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ABSTRACT

A nanofluid with different concentrations of Magnesium oxide (MgO) and
carboxymethyl cellulose (CMC) is examined in a horizontal direction U-bend double
pipe heat exchanger to improve the performance for parallel and counter flow under
the effect of single and two-phase flow. The study contributes for volume flow rate
(8, 10, 12 and 14) L/min for pure water, Water-CMC fluid at CMC concentrations
(0.2% and 0.5%) by weight, Water-MgO fluid at MgO nanoparticles concentrations
(0.125%, 0.25%, 0.5% and 1%) by volume, and Water-MgO-CMC fluid generate at

the same previous concentrations.

When 24 L/min of water injected with (360, 420 and 460) L/hr of air in
annular side, a two-phase flow recognized three types of flow regimes, bubbly, slug

flow and stratified flow.

The experimental work is done by using a double pipe heat exchanger with U
bend made out of two concentric pipes. The inner pipe is Copper pipe with inner and
outer diameters of 20 and 22 mm, respectively, and the outer pipe is a Perspex with
inner and outer diameters of 45 and 50 mm respectively. The experimental study
also includes a preparation of the nanofluid and the measurement of hot fluid

properties.

A CFD simulation is built based on the volume of fluid (VOF) model for
multiphase flow using the commercial code ANSYS Fluent 2020 R1. This code is
used to predict the temperature, pressure, velocity, and void fraction of two-phase
flow along the U-bend double pipe heat exchanger. This study is numerically
accomplished numerically by solving a set of partial differential equations, namely,
the conservation of mass, momentum and energy. These equations are linearized,
discretized, and solved by a finite volume method to obtain a detailed solution,

including the required parameters in flow field, and validate with experimental data.



The results indicate that the convection heat transfer coefficient (h) increases
by increasing CMC particles weight concentrations, MgO particles volume
concentrations, and hot fluid volume flow rate. The convection heat transfer
coefficient for parallel flow enhances from (2532.4) at a minimum flow rate of 8
L/min to (2771.71) at a maximum flow rate of 14 L/min. Moreover, adding 1% MgO
vol. and 0.5% CMC wt. the convection heat transfer coefficient increases from
(5062.57) at a minimum flow rate of 8 L/min to (5545.24) at a maximum flow rate
of 14 L/min. The friction factor increases with the increase of CMC particles weight
concentration, MgO particles volume concentration, and decreases with increasing

a hot fluid volume flow rate.

Depending on the two-phase flow effect, the convection coefficient increases
about 8% when air flow rate increases, and the effectiveness of heat exchanger
increases about 9%. The overall heat transfer coefficient of a counter flow is 4-6%

higher than that of a parallel flow with the addition of 1% MgO vol. and 0.5% CMC

wt. to pure water.

Finally, a comparison is carried out between the numerical and experimental
results for Newtonian fluid (pure water) at flow rate 8, 10, 12, and 14 L/min. There
is an excellent agreement between the numerical and experimental results (with
maximum deviation of 7% in Nusselt Number) of the present work along with quite
good agreements in the trends and values of the results that extracted from CFD

simulation of the present work with and obtained by significant researchers.
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CHAPTER ONE
INTRODUCTION

1.1 General Overview

One of the most popular forms of heat exchanger is the double-pipe model.
Principle work of this type is that the hot fluid flows inside the inner pipe, where the
cold fluid flows through the annular or vice versa. The direction of the fluid flow
can be either parallel or counter through the heat exchanger.

With the help of the heat exchanger's heat transfer mechanism, heat is
transported from one body or fluid stream to another. In order to compute the transfer
of energy efficiently under controlled circumstances, designing a heat exchanger

equipment is involved using heat transfer equations [1].

These types of heat exchanger are employed in sustainable energy application,
industrial, and commercial field because of their various sizes, ease of use,
manufacturing, and compactness. Conventional fluids, such as water, ethylene
glycol, steam and refrigerant are commonly used as heat transfer working fluids. To
improve this mechanism the heat transfer coefficient must be enhanced taking into

account size and cost of the heat exchanger [2].

1.2 Heat Exchanger Improvement Techniques
Many techniques have been offered to enhance the heat transfer mechanism in
a heat exchanger. Generally, these techniques are divided into three primary kinds
as shown in table (1-1) [3].
1.2.1 Active Techniques
This method entails using an additional external need to enhance thermal
energy transfer. Common models include reciprocating plungers, magnetic fields

that implemented different types of turbulent flow, shear force-producing vibrations
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in the flow, and effects on electromagnetic fields. There are various factors to take

into account when enhancing this method in double pipe heat exchangers [7].

Table (1-1): Sample of techniques used in research.

Authors Structure Technique

(a) )
(]

Flow out (Cold water)
T Outer Tube

| Inner 1.2:7—
Flowin __, —_axxa&ﬂ:ﬂ-

(Hot oil 1) -

i o — im@m 0 .
Yadav [5] | \I Passive

Zhen Zhang [4] Active

T

Flow m (Cold water) s
Twisre

=

Duangthongsuk [6] Compound

1.2.2 Passive Techniques

In a double pipe heat exchanger, they define this as the transfer of heat energy
without the use of additional external force, and the condensation process
demonstrates this method. The main principle of this approach is the changes in

geometrical style, surface shape, and various types of addition [8].
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1.2.3 Compound Technique

To improve results for various applications, compound techniques promote
thermal energy exchange in double pipe heat exchangers. This style emphasizes the
combination of active and passive technique. Hence, better modes from both active
and passive techniques, such as fins, coils, and turbulators, should be used to acquire

the best results from this technique [9].

1.3 Two Phase Flow

Engineering applications of two-phase flow have persisted over time, and with
that, the demand for more precise data and a deeper comprehension of the
phenomenon has grown. The simultaneous flow is related to a two-phase flow, such

as the movement of air and water [10].

Gas-liquid two-phase flow is best described as the interactive motion of two
different kinds of media. They are extremely important in many industrial
applications. The knowledge of non-boiling two-phase, two-component (liquid and
permanent gas) heat transfer is required. When a gas-liquid mixture flows in pipe, a
variety of flow pattern may occur, depending primarily on flow rates, the physical

properties of the fluids, and pipe inclination angle that reported [11].

Numerous significant technical applications, such as nuclear reactors,
chemical plants, solar collectors, oil wells and pipelines, frequently use gas-liquid
two-phase systems. Typically, when there is variation in pipe temperature with a
slug or intermittent flow, which may actually be more harmful than a high absolute

temperature, heat transfer coefficient must be understood for safety purposes.

1.3.1 Flow Phases
A phase is a simple state of matter, which can be a liquid, gas or solid flows
in the pipe. A simple phase is the single substance (usually pure), while the complex

phase has different matters, which are almost mixed. Multiphase flows can be
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subdivided into four categories which are illustrated [12] as: gas-solid, gas-liquid,

liquid-solid, and three-phase flow.

Two-phase flow is categorized as follows [13,14]:

1. According to the matter of phase:

i.  One component in two phases. (Steam-water flow)
i1. Two components in two phases. (Water-Air Flow)

2. According to the external wall state:

1. Adiabatic flow.
i1. Heating flow.
iii. Cooling flow.
1.3.2. Arrangement Two-Phase Flow in Pipe

Two-phase mixtures may be arrangement according to the position of pipe or
duct which carries the flow which was presented [13] as:

1. Horizontal flow

2. Vertical flow (upwardly or downwardly).

3. Inclined flow (upwardly or downwardly).

1.3.3. Flow Patterns

When the two-phases flow together in the same stream (channel or pipe),
many shapes of flow will be noticed, which are generally called "flow patterns".
These patterns are dependent on many factors such as: pipe geometry, position of
pipe, flow rate of phases, angle of inclination, nature of phases, and etc.

To predict which of the flow patterns exist in certain conditions in the flow,
many investigators drew maps to locate that depending on flow conditions, geometry
and position of pipe or duct, and types of phases when these flow through a pipe or
duct. These maps of flow pattern which are described by chart have many lines to

separate the consequent flow patterns [14].
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1.3.4 Flow Patterns in Horizontal Systems

Flow patterns of gas and liquid in a horizontal tube are strongly influenced by
gravity that acts to stratify the liquid to the bottom of the tube and the gas to the top.
Co-current gas-liquid flow in horizontal pipes displays similar patterns to those for
vertical flow; however, asymmetry is caused by the effect of gravity, which is most
significant at low flow rates. The sequence of flow regimes identified [15] is shown
in Figure (1-1). In the bubbly regime the bubbles are confined to a region near the
top of the pipe. On increasing the gas flow rate, the bubbles become larger and
coalesce to form long bubbles giving what is known as the plug flow regime. At still
higher gas flow rates the gas plugs join to form a continuous gas layer in the upper
part of the pipe. This type of flow, in which the interface between the gas and the
liquid is smooth, is known as the stratified flow regime. Owing to the lower viscosity
and lower density of the gas it will flow faster than the liquid. As the gas flow rate is
increased further, the interfacial shear stress becomes sufficient to generate waves on
the surface of the liquid producing the wavy flow regime. As the gas flow rate
continues to rise, the waves, which travel in the direction of flow, grow until their
crests approach the top of the pipe and, as the gas breaks through, liquid is distributed
over the wall of the pipe. This is known as the slug regime and should not be confused
with the regime of the same name for vertical flow. At higher gas flow rates an
annular regime is found as in vertical flow. At very high flow rates the liquid film
may be very thin, the majority of the liquid being dispersed as droplets in the gas
core. This type of flow may be called the spay or mist flow regime. It may be noted
that similar flow regimes can be seen with immiscible liquid systems. If the densities
of the two liquids are close the flow regimes for horizontal flow will more nearly
resemble those for vertical flow. Two-phase, two components (air-water), adiabatic

and horizontal flow are the cases under consideration in the present study.
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Stratified

Direction of
Flow

Figure (1-1): Flow Patterns in the horizontal flow [15].
1.4 Nanofluid Concept and Applications

When non-metallic or metallic nanoparticles with a typical size of less than 100
nm are dispersed in a fluid, they create a nanofluid, which is essential in heat transfer
and fluid flow engineering applications. Typically, metals, carbides, oxides, or
carbon nanotubes are nanoparticles utilized to create nanofluids. Base fluids also
consist of coolants such as ethylene or tri-ethylene glycols, water, oil, biofluid,
polymer solutions, and other lubricants.

Nanofluids are used in a variety of applications, such as grinding, lowering
boiler flue gas temperatures, chillers, chiller systems, fuel cells, pharmaceutical
operations, hybrid engines, and car engine cooling [16].

There are two methods, used for the preparation of nanofluids, single-step

method and two-step method. By using chemical solvents, a single-step process
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combines the creation of nanoparticles with their dispersion into a base fluid in one
step [17].

