot water side of things. Even though the

increase in thermal conductivity is rather modest, the thermos-physical properties of Nano
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fluid are primarily responsible for this increase. By increasing the thermal conductivity
of the basal fluid, this improvement in heat transfer behavior can be augmented further.
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Figure 4.19. Temperature and velocity contours™ at Ren=650, as well as a number of
different axial distances for the finned tube heat exchanger using the Alumina-Nano fluid
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Figure 4.20. Temperature and velocity contours at Ren=1300, as well as a number of
different axial distances for the finned tube heat exchanger using the Alumina-Nano fluid
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Figure 4.21 Temperature and velocity contours at Ren=2000, as well as a number of
different axial distances for the finned tube heat exchanger using the Alumina-Nano fluid

4.4.2. Heat dissipation

The correlation between the Reynolds number and heat dissipation in an Alumina-
Nano fluid is shown in Figure 4.22. 1t is evident that heat dissipation is enhanced with an
increase in the concentration and Reynolds number of the Nano fluid. Figure 4.23 displays
the volume concentration dependence of the heat dissipation in Alumina-Nano fluids. The
enhanced heat dissipation of Alumina- Nano fluids over a base fluid is shown in Table
4.1. The growth was unlimited (18.9 %).

Table 4.1 Enhancement of heat dissipation with Alumina-Nano fluid

Re Volume Concentration (%0) Qnf/Qbf Enhancement (%)
250 0% 1 0

250 1% 1.04 38

250 3% 1.08 7.4

250 5% 1.2 16.6

650 1% 1.16 14.2

650 3% 1.23 18.9

650 5% 1.3 23.2
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Re Volume Concentration (%) Qnf/Qbf Enhancement (%)

1300 1% 1.08 7.6
1300 3% 1.13 12.1
1300 5% 1.19 16.2
2500 1% 1.09 8.6
2500 3% 1.14 12.5
2500 5% 1.22 18.4
800
750 Alumina Nanofluid (5%)
700 - Alumina Nanofluid (3%%)
umina Nanofl 9
650 - ll:::-!onlzt:l \Valel:f((‘o(:b)s)
~ 600 -+
Z 550 -
£ 500
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Figure 4.22 The effect of Reynolds number on the heat dissipation of Alumina-Nano
fluid at different concentrations of volume
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concentration

Heat dissipation (W)

64



4.3.3. Heat Transfer Coefficient

The fluctuation of the heat transfer coefficient of Alumina-Nano fluids with
varying Reynolds number and nanoparticle volume concentration is shown in Figure
4.24. This graph indicates that the heat transfer coefficient increases as both the Reynolds
number of the Nano fluid and the nanoparticle volume concentrations in the base fluid

increase.
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Figure 4.24. Variations in the inner heat transfer coefficient as a function of the inner
Reynolds number for Alumina-Nano fluid at varied concentrations
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Figure 4.25. Variation of the inner heat transfer coefficient with Alumina-Nano fluid
concentrations
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Increasing the nanoparticle volume concentration increases thermal conductivity
and reduces the thickness of the thermal boundary layer. This is due to the mobility of
particles near the wall, their migration to the center of the tube, and the reduction in
viscosity near the wall. Figure 4.25 depicts the effect of volume concentration on the heat

transfer coefficient in Alumina-Nano fluids.

4.4.4. Heat transfer enhancement (Nu number)
In Figure 4.26, we see the effect of increasing the Reynolds number on the Nusselt

number for Alumina-Nano fluids.
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Figure 4.26. Effect of inner Reynolds number on inner Nusselt number for Alumina-
Nano fluid at varied volume concentrations
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Figure 4.27. Variation of the inner Nusselt number with Alumina-Nano fluid
concentrations
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These numbers demonstrate that an increase in both the Reynolds number and the
nanoparticle volume concentration leads to an increase in the Nusselt number. This
enhancement can be attributed mostly to Nano fluid’s enhanced thermal conductivity and
heat transfer coefficient. Figure 4.27 shows how the Nusselt number changes as a function

of concentration in Alumina-Nano fluids.
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5. CONCLUSION AND RECOMMENDATIONS

5.1. Conclusions

This paper presents a numerical investigation of the heat transmission in a double-

pipe heat exchanger with fins implanted on the outer surface of the inner pipe. The

investigation is conducted using a novel technique that incorporates Nano fluid to

improve thermal transfer. The primary conclusion of this study can be stated as follow:

The improvement in heat transmission is seen when fins are added to the outer
surface of the inner tube in the current heat exchanger. This improvement is seen
in the heat dissipation and cold water heat transfer coefficient values, which are
(2.3t03.1) and (1.6 to 2) times that of a smooth tube, respectively.

The temperature difference observed on the hot water side has a direct relationship
with the mass flow rate of the cold water, and experiences a reduction of 66% as
the Reynolds number of the hot water increases.

The temperature difference on the cold water side exhibits a direct correlation
with the Reynolds number of the hot water and experiences a reduction of 57% as
the mass flow rate of the cold water increases.

The incorporation of nanoparticles into the base fluid significantly enhances the
heat transfer coefficient of the existing heat exchanger. According to the findings,
the maximum observed increase for alumina nanoparticles is 20% when the
volume concentration is set at 5%.

Adopting fins on the outside surface of the inner tube significantly improved the
efficacy of heat exchangers.

The addition of fins to the heat exchanger enhanced heat dissipation, according to
the simulation results. In this model, cold water mass flow rates and hot water
Reynolds numbers have increased.

According to a computer simulation, adding nanoparticles to the base fluid
improves heat transmission.

The results of a numerical simulation demonstrated that adding fins to a heat
exchanger would increase heat dissipation. It is observed that heat transfer
behavior improves as air mass flow rates and water Reynolds numbers increase

within the current model.
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5.2. Future Work
The following suggestions are made for further expansion of the current work:

Studying the effect of adopting other types of base fluids like oil, ethylene glycol
and refrigerants.

Using other types of nanoparticles such as (Fe-Osz and CuO) to verify the
enhancement in heat transfer compared with (Al2O3) that used in present study.
Studying the effect of adding internal fins on thermal performance of heat
exchanger.

Investigating the performance of other types of extended surfaces (pins, serrated,
...etc.) in annuli side.

Studying the effect of adding twisted tape insert to the inner tube on heat transfer
enhancement.

Studying the effects of changing fin shape on cold water side heat transfer
coefficient.

Studing the effect of shape factor of Nanofluid on the heat transfer rate and

augmentation factor
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