The most popular technique for making nanofluids involves two steps and
allows for large-scale production, whereas a single step only allows for the
dispersion of dry powders in a fluid. Processing is done in the two step using high-
shear mixing, ball milling, ultrasonic agitation, intense magnetic force agitation, and
homogenization [18].

1.5 Nanofluids Thermophysical Characteristics and Stability

The increase in the properties of nanofluid such as the thermal conductivity,
density, and viscosity lead to increase the effectiveness of heat transfer process.
When nanofluid flows in a pipe, the heat transfer from fluid to wall of pipe by forced
convection is considered. It is predicted that the increase in thermal conductivity
using nanofluid will be equal to the increase in heat transfer coefficient with

employing the nanofluid.

Nanoparticle form, concentration, and aggregation in nanofluids, and the
duration of the sonication process used to prepare them are the key factors

determining nanofluids' thermophysical characteristics [19].

The rheological and thermophysical properties of the resulting nanofluids are
greatly influenced by the consistency of the fluid-borne nanoparticles. Due to
particle collisions brought on by Brownian motion, clusters form in the base fluid.
Many internal forces between the nanoparticles and the base fluid, such as the
attraction between the particles caused by the Van der Waals forces, regulate the

cluster forms or aggregation [20].

The impact of methods for creating nanoparticles on the thermophysical
behavior and stability of nanofluids. Importantly, the study pointed out that there

doesn't seem to be a common approach to stability measurements. Once the
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aggregates' density rises above the base fluid's, they start to crystallize and

eventually compromise the stability of the nanofluids [21].

Utilized nanoparticles' volume and size, the mixture's temperature, and the
usage of surfactants all have an impact on the values of Nanofluids' thermophysical

characteristics [22].
1.6 Heat Transfer Mechanisms of Nanofluids

Since 1995, when nanofluids were first introduced, numerous mechanisms
have been proposed as possible explanations for the improved heat transmission of
nanofluids. It is difficult to fully comprehend the nanoscale impacts that underlie the
enhanced heat properties noted in the literature because of the size and volume of

interacting with the base fluid are particles.

The main benefit of using nanofluids is that they have better heat transfer
capabilities than conventional heat transfer fluids, increasing their thermal
conductivity. The type, size, concentration, and kind of base fluid, as well as the
thermophysical features of the nanoparticles and the base fluid, are factors that affect
the thermal conductivity augmentation [23]. Investigated the mechanisms that would
make it easier to simulate nanofluid flow, they emphasized the considerable
influence of forces like drag, Brownian motion, lift, Van der Waals, thermophoresis,
rheological behaviors of nanofluids and electrostatic double-layer forces on the
thermal. When particles in a fluid move at random and uncontrollably because of
collisions between slower-moving and faster-moving particles, this phenomenon is
known as Brownian motion. Thermal diffusion causes Brownian motion, which is
exacerbated by greater temperatures, smaller particle size, and low viscosity [24].
There are three different kinds of collisions that result from the nanofluids'
increasing temperature: collisions between base fluid molecules, base fluid

molecule-nanoparticle collisions, and nanoparticle-nanoparticle collisions as a result
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of Brownian motion. They came to the conclusion that, among the three different
types of collisions, Brownian motion's impact on a thermal conductivity

augmentation is the less [25].

the effect of nanolayers on the thermal conductivity of nanofluids. Their
results proved that the thermal model is enhanced as a result of accounting for this
factor. was the first to introduce the idea of nanolayers and their effect in nanofluid
thermophysical behavior. The nanolayer is known as the solid-like structure or the
interfacial layer between the solid surface and the first layer of the fluid in contact
with the solid surface. A structured, layered arrangement of the fluid molecules
around the surface of the nanoparticles was observed. These layers behaved like
solids and act as a thermal bridge for the heat transfer process enhancing the overall
thermal conductivity of the fluid. In the solid—solid interface, this layer acts as a
barrier of heat transfer due to incomplete contact between solid surfaces. However,
it is not the case for the solid—liquid interface as the aligned interfacial shell in the

nanoparticle suspension would make heat transfer across the interface effective [26].

The major cause of the thermal conductivity gain seen with nanofluids, as
supported by the scientific community, the random collision of particles within the
fluid s still occurring. Studying how the nanolayer affected the thermal conductivity
of fluids containing nanoparticles, a rise in nanolayer thickness and a decrease in
particle size were shown to increase the effective heat conductivity [27]. The
researchers came to the conclusion that altering the nanolayer structure would be a
useful way to create more thermally conductive nanofluids. The nanoclusters are
another element that affects the thermophysical behavior of nanofluids. It is
important to note that robust Van der Waals interactions in nanoparticles drive them
to aggregate into nanoclusters that provide rich zones of highly thermally conductive

nanoparticles, which increase the fluid's bulk thermal conductivity [28].
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1.7 Advantages and Disadvantages of Nanofluids

There are several advantages and disadvantage of nanofluids are summarized

in table (1-2).

Table (1-2): Main advantages and disadvantages of nanofluids.

Advantages

Disadvantages

The suspended nanoparticles concentration in the
base fluid increases the surface area of contact
viscosity, density, and effective thermal
conductivity of the fluid.

High cost of nanofluids and the higher
production cost of nanofluids are among
the reasons that may hinder the application
of nanofluids in industry.

The dispersion of nanoparticles flattens the
transverse temperature gradient of the fluid.

Suffers from the problem  of
agglomeration at the bottom of the tank. It
cannot use for long term due to
aggregation and sedimentation.

The turbulence and mixing of fluctuation of the
fluid increase the temperature distribution of the
base fluid.

In the case of wusing non-spherical
particles, the length should be in microns
and effect of corrosion and erosion take
into account

Smashing the sublayers that are generated near
the wall through the pipe.

Lower specific heat in compartion with the
base fluid and higher viscocity causes
higher pumping power

The collision between particles, fluid and wall
surface increases the temperature distribution in
the base fluid.

Problems in production process

1.8 Using Dispersed Medium

One of the major concerns for the design of any heat exchanger types or thermal
devices depended on fluid flow. Heat exchanger is very important device used in
various thermal application. As is well known, the principle of operation of the heat
exchanger depends on the heat transfer from hot fluid to cold fluid. To improve this
principle, several techniques must be used, as presented in section (1-2). To make
these techniques more effective, a nanofluid is added as a working fluid. It has been
observed when nanofluids are used, the deposition of nanoparticles occurs in the

base fluid. This separation causes many problems, including a decrease in heat

10
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transfer improvement, as it worked at the beginning of its addition to the system.
Therefore, nanoparticles must be kept suspended in the base fluid to obtain the best
heat transfer and prevent deposition problem, which is done by using a dispersed
medium. A dispersed medium has two media or more that do not mix together.

Clearing, the two media have very different nature.
1.9 Nano Particles Types
Nano particles can sub divided in three types [28]:

1. Metal types like as (Gold, Silver, Copper, Aluminum, and Iron.

2. Metal oxides like as (Alumina (Al2Os3), Copper oxide (CuO), Iron oxide
(Fe,03), Titanium dioxide (Ti0O;), Zinc oxide (ZnO), and Magnesium oxide
(MgO).

3. Non-metal like as carbon nanotubes are also utilized due to their extremely

high thermal conductivity in the longitudinal (axial) direction.

The Magnesium oxide (MgO) is select in this study due to various reason.
Firstly, MgO nanoparticles have been identified as a potential nano-powder for
increasing the thermal performance of various systems. Secondly, MgO
nanoparticles have anomalous thermal conductivity, which in turn can enhance the
conduction heat transfer within the system. Finally, MgO nanoparticles using in

thermal system which need to high pressure and temperature.
1.10 Objective of the Thesis

The present work aims to study the effect of two-phase flow on heating transfer
characteristics in a double pipe exchanger containing a pure water as a cold fluid and
various hot fluids. The hot fluids are pure water, water-CMC fluid, water-MgO fluid,
and water-MgO-CMC fluid. Cold fluid flows through the annular side of the pipe
while heated fluid flows inside. The Carboxymethyl cellulose (CMC) added to

nanofluids to prevent nanoparticles from deposition. Exploring the impact of
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nanofluid volume fraction and two-phase flow on enhancing heat transfer rate. The
current work's strategy is:

1. Numerical work focuses on Computational Fluid Dynamics (CFD) (ANSYS
FLUENT code 2020 R1) used to predict water and nanofluid flow (with and
without air injection) and temperature fields in a double-pipe heat exchanger and
comparison with the experimental work. This is numerically accomplished by
solving the Navier Stokes equations for momentum and energy.

2. Experimental work includes many steps such as:

a) Manufacturing double-pipe heat exchangers.

b) Setting up the experimental rig that contains all the necessary apparatuses and

required instruments.

c) Preparing different hot fluid (water-CMC, water-MgO, water-MgO-CMC)

and measurement of its physical properties.
d) Measuring the temperature of cold and hot fluids at their entrance and outlet.
e) Measuring the pressure of cold- and hot-fluid inlets and outlets.

f) Experimenting with different hot fluid flows in the inner pipe to determine the
heat transfer properties in the double-pipe heat exchanger for counter and

parallel flow configurations.
g) Studying the effect of two-phase flow on the heat transfer enhancement.

h) Using experimental data, establishing a correlation to assess the Nusselt

number and friction factor in order to forecast an increase in heat transmission.
1.11 Layout of the Thesis
The scope of this research can be summarized in the following stages:

1. Chapter one deals with an introduction of the problem.
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2.

The literature review is done on two phases, nanofluids, and heat transfer flow

as reported in chapter two.

. Chapter three deals with the experimental approaches that are used to solve

the problem.
Chapter four is devoted to the Computational Fluid Dynamics (CFD) that are
used to predict temperature, pressure, velocity, and void fraction of two

phases flow along the U-bend double pipe heat exchanger.

. Chapter five presents the result and discussion, which is divided into two

parts: experimental and theoretical results. Also, this chapter deals with
comparison experimental and theoretical results.
Chapter six illustrates the conclusions from this work and the suggestions for

further work.
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Chapter Two

Literature Review

2.1. Background

Heat exchangers were used in a variety of industrial processes to exchange
heat energy between two fluids. As a result, the development of these devices is
essential to the reduction of operation costs and the improvement of energy
efficiency. The use of heat exchangers in industries processing allows for the fluid
temperature to be more precisely controlled, which in turn leads to improve
product quality. The chemical, petrochemical, biochemical, and nuclear sectors
are the most common types of businesses that utilize heat exchanger, namely as
the cooling jackets in commercial reactors. Cooling jackets or coils are
responsible for producing the two-phase flow, and the coolant that is used has
saturation properties (temperature and pressure) that are comparable to those of
the system [29]. Bubbles may form in the liquid bulk even when flow conditions
are present, and this can lead to gas-liquid dispersion. Because of the shear forces
that are produced either by the liquid itself or by the equipment, such as the
impeller, or by contact with the wall, the flow hydrodynamics cause the bubble to
break apart and spread throughout the liquid. By heating the pipes to a temperature
that is somewhat near to the temperature at which the liquid is saturated, bubbles
that can be used in the gas-liquid dispersion may be produced. By vapor cooling
liquids in condensers at temperatures close to subcooling, it is possible to make a
gas-liquid combination that is analogous to that produced in stirred reactors [30].
Because of changing in the flow properties and physical properties of the bulk
fluid in the presence of dispersant, forced convection takes on new characteristics
[31]. With increasing a working fluid thermal conductivity, nano-scale
components were disseminated into the working fluid using this technology.

Nanoparticles were mixed into the working fluid to increase the heating transfer
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coefficient under forced convection conditions. Heat transfer characteristics are
improved by a greater dispersion of high conductivity nanoparticles in the fluids
[32]. The distribution of nanoparticles in a working fluid alters its viscosity,
density, and heat capacity in addition to modifying the flow conditions. Thermal
conductivity is affected by temperature, particle size, pH, and nanoparticle
concentration [33]. The static model [34] assumed that nanoparticles were
stationary in bulk liquid, with the nanofluid having a homogeneous distribution
of nanoparticles that flowed along the stream line inside the bulk fluid. The stream
line flow structure is deformed by turbulent flow, which also results in an uneven
distribution of nanoparticles [35], while dynamic models were linked with

assumptions of random nanoparticle movement within bulk fluid.
2.2. Previous Studies Related to Heat Transfer in Two Phases Flow

Cioncolini and Thom [36] analyzed the estimation of the fraction of responsible
liquid in adiabatic two phases annular move in vertical pipes. In this investigation,
of eight gas liquid mixtures and 19 various sizes, spanning from 5 to 57.1 mm, an
experimental data bank of 1504 points was created. Nine empirical correlations
were examined against this data bank. It was discovered that the correlations of
Sawant, Mishima, and Ishii of Oilman, Pots, and Trompe reproduced the data as
the best. A fresh correlating strategy that draws on both dimensional analysis and
physical intuition and is capable of giving film some atomization process more
physical context, was suggested, and it outperformed all previously used
techniques, which also serves as the governing, served as the foundation for the

new correlation.

Kashinsky et al. [37] concluded that gas is introduced into a liquid in a
rectangular channel with increasing surface liquid velocity at various inclination
angles to decrease the rate of heating transfer and shearing stress. Increasing liquid

velocity breaks up the bubbles to generate fragments, which is the most logical
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explanation for this discovery. In general, heating transfer enhancement rises with
rising laminar Reynolds numbers and begins to decline in turbulent areas. At
higher gas phase flow rates and higher liquid flow rates, single-phase flow

transfers heat more quickly than two-phase flow does.

Dizaji and Jafarmadar [38] investigated air bubbles were introduced into the
water stream in a horizontal twin pipe heat exchanger to study the influence on
gas-liquid dispersion bubbly flow. Result demonstrated influence of gas bubbles
improved heat exchange. Reduced heat transfer enhancement by raising the
Reynolds number, and heat transfer was increased by injecting bubbles more on
the shell side than the tube side. While air bubbles injected on the shell's side

would increase turbulence, bubbles injected inside the tube served as an insulator.

Vidal [39] presented a no-slip technique to forecast the friction factor and, by
extension, the frictional pressure are dropping for two-phase flowing. The method
1s more accurate than other ways that have been published since it is based on the
mixed Reynolds number redefinition. Unfortunately, due to the homogenous
hypothesis, that method disregarded pertinent two-phase flowing data. Through
the use of the void fraction and flow pattern parameters, two-phase flow
phenomenology is introduced in this work, changing the mixture Reynolds
number. To compare predictions and experiments, data from the open literature
were used. This information took into account a variety of two-phase horizontal
flow situations for refrigerants and air-water mixes. In order to confirm that the
new results are more accurate, the proposed-method predictions were also
compared with a model from the literature and homogenous approaches. The

enhanced friction factor method is presented in detail in this publication.

Abid et al. [31] studied employing a variety of liquids, including water, water
containing 60% ethanol, water containing 35% glycerol, and water containing

65% glycerol, researchers were able to determine the impact of the physical

16



Lhapter Twa Literature Review

characteristics of the liquid phase on the heating transfer coefficient in a bubble
column. They came to the conclusion that viscosity, surface tension, thermal
conductivity, and specific heating all have an impact on bubble size depending on
the type of liquid. Greater viscosity liquids produced big bubble sizes that
increased the heat transfer coefficient, whereas lower viscosity liquids produced

small bubble sizes that decreased the heating transfer coefficient.

Junior and Lima [40] illustrated that Gas-liquid flow in pipes may take the shape
of an annular pattern where the fluid flows as a thin layer near the pipe wall and
the gas flows as a core in the pipe central. This flowing pattern was frequently
observed during boiling and condensation processes, for instance, in the
petroleum, cooling, and steam production sectors. The interfacial friction
parameter was one of the crucial final elements in annular flow for defining the
interfacial shearing stress and, as a result, the pressure gradient. To estimate the
interfacial friction parameter, numerous correlations were established in the
literature. The primary goal of this research was to compare some of these
connections to experimental data that was also gleaned from the literature. Each
correlation's characteristics and constraints as well as its precision in connection
to experimental data were noted. Despite the fact that the correlations studied had
diverse characteristics, the results show that they produced generally excellent
results. However, further analysis incorporating more correlations and sets of

experimental data is still required.

Aliyu et al. [41] presented that it is crucial for correct modeling of pipeline
systems' pressure drop and convection coefficient are used to illustrate gas-liquid
interfacial friction in annular regime. Throughout the past 50 years, several
empirical relationships have been discovered. However, they were only
applicable for pipelines with inner diameters between 10 and 50 mm, were limited
to velocity ranges for each phase, and mainly applied for air pressures. In this

investigation, they experimented with 11-29 m/s and 0.1-1.0 m/s surface gas and
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liquid ranges for long flow stream with a 101.6 mm internal diameter. A broad
database compiled and used to examine documented interfacial friction factor
relationships. For various fluids types used to form two phases flows in pipes with
an inner diameter of 16 to 127 mm, the database includes measurements important
parameters for various implemented fluids types. Up to 6 bar of experimental
pressure was used in eleven experiments. Many published correlations and the big
pipe data showed significant disparities, especially for films area at low allowable
shearing stress. So, using large database, the interfacial friction parameter showed
a correlation. In order to properly express and accommodate required boundary
settings of experimental, fluid types characteristics, operation pressures and the

correlation incorporates dimensionless values.

Wang and Guo [42] elaborated that by using conformal transformation theory,
the inner flow field's velocity boundary layer and exterior flow field over the wave
interface were both achieved, providing an explanation of shear stress at the wave
contact at the most basic level. The wave interface's parameters, such as wave
height, wave length, and the ratio of ascending to descending semi period wave
lengths, were taken into consideration while calculating the viscous drag
coefficient. These elements significantly affect the gradient of velocity over the
wave interface, which 1s what determines how the local shear stress is distributed
differently. Also, the influence of fluid flow was investigated, providing evidence
that the sooner the fluid flow separated from the wave interface, The turbulent
perturbation was made and the resulting lower drag force was larger the

depression.

Ribeiro et al. [43] studied air-oil two phases flow in vertical pipe. The viscosity
of this type is high about 0.2 kg/m.s using 0.6 cm pipe diameter. The air-oil two
phases flow velocity employed at ranges 22.37-59.06 m/s and 0.05-0.16 m/s,

respectively. The two-fluid model was a method that is used to find different
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parameters and take into account friction coefficient. This model was very

important to know the types of flow regime

2.3. Previous Studies Related to Effect of Nanofluid on Heating Transfer.

For reasons of economy and safety, improving heat transmission in industrial
processes becomes a more difficult problem. Researchers are interested in
understanding the heat transfer phenomenon in solid-liquid dispersion (nano-
fluid) systems for effective heat exchanger design. A noteworthy method for
improving heat transfer is nanotechnology, in which materials at the nanoscale
are disseminated throughout the process fluid to increase the fluid's thermal
conductivity. When forced convection is present, to increase the heat transfer
coefficient and enhance heat transmission, nanoparticles are added to the process
fluid. By improving the dispersion of high conductivity nanoparticles in the fluid,
the heating transfer characteristics are improved, increasing the heat transfer
coefficient [44]. Several physical characteristics of the process fluid, such as
viscosity, and heat capacity and density, as well as flow conditions, are also
impacted by the dispersion of nanoparticles in the fluid. Temperature,
nanoparticle size, pH, and concentration all affect thermal conductivity. The static
model of thermal conductivity presumes that the nanoparticles in the bulk fluid
are stationary in which nano-fluid is a bulk fluid that contains uniformly
distributed nanoparticles that flow in a straight line [45]. Despite the assumption
that nanoparticles would move randomly within bulk fluid when combined with
dynamic models, flow turbulence deforms the stream line flow structure and
causes an unequal distribution of nanoparticles [46]. Maxwell-Granett modified
models are used to present the effects of nanoparticle shape, nanoparticle size,
particles-particle interaction, and interfacial thermal resistance [47]. Effective
medium theory (EMT), which is represented by the following equation, can be

understood by simple correlation:
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Keff _ Kp+2Kbf+2®(Kb—Kbf)
Kbf  Kp+2Kbf—-®(Kb—Kbf)

Q2.1)

The four mechanisms of nano-fluid conduction are Brownian motion is
brought on by nanoscale convection, bulk fluid particle collisions, heat transport
of nanoparticles in bulk fluid, and collisions between nanoparticles by [48]. They
suggested using convection at the nanoscale for known thermal conductivity.
There are different correlation models to find effective nanofluids thermal

conductivity.

Tables 2.1: Effective nano-fluid thermal conductivity correlations of different models.

Investigators

correlation

Model type

Maxwell-Granett
model[1904] [47]

Keff Kp+2Kbf +2®(Kb — Kbf)
Kbf — Kp+2Kbf — (Kb — Kbf)

Static model

Hamilton and Crosser

Keff Kp+2(n—1)Kbf +®(n—1)(Kb— Kbf)

Static model

[1962] [49] Kbf ~  Kp+2(n— DKbf — ®(Kb — Kbf)

3
Where n=-=
y

Corcione, 2011 [46] Keff _ 1 + 4.4 Rep®*Pross( T )10 Kp 1005 066 Dynamic
be Tfre be model
2pKb T Cpu _ —23
Where Rep = wiidp Pr = Wand Kb=1.38 *10™“°J/k

Li and Xuan [50] moderated equation to increase heat exchange rate utilizing Cu
nanoparticles as shown in the equation below and is applicable at ranges of 0<®<
2%, 10*<Re< 2.5* 10%.

Nu = 0.0059 Re%9238pr04(1 + 7.68. 06886 pe0.001) 2.2)

Maiga et al. [51] developed ALOj/ethylene glycol nanoparticles to be used to
construct a correlation for heat transfer rate enhancement that is appropriate at
ranges of 6.6 < Pr<13.9, 0< ®<10%, 10* <Re < 5* 10°, as shown in Equation:

Nu = 0.085 Re%71pr035 (2.3)

Buongiorno [52] developed a correlation for Al,O; nanoparticle-based heating

transfer rate enhancement that is relevant for ranges of
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0 =15.5,5000 < Re < 65000,0 < ® < 3.6%, as presented in the following
equation:

<£(Re—10 ))

1+5(§)0'5(pr0-6667—1)

Nu =

Pr 2.4

As previously stated, the fluid-particle interaction, particle-particle
collision, particle-tube wall collision, Brownian motion of particles, and shear lift
forces all have an impact on the forced convection parameters of nanofluids.
These forces deform the heat boundary layer by increasing the amount of
turbulent flow. Figure summarizes the several parameters that improve a
nanofluid flow's ability to transmit heat (2-1). Many studies investigations,
nanoparticles that are thought of as nanoscale solids suspended in bulk fluid have
been utilized. This section summarizes prior studies that are pertinent to the

current work. Some of the previously reported studies include:

Nanofluid phenomena
Fnoineered o Particle migration
ngmeer‘e o Particle clustering |
nanofluid o Stability /
# Degradation /
Type of base| Phaces ol
fluid _ >
+ . Nanofluid Forced convection heat
Additives thermophysical properties transfer performance
(surfactants,..)| | ¢ Thermal conductivity | o Nu i
' * Yooy | [ . Pre'ssure drop, friction factor |
+ * e s * Pumpin :}w’er
, # Density / pingp /
Nanoparticles / i /“
» Material g _ & — =
* Size =
sShape @ b
* Concentration| Flow parameters
W J « Flow regime \
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» Conditions (temperature,.. |
+ Type of HX, conduit, {,-’
geometry,... yd

Figure 2.1: effective factors in heat transfer enhancement parameters of nanofluid flow

forces [52].
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Duangthongsuk and Wongwises [S3] used TiO, nanoparticles with a 21 nm
diameter and a 0.2 vol% concentration to improve heating transfer in a horizontal
pipe. The findings demonstrated that 6—-11% improvement was achieved, and that
with increasing hot fluid flow rate and falling nanofluid temperature, the heating
transfer coefficient rose. Also, results showed that nanofluid had a friction factor
that was similar to that of water without nanoparticles and that it had no

discernible effects on pressure drop.

Zamzamian et al. [54] studied the improvement of heating transfer in heat
exchangers using CuO/ethylene glycol and Al,Os/ethylene glycol nanofluid. The
influence of nanoparticle size, concentrations, and temperature was examined,
along with forced conversation heat transfer. The findings were in good
agreement with correlations from earlier research. Outcomes demonstrated that
the convection coefficient rises by 0.02-0.5 for two reasons firstly increase

concentrations of nanoparticles and secondly the temperature of nanofluid.

Darzi et al. [S5] presented the effects of using 20 nm Al,O; nanoparticles
diameter on the heat performance and pressure drop of heat exchanger
experimentally. At temperatures ranging from 27 to 55 °C. It was determined what
a nanofluid's effective viscosity. The Reynolds values used in the experiments
ranged from 5000 to 20,000, with varying nanoparticle concentrations up to 1%
by volume. The results show that there is a strong possibility for improving heat
exchanger thermal performance by adding nanoparticles to the tested ranges when
the pressure drop penalty is minimal. Based on the Reynolds number and
nanoparticle concentration, an empirical connection for Nusselt number change

was developed.

Aghayari et al. [56] examined the improvement of gamma-AL,O3 nanoparticles
at volume fractions range 0.1%—-0.3% in a nanofluid were studied for their thermal

transfer coefficient and Nusselt number. Several parameters at counter flow
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direction flow like as heat transfer coefficient and Nusselt number were examined
in relation to temperature and nanoparticle concentration. The agreement between
experimental findings and genuine theoretical data depend on semiempirical
equations is satisfactory. The experimental findings demonstrate that the heating
transfer coefficient and Nusselt number increase by 19%-24. The heating
transmission coefficient has also been found to rise with operation temperature

and nanoparticle concentration.

Albadr et al. [57] presented counter-flow shell and tube design rig and used Al,O;
nanoparticles has 30 nm diameter and added at 0.3-2 by volume percent range to
the thermal fluid. According to the findings, a little increase in heating transfer
coefficient was brought about by increasing concentrations of nanofluid. When
the nanoparticles concentrations grew, the bulk fluid's viscosity increased higher,

which raised the friction factor.

Maddah et al. [58] studied heating transfer and total heat transfer were
experimentally by using a titanium dioxide nanofluid- and twisted-tape-equipped
double-pipe heat exchanger. Cold and hot water served as the working fluids on
both the shell and tube sides, with the inner tube having an § mm diameter and
the outer tube a 16 mm diameter. The twisted tapes had dimensions of 1 mm (d),
5 mm (W), and 120 cm (L) and were fabricated from a sheet of aluminum.
Nanoparticles of titanium dioxide were made with a concentration of 0.01% (v/v)
and a size of 30 nm. Researchers looked at the total heat transfer coefficient,
fluctuations in the turbulent flow regime's (Re=2300) heat transfer under various
flow conditions. Heating transfer coefficient increased by 10-25% when utilizing
twisted tape and nanofluid compared to when without using them. As operational
temperature and mass flow rate rise, so does the heating transfer coefficient, as
was also found. The experimental results also showed that compared to a non-

twisted control, a 0.01% TiO,/water nanofluid with twisted tape showed a slightly

23



Lhapter Twa Literature Review

greater friction factor and pressure drop. The empirical correlations for the friction

factor shown strong agreement in experimental outcomes.

Sahin et al. [59] investigated the impact of CuO nanofluid on improving heating
transfer in a horizontal pipe employing CuO nanoparticles with a size of 33 nm
and concentrations between 0 and 4 vol% and Re between 400 and 20,000. With
a volume fraction of 0.005 nanoparticles and Re=16,000, a 20% gain in heat
transfer was the greatest. The lowest enhancement was 5% with Re=20,000 and a

volume proportion of nanoparticles of 0.02.

Pandiarajuse et al. [60] used MgO nanofluids as a heat pipe with a flat plate's
working fluid. Powdered MgO was made using wet chemical techniques. The
solid state of created nano powders was characterized using Fourier transform
infrared spectroscopy (FTIR), X-ray direction (XRD) techniques, ultraviolet
spectroscopy (UV), and scanning electron microscopy (SEM). The ethylene
glycol and binary mixture of water was added to the nano powders to create
nanofluids. Using a transient hot-wire arrangement, the thermal conductivity of
the generated nanofluids was determined. Using the Box-Behnken response
surface method, a total of 17 tests were run. In order to statistically validate all of
the necessary components, their mutual expectations, and their quadratic terms,
analysis of variance was performed (ANOVA). For different temperatures,
volume fractions, and solution ph, MgO nanofluids' optimum stability and heating
conductivity were predicted, and the results were compared to actual data. The
findings showed that by increasing the particle concentration and pH of MgO
nanofluids at certain regions, thermal conductivity was increased and made stable

at the appropriate temperature.

Asadi and Pourfattah [61] explored the properties of ZnO- and MgO-engine oil
nanofluids, which are employed as coolants and lubricants, and their capacity for

heat transmission. The viscosity and heating conductivity tests were carried out at
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a range of temperatures (from 15 °C to 55 °C) and solid concentrations (from
0.125% to 1.5%). The nanofluids displayed Newtonian behavior over the tested
temperature and solid concentration ranges. The results also demonstrated that
samples containing ZnO exhibit a higher increase in dynamic viscosity than
samples containing MgO. The same temperature and solid concentration range
were used to assess thermal conductivity as well. At temperatures of 55 oC and
solid contents of 1.5%, maximum increases of around 28% and 32%, respectively,
engine oil nanofluids containing ZnO and MgO were observed. Additionally, the
effectiveness of the nanofluids for heat transfer was assessed using a variety of
figures of merit, and it was discovered that using the ZnO-engine oil nanofluid is
advantageous in a restricted temperature range whereas using the MgO-engine oil

nanofluid is advantageous exclusively in laminar flow regimes.

Rao and Sankar [62] conducted experimental investigation for the calculation of
the friction factor and CuO nanofluid convective heating transfer flowing through
a double pipe U-bend heating exchanger under turbulence. Several volume
concentrations (0.01%, 0.03%, and 0.06%) and varying mass flowing rates (8, 10,
12, and 14 LPM) were used to move the CuO nanofluid across the inner pipe of
the U-bend heating exchanger. With a constant mass flow rate of 8 LPM, hot
water was forced through the annulus tube. The findings show that as Reynolds

number and particle volume concentrations rise.

Pattanayak et al. [63] analyzed the utilizing a double-pipe counter-flow heating
exchanger, Al,O3;, CuO, TiO,, and ZnO-based nanofluids' abilities to transport
heat were examined at different volumes (0.025%, 0.05%, 0.075%, and 0.1%)
were examined. The manufactured double-pipe heat exchanger was made up of a
copper inner tube and an unplasticized polyvinyl chloride outer tube.
Dimensionless quantities like the Prandtl number, the Reynolds number, and the
Nusselt number, as well as the efficiency of a heat exchanger, were estimated

using the computed density, viscosity, and thermal conductivity. Transmission
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electron microscopy scanning, and electron microscopy were utilized to
characterize nanoparticles that had been prepared using a high-energy ball milling
process. The nanofluids' stability was ensured by the addition of polyvinyl alcohol
at a concentration of 3 percent as a surfactant. As the experimented volume
concentration increased, it was found that the Reynolds number decreased, yet the
thermal conductivity, viscosity, and friction factor all rose. With an inaccuracy of
just 11.4%, there is a correlation between the experimentally observed data for
the information for all of these nanofluids, including the Nusselt number. TiO,-
water nanofluids were found to be the most effective of all the nanofluids

examined.

Shirazi [64] investigated the using modified spiral bands and Al,Oz nanoparticles
as flow turbulators, heat transfer phenomena are seen in heat exchangers. Findings
are validated using established relationships. The results demonstrate that for
various hollow tape widths, the tube with cross-hollow twisted tape inserts
exhibits the optimum exegetics performance. The clearance, or the width
difference between the tube and the twisted tape, has an effect on the efficiency
of heat transmission as well. With decreased clearance, the exegetics become
more effective. When there are four unilaterally twisted tapes, the tube performs
at its best exegetically. The outcomes demonstrated that boosting nanofluid

concentration improves executive function.

Jassim and Ahmed [65] experimentally investigated and compared the effects of
two distinct nanofluids (Al,Os/water and Cu/water) at various volume
concentrations and flow rates on the efficiency of a double pipe heating
exchanger. The effects of altering the hot-side inlet temperature are also examined
at the selected concentrations. For each Reynolds number, the concentration of
the nanoparticles on a volume basis varies from 0.26% to 0.83% in the nanofluid
that is pumped on the shell-side of the heat exchanger. Findings showed that the

base fluid's nanoparticle content had a significant potential for transferring
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energy. The Nusselt number noticeably increases as the mass-flow of the
nanofluid is increased, according to observations of the experimental results.
Al203 and Cu both have enhancements of up to 13% and 23% for the Re and
concentration ranges indicated above. According to experimental findings, the
efficacy has significantly increased (up to 7% for aluminum oxide and 10% for
copper). Also, with an increase in the hot-side inlet temperature, performance
improves. While using nanoparticles, it has been found that a proportionate
relationship exists between the concentration and the amount of heat loss from the
shell-side (cold fluid) to the atmosphere. Also, it is observed that copper nanofluid

leaks less heat than aluminum oxide nanofluid.

Ali and Jalal [66] determined the impact of inner pipe twisting on a double pipe
heating exchanger's overall performance. The fluid-to-fluid heat exchange is
explored in both parallel and counter flow directions. Together with the initial
elliptical pipe, three other pipes are investigated for the heating transfer rate and
pressure drop. These three pipes have 3, 5, and 7 twists per unit length. Using
water as the working medium, with Reynolds numbers (Re) ranging from 5000 to
26,000, all experiments are carried out in a turbulent flow regime. The outcomes
show that all of the investigated twisting pipes enhance heat exchanger

performance in both flow directions.

Ding et al. [67] compared the use of numerical simulations to examine the heating
transfer and flowing properties of TiO,-H,O nanofluids in corrugated and smooth
double-pipe heating exchangers with 0.0, 0.1, 0.3, and 0.5, w% of TiO,. The
findings showed that TiO,-H,O nanofluids significantly improved heating
transmission as compared to deionized water, and that as the mass fraction of Ti0,
rose, the heat exchange capacity gradually increased. The corrugated pipe heating
exchanger disrupted the boundary layer and created vortices in the corrugated
zone, which hampered fluid flow on both the pipe side and shell side. This

enhanced the ability to transmit heat more effectively than a smooth double-pipe
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heating exchanger, however, it also made the pipe's fluid flow resistance higher.
In general, it was discovered that using corrugated pipes and nanofluids

considerably increased the double-pipe heat exchanger's ability to transmit heat.

2.4. Previous Numerical Studies Related to The Effect of Nanofluid on Heat
Transfer.

Akhtari et al. [68] analyzed using both experimental and computational methods,
of the heat transfer of an Al,Os/water nanofluid moving across double pipes and
shell and tube heating exchangers in laminar flow conditions. The properties of
heat transmission were analyzed, and the effects of key factors including
nanofluid temperature, nanoparticle concentration, and hot and cold volume
flowing rates were looked into. According to the findings, when the hot and cold
volume flowing rates, particle concentrations, and nanofluid inlet temperature
rise, both double pipe and shell and tube heat exchangers have improved heat
transfer efficiency. This was the case regardless of whether the heat exchangers
were double pipe or shell and tube designs. According to the findings, in double
pipe and shell and tube heat exchangers, the heat transfer coefficients of nanofluid
are greater by 13.2% and 21.3%, respectively, than those of water in the heat
exchangers when compared with the heat transfer coefficients of pure water. In a
shell and tube heating exchanger, nanofluid performs 26.2% better than a twin
pipe heating exchanger in terms of heating transfer efficiency. The modeling of
heating transfer in the aforementioned heat exchangers was accomplished by the
use of a method known as computational fluid dynamics. The calculated global
heating transfer coefficients of the nanofluids show a high degree of concordance

with the experimentally determined values.

Khedkar et al. [69] demonstrated the ability of TiO,-water nanofluids to
transport heat in a heat exchanger with 13 concentric tubes. Copper concentric
inner tubes measuring 1000 mm in length make up the heating exchanger. The

nanofluids are a mixture of TiO, nanoparticles and water as the base fluid. In a
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concentric tube heating exchanger, the outcomes of cooling nanofluids versus
using base fluids as coolant are compared. On a Concentric tube heat exchanger,
the impacts of the hot fluid input flow rate, Reynolds number, and nanofluid
composition are examined. Compared to water, which is also used as a cooling
medium, nanofluids have higher average heat transfer rates, and these rates
increase as the composition of the nanofluids changes. This study's findings are
technologically significant for concentric tube heat exchangers' 20 effective

design, which boosts cooling effectiveness in low heat flux cooling systems.

Davarnejad and Jamshidzadeh [70] investigated the use of computational fluid
dynamics to study the turbulent heat transfer characteristics of a magnesium
oxide-water nanofluid in a cylinder tube. The k-¢ turbulence model was used for
the two-dimensional modeling. The base fluid was pure water, with nanoparticle
volume fractions of 0.0625%, 0.125%, 0.25%, 0.5%, and 1%. The used Reynolds
numbers were between 3000 and 19000. Single phase and Volume of Fluid
(VOF), and mixed models were all utilized. The findings demonstrated a strong
agreement between the experimental data accessible in the literature and the
simulation data. Simulation in this study and experimental work both show that
when the volume percentage of nanofluid increased, the Nusselt number (Nu)
rose. Although the friction factor of nanofluid increasing, it had little impact on
the increase in heat transmission as compared to the Nusselt number (Nu). It was
found that two phase models, especially in higher volume percentages of

nanoparticles, were more reliable than the others in forecasting heat transport.

Ali F.H. et al [71] presented a rotating outer circular cylinder and a concentric
inner sinusoidal cylinder that were kept at constant hot and cold temperatures,
were utilized for mixed convection issues. A fluid made of water and copper
nanoparticles was placed in the empty distance between the walls of the cage and
the cylinders. The governing equations are modelled in COMSOL 5.2 a, a finite

element solver for partial differential equations based on the Galerkin technique,
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and are constructed for velocity, pressure, and temperature formulation. The solid
volume fractions are (0.02, 0.04, and 0.06), Re is (1, 25, 100, 200, and 300), Ra
is (less than 104) and the inner cylinder corrugation frequencies are (N =3, 6 and
9), are the governing parameters taken into consideration. The calculations show
that the average and local Nusselt numbers, stream and isothermal lines, and
nanoparticle volume fraction all play a significant influence in the formation of

the annular enclosure's

Rao and Sankar [32] performed CFD simulation for using the single phase fluid
approach method, The Reynolds number range of 3000 to 22000 was used to
estimate the convective heating transfer and friction parameter of CuO/water
nanofluid flowing in a twin pipe U-bend heating exchanger. The ANSYS 14.0
work bench was used to develop the U-bend heat exchanger prototype. Cast iron
and stainless steel were chosen as the inner and annulus tube materials in this
investigation. In this investigation, particle volume concentrations of 0.1% and
0.3% were employed. CuO/water nanofluid has a mass flow rate that ranges from
0.134 to 0.267 kg/sec while the mass flowing rate of hot fluid is still constant. In
a heat exchanger, the temperature of nanofluids is kept at 333 K. The findings
showed that as volume % and Reynolds number increased, Nusselt number
increased and friction factor decreased. The numerical results show that for a
nanofluid with a concentration of 0.3%, the Nusselt number augmentation is 18%,

and friction penalty that is 1.14 times that of water.

Tijerina et al. [72] evaluated the separate experiments, laminar convective heat
transfer was used to study straight conventional tubes (L = 5.34 m, dt = 10 mm)
and straight microtubes (L = 0.3 m, dt = 0.5 mm) flow of nanofluids with constant
temperature and heating flux. Al,O3, TiO,, SiO,, ZnO, and CuO, nanoparticles
were used in place of water, ethylene glycol, and turbine oil to test a variety of
process variables. In the present study, six alternative combinations of base fluids,

geometries, and nanoparticle concentrations are taken into account. The single-
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phase dispersion model (SPD), in addition to the single-phase model, was
employed to evaluate the efficacy of the estimated results (SPH). The findings
revealed that as the Reynolds number grows, the Nusselt number (Nu) climbs as
well (Re). Moreover, the Nu considerably increased with increasing nanoparticle
concentrations (up to 16% at volume fraction b =4%, Re =950). To enable a wide
range of technical applications, for a variety of process conditions, straight
traditional tubes and straight microtubes are used to flow nanofluids, and heating
transfer correlations are generated for each of these configurations (25 Re 1500,

0B 10, 6 Pr 500).

Kaska et al. [73] conducted CFD model using commercial software that uses the
SIMPLE algorithm and finite volume approach. A new idea for a hybrid nanofluid
is water mixed with aluminum nitride (AIN) and alumina (Al,O3) nanoparticles
as the base fluid to improve heat transmission. The simulation methods were
carried out using volume fractions of 1, 2, 3, and 4% and Reynolds numbers
varying from 5000 to 17000. The diameter of the nanoparticles is fixed at 35 nm,
and 7000 w/m? of heat is supplied along the elliptical tube. With the help of
experimental data that was previously published in the literature, computational
results were validated. The findings demonstrated that the distribution of hybrids
Al-Al203 nanoparticles in water as a base fluid considerably improves thermal

transfer.

Naik et al. [74] demonstrated heat transfer increase employing various nanofluids
comprising nanoparticles (Al,O3;, Cu, Ag, TiO,, SiO,, Fe) volume percentage
(0.02 0.05). CFD (Computational Fluid Dynamics) is used for numerical
simulations, while Solid Works is used to construct the model. The governing
equations are discretized by using finite volume method and solved using
SIMPLE. The results showed that the heating transfer rate increases as the flow
rate increases. Also, it has been discovered that as operating temperature and

nanoparticle concentration rise, the heat transfer rate rises.
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Bendaraa et al. [75] investigated the way nanofluids behave thermally in a
double-pipe heating exchanger. The lubrication unit of a thermoelectric power
station is to be cooled using a counter-flow design. The goal of this research is to
compare the heat performance of an exchanger with deionized water and a
nanofluid depend on an alumina suspension. They performed numerical tests in a
usage built on the COMSOL to evaluate the thermal performance of the
investigated configuration. These studies serve to show the applicability of this
theory. As a consequence, the discovered that the nanofluid's volume fraction
increases the exchanging coefficient overall, the efficiency and power of the
exchanger, as well as the convective heating transfer coefficient. It is stated that a
1% increase in volume percentage can improve the exchanger's power, efficacy,
and overall exchange coefficient by 17.62%, 1.473%, and 10.80%, respectively.
Also, it is noted that when nanofluid concentration rises, the temperature pinch
points at the intake and outflow decrease, indicating that nanofluids are more

effective at lowering temperatures than traditional fluids.

2.5. Previous Studies Related to Impact of Nanofluid-CMC on Heating
Transfer

In the laboratory, Semmar et al. [76] used polymers like carbopol and
carboxymethyl cellulose can be dissolved in water to replicate the thermo-
rheological behavior of complicated fluids. Then, with high accuracy, their
thermophysical characteristics must be known. Thermal balance and the
description of temperature field development in unstable settings are made
possible, in particular, by the research of specific heat at constant pressure. In this
study, results on the direct determination of the specific heating of two solutions
at temperatures between 20 and 90 °C are presented. The specific heat was more
temperature dependent for carboxymethyl cellulose solutions than for Carbopol

solution. Additionally, the examination of the concentration dependence of the
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specific heat demonstrates a molecular energy contribution. As a result, the

surplus of the specific heat value of the water may be close to 8%.

Semmar et al. [77] used adiabatic calorimetry to investigate the impact of thermal
and mass concentration on two extremely viscous solutions' specific heat
capacities. The development of specific heat capacities with temperature is
contrasted to pure water, and the absolute measurements were automated to run
continuously over the temperature range (CPE). 290-360 K, with an average
heating rate of 8104 K/s. For both carboxy-poly-ethylene and carboxy-methyl-
cellulose (CMC) solutions. The increase in temperature brought on by CPE
solutions is comparable to the growth of Cp in pure water, with a variable value.
At 83 g/l concentration, CMC solutions exhibit the same temperature behavior.
Lower concentrations respond much differently to temperature. We provide a
correlation to take temperature and concentration parameters into account,

making it simpler to use these data.

Reddy and Rao [78] determined experimentally TiO, nanofluid flowing in a dual
pipe heating exchanger with and without helical coil inserts: heating transfer
coefficient and friction parameters. The studies made use of Reynolds numbers
between 4000 and 15,000 and volume concentrations between 0.0004% and
0.02%. The basic fluid is created using 40% ethylene glycol and 60% distilled
water. The heating transfer coefficient and friction parameter increase by 10.73%
and 8.73%, respectively, when compared to base fluid moving in a tube, as 0.02%
volume concentration of nanofluid is utilized. The heating transfer coefficient and
friction factor in a tube with a P/d = 2.5 helical coil insert are increased by 13.85%
and 10.69%, respectively, for 0.02% nanofluid compared to base fluid. The
observed heating transfer coefficient and friction parameter values are compared
to those in the available literature. Generalized correlations for friction factor and

Nusselt number are developed based on experimental data. The findings are
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presented graphically and in tabular form. Furthermore, conducted is an

uncertainty analysis, and the experimental error is in the 10% range.

Kholiya et al. [79] established of using the Vinet-Tait-Birch-Murnaghan , and
Shanker equations of states, a straight forward model calculate the pressure for
MgO under high compression, the high-pressure behavior of solids is studied
(EOSs). Stacey's development of the basic thermodynamics for solids in the limit
of extreme compression is also addressed in relation to these EOSs. It is found
that the results from the current model, Birch-Murnaghan EOSs, Vinet, and Tait,
are in agreement with the experimental proof of MgO's high-pressure
compression behavior. In the ultrahigh pressure zone, it has also been found that
the present design and the Stacey requirement is met by the Birch-Murnaghan

EOS.

Qiao et al. [80] developed Maize starch, polyvinyl alcohol, and borax are used to
create a starch adhesive. During the preparation process, water resistance was
increased by including a certain amount of water-soluble carboxymethyl
cellulose, and a specific amount of pre-polymerized poly-methylene poly-
phenylene isocyanate was used as a cross-linking agent. Mechanical testing
apparatus was used to evaluate the bonding strength of three-layer plywood in
accordance with the National Standard of the People's Republic of China, GB/T
17657-2013, and water resistance was evaluated using hot pressing. Scanning
electron microscopy (SEM), differential scanning calorimetry (DSC), and
thermogravimetric analysis (TGA), were used to evaluate adhesion cure. The
results showed that the interface compatibility between starch adhesive and pre-
polymer, bonding strength of the starch adhesive, solids content, and initial
viscosity, were all improved. The optimal CMC content was 0.375% as the

adhesive's curing temperature decreased.
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Akbari et al. [81] modelled Hydrodynamic and heat-transfer properties of non-
Newtonian nanofluids. The researchers used alumina at volume fractions of 0.5
and 1.5 as the solid nanoparticle in a numerical simulation of a laminar forced
non-Newtonian nanofluid flow with a 0.5 weight percent CMC solution in water
as the base fluid. A two-dimensional microchannel with a Reynolds number range
of 10 Re 1000 was numerically solved using a Cartesian coordinate scheme. The
rectangle-shaped geometric area under study had its top and bottom walls affected
by a constant heat. Researchers looked into the effects of Reynolds number, non-
Newtonian nanofluids, and nanoparticle volume fraction. The impact of non-
Newtonian nanofluid motion on pressure drop, the Nusselt number, dimensionless
temperature, and heating transfer coefficient is discussed in this study. The
findings showed that increases the volume percentage of solid nanoparticles and
decreasing their diameter will enhance heat transmission, which is particularly
relevant in the Reynolds parameter. The outcomes of the added factors are

graphed and compared for various parameters.

Das et al. [82] explored the stability and Al,Os-water nanofluids properties are
examined, along with the effects of surfactants on those qualities. Further
investigated are solid volume fractions (0.1-2.0%) and the impact of temperature
(20-60 °C). Many surfactants are used to test the stability of nanoparticle
suspensions, with sodium dodecylbenzene sulfonate (SDBS) offering the better
stabilization. Rod-shaped particles with diameters between 20 and 70 nm are
visible in TEM pictures. Adding SDBS surfactant lowers particle clustering and
the suspension's polydispersity index, according to DLS experiments. Solid
volume percentage increases and heating conductivity increases (0.1-2.0%),
whereas the viscosity of Al,Os-based nanofluids in water rises with solid volume
fraction (0.1-1.0%) and decreases with heat. The obtained values for viscosity and
heating conductivity are contrasted with those of other current models. Lastly, a

sensitivity analysis was performed, and the results that, at a given thermal, particle

35



Lhapter Twa Literature Review

loading increases the sensitivity of thermal conductivity. The findings provide a
comprehensive thermophysical feature database of water-based Al,O3; nanofluids

for usage in a variety of engineering applications.

Arya et al. [83] studied the MgO/ethylene glycol nanofluid counter current
corrugated plate heating exchanger's thermo-hydraulic performance. In order to
conduct heat exchange with water. In ethylene glycol, MgO nanoparticles were
diluted to 0.1%, 0.2%, and 0.3% concentrations. After that, a counter-current flow
of the nanofluids was introduced to the heat exchanger. The test rig provided
circumstances for determining how several operational factors, such as mass
concentration, pressure drop, input temperature of the nanofluid, fluid flow,
affected the heating transfer coefficient, and thermal performance index of the
heat exchanger. It has been demonstrated that mass concentration and flowing rate
raise the heating transfer coefficient. Nonetheless, both of them cause the system's
pressure to fall. With wt% = 0.3, it was discovered that the thermal transfer and
pressure drop were both 35% and 85% higher. Surprisingly, input thermal was
found to have no influence on pressure drop readings and only slightly increase
the heating transfer (up to 9.8% at wt% = 0.3). The thermo-hydraulic performance
index of the heating exchanger was observed for increasing by 34% with the

introduction of MgO nanoparticles.

Suppiah et al. [84] examined Halloysite nanotube content's impact on films made
of carboxymethyl cellulose and halloysite nanotube's thermal characteristics and
moisture content. Solvent casting was used to make the carboxymethyl cellulose
and HNT-based bio-nanocomposite films. The thermogravimetric analysis (TGA)
findings showed that the thermal stability of CMC/HNT bio-nanocomposites was
enhanced by the incorporation of Halloysite nanotube (HNT) nanofiller. The
outcomes demonstrated that the thermal degradation temperatures (Td1 and Td2)
and the amount of residue left after burning at 800 degrees Celsius rose as the

amount of HNT filler increased. This demonstrated the effective incorporation of
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the HNT nanofiller into the CMC matrix in the bio-nanocomposites. The moisture
content of the CMC/HNT bio-nanocomposite films dropped as the amount of
HNT increased.

Gupta and Varshney [85] used the carboxymethyl cellulose (CMC) complexed
with lithium tetrafluoroborate method to produce a solid polymer electrolyte that
conducts lithium ions. Using an ac impedance analyzer, the ionic conductivity at
room temperature was determined to be 8.2 106 S cml. Conductivity increased
even further thanks to the plasticizer, reaching up to 3.7 103 S cml at ambient
temperature. Fourier transform infrared (FTIR) spectroscopy and X-ray
diffraction (XRD) were used to analyze the structure. According to the XRD
results, the electrolyte film is amorphous. The complexation of the salt and
plasticizer with the polymer matrix was verified by FTIR spectroscopic analysis.
The glass transition and melting temperatures of pure CMC and CMC-based

polymer electrolyte sheet were assessed using differential scanning calorimetry.

Arya et al. [86] looked at a double-pipe heat exchanger's capacity to use MgO-
ethylene glycol as a heating transfer fluid. Two processes were used to create the
nanofluid, containing 0.1, 0.2, and 0.3% by weight. The test rig supplied the
environment for determining the system's friction factor, pressure drop, and
convective heating transfer coefficient. Experimental research was done to
examine the effects of several operational factors on the heat transfer coefficient
and pressure drop, including flow rate, nanoparticle mass concentration, and fluid
intake temperature to the heat exchanger. When wt%=0.3, the heating transfer
coefficient inside the heating exchanger may be 27% higher than the base fluid.
(Ethoxylated Glycol). When MgO nanoparticles were present, the pressure loss
increased by 35% at wt% = 0.3. According to the 64/Re equation, the system's
friction factor decreased nonlinearly as the Reynold number rose. When the mass
concentration of nanoparticles rose, the friction factor rose as well, with the

nanofluid with a mass concentration of wt%=0.3 showing the largest rise in
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friction factor (32%). Similarly, it was discovered that the input temperature had
no impact on the system's friction factor or pressure drop, but did have a little
impact on the heat transfer coefficient. Also, experimental studies of a MgO-
ethylene glycol nanofluid's thermo-physical characteristics at various thermal

were carried out.

Svetlov et al. [87] examined the procedure of heat exchange that is performed on
wet sodium carboxymethyl cellulose. It was determined how to go about
determining the thermal conductivity coefficient of a medium that included wet
dispersion particles. The thermophysical characteristics of sodium carboxymethyl
cellulose were investigated and characterized. Research was done to determine
how a material's thermal conductivity coefficient is affected by the amount of
moisture it contains and its density. In order to determine the heating conductivity
coefficient of sodium carboxymethyl cellulose at various densities of the wet
material, an empirical equation was derived by processing the experimental data.

The coefficient was calculated using this equation.

Arya et al. [88] investigated to assess a double-pipe heating exchanger's
prospective use of MgO/water-ethylene glycol nanofluids. Experimental
measurements were made of the heating exchanger's total heating transfer
coefficient, the working fluid's inlet temperature, the pressure drop, indicator of
the nanofluid's hydraulic performance, and the friction factor. The asymptotic
particulate fouling model was used to study and model of inside the heating
exchanger, where nanoparticle fouling has occurred. Findings indicated that when
Re = 10500 and wt.% =0.3 in the turbulent domain, MgO nanoparticles can
improve the heating transfer coefficient by 39%. Moreover, the inclusion of MgO
nanoparticles increased the pressure drop and the friction factor values. At
Reynolds number = 10500 and weight percentage = 0.3, the former was improved
by 33.8%, while the latter was improved by 37%. The creation of a porous particle

fouling layer on the interior wall inner of tubes results in a fouling thermal
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resistance that changing asymptotically with time, according to the results.
Overall, the combination of MgO/water and ethylene glycol exhibits excellent

potential for application as a coolant in heating exchangers.

Ali et al. [89] examined the MgO-oil based nanofluid's ability to transfer heat in
a tiny counter-flow double pipe heating exchanger. The basis fluid for the
nanofluid was maize oil, and the MgO particles were nanoscale. The heat
exchanger had a length of 500 mm and was constructed of 316 stainless steels. In
the inner tube, the nanofluid serves as the heating medium while the annulus is
filled with cold water. The commercial software ANSYS FLUENT 17.0 was
utilized for numerical analysis. The results of using nanofluids as a hot medium
are contrasted with those of using pure oil as the base fluid. Researchers have
looked at the impacts of hot nanofluid input flow rate and nanoparticle
concentration. It is discovered that the typical heating transfer rates for nanofluids
are greater than those for pure maize oil. The total heating transfer coefficient and
heating transfer rate are both positively impacted by increasing MgO content and
nanofluid intake flow rates. In contrast, the pumping power increases as the

pressure drop increases.

Akinpelu et al. [90] investigated the thermophysical properties of three metal
oxides during drilling operations at various temperatures, including titanium
dioxide (Ti0,), aluminum oxide (Al,O3), and copper oxide (CuO) dispersed in a
CMC water mixture. Each oxide's nanoparticles were assessed at a maximum
concentration of 0.4 volume percent at less than or equal to 0.4 concentration in
water. The established governing equations were reduced to a set of Ordinary
Differential Equations, which were then numerically solved utilizing the shooting
method and the Runge Kutta Scheme (order 4). The results demonstrated that the
metal oxides improved the heat transfer properties of the CMC/water
combination. Moreover, the increase in conductivity with TiO, in CMC water is

the least and the biggest with CuO in CMC water combination. As the volume
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percent of nanoparticles in the dispensing medium grew, viscosity and thermal
conductivity increased as well. When these results were compared to earlier

research, they were found to be in perfect agreement.

Hasan et al. [91] studied and minimized oil fouling in a twin pipe heating
exchanger using a surface active agent to facilitate the flowing of a dispersion
fluid with varying amounts of dispersed oil fractions in water. Under turbulent
flow circumstances, for both hot and cold fluids, the effect of the dispersed oil
fraction (5%vol and 10%vol) and temperature (35 C - 55 C) on the oil fouling rate
was investigated and addressed. To minimize the fouling rate in turbulent flow,
different quantities of alkylbenzene sulfonate were used as a surfactant. It was
discovered that when the fluid temperature lowers, the fouling thermal resistance
(Rf) rises. Because of increased oil deposition, for all temperatures, the Rf
increases as the fraction of dispersed oil increases. A considerable reduction in Rf
was seen after adding 0.2%vol to 0.5%vol of alkylbenzene sulfonate, based on the
oil fraction and Reynolds number. As Reynolds number fell, the mitigation

percentage rose, reaching as high as 96%.

Yanjiao et al. [92] presented of creating boron nitride/ethylene alcohol (BN/EG)
nanofluids in two steps. Investigations were done on how dispersant affected
stability, thermal conductivity, and viscosity. The results demonstrated that the
addition of anionic and cationic dispersants rapidly reduces the stabilization of
BN/EG nanofluids, which has minimal practical application value. Non-ionic
dispersants, on the other hand, may increase stability and fluidity while also

increasing heat conductivity.
2.6. Motivation

From the literature can be concluded that the works focused on the heating

transfer enhancement using different techniques and nanofluid in heating
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exchanger. It can be noted increasing Reynolds number, nanofluid concentrations,

mass flow rates lead to enhance the convection heat transfer.

The objective of this study is to investigate the impact of single and two
phases flow on the heat transfer characteristics of double pipe heat exchangers
containing various hot fluids types. The hot fluids are pure water, the water-Cmc
fluid, the water-MgO fluid and the water-MgO-Cmc fluid. The water-Cmc fluid
results from mixing pure water with Cmc at two concentrations 0.2% and 0.5%
by weight. The water-MgO fluid results from mixing pure water with MgO
nanoparticles at four concentrations 0.125%, 0.25%, 0.5% and 1% by volume.
The water-MgO-Cmc fluid present main fluid in this work result from mixing
pure water with each previous concentration of MgO and Cmc. Besides, the
influence of the two phases flow and mixed nanoparticles with surfactant together
will be studied for the first time considering the influence of heat exchanger
design and flow conditions which fill the gap in the previous publications. Also,
there is no experimental work implements this case which can lead to illustrate

the complex phenomenon in full-details.

In this study, the impact of using two phases flow in annular side and different
hot fluids flow in inner pipe, will be carried out experimentally. The hot fluids
heated to 50 °C and using a high technique equipment in measuring the parameter
such as pressure sensor and temperature data logger. The CFD simulation carried
out by using the commercial code ANSYS Fluent 2020 R1 to find temperature,
pressure and velocity distributions for nanofluid flow under effect of single and

two phases flow.
2.7 Summary of important investigation

Based upon the comprehensive review and according to the author’s

knowledge there is many works on heat transfer effected by two phases,
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nanofluids and nanofluids with surfactant in heat exchanger application as

indicated in table (2-2).
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Table (2-1): The scope of literature review.

Author System parameters Results
the Nusselt number of nanofluids increases with
CuO nanofluids flow in a increase of Reynolds number and particle volume
double pipe U-bend heat - Flow rate concentrations. The Nusselt number enhancement is
Rao and Sankar
exchanger under turbulent - NPS conc. about 18.6% at 0.06% volume concentration when
flow conditions compared to base fluid with a pumping penalty of
1.09-times
The thermal conductivity, viscosity, and friction factor
all increased, but the Reynolds number decreased.
. There exists a link between the experimentally
double-pipe counter-flow - NPS types
Pattanayak et al. measured data for the Nusselt number and the data for
heat exchanger - NPS conc. ‘ ) .
all these nanofluids, with an error of just 11.4%. It was
discovered that TiOz-water nanofluids were the most
efficient of all the nanofluids tested.
- Nanofluid types raising the nanofluid's mass-flow Nusselt number. For
- NPS type . .
. the aforesaid Re and concentration range, A, O3 and
Jassim and of a double pipe heat -Re
Cu enhancements are up to 13% and 23%,
Ahmed exchanger

respectively. Experimental findings demonstrate a

significant efficiency boost (up to 7% for aluminum
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oxide and 10% for copper). Increased hot-side inlet
temperature boosts performance. Nanoparticles
increase heat leak from the shell-side (cold fluid) to
atmosphere according to concentration. The heat leak
in aluminum oxide nanofluid is higher than in copper

nanofluid.

double pipe and shell and

hot and cold volume

flow rates, nanofluid

The heat transfer coefficients of nanofluid in double
pipe and shell and tube heat exchangers are 13.2% and
21.3% greater than those of pure water. Nanofluid

outperforms twin pipe heat exchangers by 26.2% in

Akhtari et al. tube heat exchangers, under temperature, and
' - ' shell and tube heat exchangers. The heat exchangers
laminar flow conditions nanoparticle _ . ‘ ‘
. were modeled using computational fluid dynamics
concentration ] )
(CFD). Nanofluid global heat transfer coefficients
match experimental values.
The average heat transfer rates for nanofluids as a
cooling medium are greater than those for water,
‘ - Flow rate which is also utilized as a cooling media, and this rises
a concentric tube 13 heat . . . _ .
Khedkar et al. - Tubes number with nanofluid composition. This study's findings are

exchanger

- NPS conc.

technologically significant for the efficient design of
concentric tube heat exchangers to improve cooling

performance in low heat flux cooling systems.
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Davarnejad and

Jamshidzadeh

turbulent heat transport
behavior of a Magnesium
Oxide-water nanofluid in a
circular tube using
computational fluid

dynamics (CFD)

-Re
- NPS conc.
- Flow types (single,
two phase, three

phase flow)

Simulations matched experimental data in the
literature. The Nusselt number (Nu) grew as nanofluid
volume % increase in experimental work and
simulation (this research). Nanofluid friction
increased, but Nu had a greater impact on heat transfer
increment. Two-phase models predicted heat transfer

better, particularly at higher nanoparticle volumes.

Rao and Sankar

a double pipe U-bend heat
exchanger, CFD

- Re
- NPS conc.

The results revealed that as volume fraction and

Reynolds number increased Nusselt number
increased, and friction factor decreased. Based on the
numerical results, the Nusselt number enhancement
for 0.3% nanofluid is 18% with a friction penalty of

1.14-times compared to water results.

Dew and

Shrivastava

Pipe

- -NPS conc.

Analysis reveals that copper-oxide nano fluid has the
greatest heat transfer when compared to other nano
fluids. CuO nano fluid has 8%
transmission than Al,Os3, and CuO has 39.90% more

greater heat

heat transfer than Fe;Os.

Naik et al.

Pipe

- NPS types
- NPS conc.

The findings demonstrate that the heat transfer rate

rises with increasing flow rates. It has also been found
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that the heat transfer rate increases with increasing

operating temperature and nanoparticle concentration.

twin pipe heat exchanger

- NPS conc.

In a tube with a P/d = 2.5 helical coil insert, 0.02%
nanofluid increases heat transfer coefficient and
friction factor by 13.85% and 10.69%, respectively.

Heat transfer coefficient and friction factor estimates

Reddy and Rao | with and without helical coil - Based fluid conc. are compared to literature. Experimental data
inserts - Flow rate generates generalized correlations for Nusselt number
and friction factor. Graphics and tables show the
results. Experimental error is 10% after uncertainty
analysis.
stability and characteristics the sensitivity of thermal conductivity rises with
of A1203-water nanofluids, | temperature (20-60 °C) | particle loading at a given temperature. The findings
Das et al. as well as the influence of and solid volume offered a complete thermophysical property database
surfactants on those fractions (0.1-2.0%) | of water-based Al,O3 nanofluids for use in a variety of
properties engineering applications.
Flow rate and mass concentration promote convective
counter-current corrugated .
. heat transfer. Both increase system pressure drops.
plate heat exchanger using - Flow rate '
Arya et al. Heat transfer coefficient and pressure drop rose 35%
MgO/ethylene glycol - NPS Conc. o .
) and 85% at wt.% = 0.3. Intriguingly, input temperature
nanofluid

increased heat transfer coefficient by 9.8% at wt.% =
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0.3 but did not affect pressure drop readings. MgO
nanoparticles improved heat exchanger thermo-

hydraulic p

Arya et al.

MgO-ethylene glycol as a

heat transfer fluid in a

double-pipe heat exchanger.

The nanofluid was
made in two steps at
weight concentrations

0of 0.1, 0.2, and 0.3%.

The friction factor rose as the mass concentration of
nanoparticles increased, with the greatest friction
factor augmentation of 32% belonging to the
nanofluid with mass concentration of wt.%= 0.3.
Similarly, input temperature was shown to have just a
little impact on the heat transfer coefficient and no
effect on the system's friction factor or pressure drop.
The thermo-physical characteristics of a MgO-
ethylene glycol nanofluid were also investigated

experimentally at different temperatures.

Arya et al.

MgO/water-ethylene glycol
nanofluids in a double-pipe

heat exchanger.

- Inlet temperature
- MgO conc.
- Re

Results also revealed that the formation of porous
particulate fouling layer on the internal wall of the
inner tube creates a fouling thermal resistance which
changes asymptotically with time. Overall,
MgO/water-ethylene glycol shows a great potential to

be used as a coolant within a heat exchanger.
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a MgO-oil based nanofluid

The average heat transfer rates for nanofluids are
found to be greater than those for pure corn oil. The

enhancement of both MgO concentration and

- Flow rate
Ali et al. in a tiny counter-flow S nanofluid intake flow rates has a favorable effect on
- NPS conc.
double-pipe heat exchanger. the total heat transfer coefficient and heat transfer rate.
In contrast, as the pressure drop grows, so does the
pumping power.
‘ The results revealed that the metal oxides improved
thermophysical o
o the heat transmission performance of the CMC water
characteristics of three o o
‘ o - combination. Furthermore, the conductivity increase
metal oxides, Titanium - Deferent drilling . o
' ‘ ' with TiO2 in CMC water combination is the least and
Oxide (TiO2), Aluminum temperatures ‘ ‘ .
Akinpelu et al. ‘ the greatest with CuO in CMC water mixture.
Oxide (Al203), and Copper - CMC conc. S o
) ) ] Viscosity and thermal conductivity rose as the volume
Oxide (CuO) dispersed in a - NPS conc.

Carboxyl methyl cellulose

(CMC) water combination

percent of nanoparticles in the dispensing medium
increased. These findings were compared to previous

research and found to be in excellent accord.
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CHPTER THREE

EXPERIMENTAL WORK
3.1 Motivation

Experimental measurements provide the most practical and dependable
information for thermo-physics properties, temperature distribution, flow rates, and
other parameters at defined experimental points. The present work includes the
design and build up of the experimental rig in Laboratories of the Department of
Mechanical Engineering for postgraduate students. The main objective of this work
is to analyze and improve heat transfer in a U-bend double pipe heat exchanger under
the effect of a single and two-phase flow by using different hot fluid types. There
are two cycles for fluids flow impalement in this work hot and cold cycle. The hot
cycle presents worm fluid flow inside the inner pipe whereas a cold fluid presents
the applied of cold fluid in annular side. The hot cycle is filled by different hot fluids
like pure water, the water-CMC fluid, the water-MgO fluid, and the water-MgO-
CMC fluid. While, the cold cycle had been filled by pure water as single phase or

added air to pure water to generate two-phase flow.

3.2 Experimental Apparatus:
Where the mean apparatus presents are:

1. Test section (double pipe heat exchanger with U-bend).

2. The hot cycle represents hot fluid flow in inner copper pipe. This cycle
consists of two tanks, heater, pump, flow meter, control valves, pipes and
fitting.

3. The cold fluid cycle consists of two pass one for water and another for air.

4. The water pass has tank, pump, water flow meter, control valves, pipes and

fitting.
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5. The air pass has compressor, reservoir, air flow meter and pressure regulator.

6. Mixing chamber to mix water and air to get two phases flow, the place of this

chamber is in the cold fluid cycle.

7. The electric control boards.

8. Instrument for measuring temperature and pressure.

Figure (3-1) shows the schematic diagram of test rig assembly used in this
experimental work. Figure (3-2) presents the setup of test rig. Some of these parts
are locally manufactured, all fitting are connected carefully to avoid any leakage.
Multi-layer insulator is used to isolate the test section and prevent any heat

dissipation in order to get an accurate result. The test rig had the following parts;

Test section with U-bend shape
Hot fluid cycle

Cold fluid cycle

Tanks

Electrical heater

Centrifugal Pumps

Control valves

Piping system

o ® 2o kWb -

Air stream

10.Air compressor
11.Air reservoir
12.Pressure regulator
13.Mixing chamber
14.Check valve
15.Electric control panel

16.Measuring devices
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3.2.1. The Test Section

The test section of rig that is implemented in the present work for a double
pipe heat exchanger is built up from two concentrated pipes with U-bend. The inner
pipe made of copper with inner and outer diameter of 0.02 m & 0.022 m respectively.
The outer pipe made of Perspex has inner and outer diameters of 0.045 and 0.05 mm,
respectively. The schematic diagram and dimensions of the test section are shown

in figure (3-3).

Dii=45mm Di=20 mm

Cold Fluid

Doc=50mm Doh=22 mm

Hot Nanofluid inlet

Figure (3-3): Schematic diagram of the test section.

3.2.2. The Hot Flow Cycle

It is the inner cycle where the hot working fluid flow from the hot fluid tank
through the inner copper pipe to accumulate hot fluid tank and then returns to the
start point. This cycle consists of two tanks, two heaters, hot fluid pump, hot fluid
flow meter, control valves, and piping system as indicated with a red color in figures

(3-1) and (3-3)
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3.2.3. The Cold Flow Cycle

It is the outer cycle where the cold fluid flow from cold water tank through
the annular side between copper and Perspex pipes to the accumulate tank or to the
outside. The cold fluid in this cycle either single phase or two phases. This fluid is
represented by a blue color in figures (3-1) and (3-3).

3.2.4. Tanks

There are four different tanks used for containment hot fluid and cold fluid in
a current work. The first, hot fluid tank is used for the purpose of containing and
preparing a hot fluid to the hot flow cycle and it is manufactured from a stainless-
steel metal. Two heaters are used to heat the working fluid. This tank filled with
working fluid and used to feed the system with the required amount of hot working
fluid through the pump. The hot fluid tank has dimensions of (1200 X 60 X 60) mm
with 4 mm thickness as shown in figure (3-4). The accumulation hot fluid tank is the
second tank in the hot flow cycle that used for accumulating and re-circulating of
hot working fluid returning from cycle. It has a capacity of 100 liter, as shown in
figure (3-5). The hot working fluid that is accumulated in second tank returns to the

first tank after open the valve between them.

The third tank, the cold-water storage with a yellow color, as depicted by
figure (3-4). This tank is made from galvanized steel sheet with cylindrical shape
with dimension of 0.5 m and 1.2 m of diameter and height, respectively. Finally, the
accumulated cold-water tank has the same dimensions and a color of the previous
tank. It is used for the purpose of receiving cold fluid that passed through annular
side. For the purpose of delivering hot fluid and cold water, a set of measuring
devices and fitting are used. The pure water thermo-physical properties are shown

in appendix A.
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3.2.5 Electric Heater

It is a device used to heat the working fluid electrically. The hot fluid
temperature 1s recorded using 12-channel temperature recorder device, as shown in
figure (3-6). There are two heaters in the test rig. Each heater of (1200 W) power is
located horizontally in lower side for the hot tank, with thermostat to keep the
working fluid temperature 50 °C.
3.2.6 The Circulating Pump

It is a device utilized to pump and circulate the working fluid as shown in the
schematic diagram of figure (3-1). There are two pumps used for the purpose of
fetching hot and cold fluids from reservoir and suppling team the right path. One of
these pumps is connected to the hot cycle and used to pump and circulate the hot
fluid through the inner pipe of the designed rig. Another pump used to supply water
at the entrance of the annuls side of the test rig. The two pumps have the same

specifications and they are manufactured by Marquees company, see figure (3-7).

3.2.7 Control Valves
They are used to control the fluid flow coming from tanks. The opening or
closing of the control valves is usually done manually, as shown in the schematic

diagram figure (3-1).

3.2.8 Piping System

Piping system contained valves, a bypass pipe line to control on flow of hot
and cold fluid. Check valve connected at the inlet port of the cold fluid to prevent
backflow in case of two phases flow. The feed line of liquid contains a valve to
control the flow supply through the pipes and flow meter, as shown in figure (3-1).
The amount of water that delivered through this system could be measure by a water

flow meter. The piping system classifies into two branches one for cold fluid and the
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other is for hot fluid. For hot and cold pipes has controller to control on the flow

direction. The control system is shown in Figure (3-8).

3.2.9 Compressor

It presents a source for accumulate and deliver air which is then mixed with
water in a mixing chamber to form two-phase flow. The physical properties of air as
listed in appendix A. The air passage must have a reservoir after compressor to
accumulate a large amount of air and supply it at steady and fixed flow rate during
the test rig run. The compressor of model BS 5169 IIIE is made by IR company.
This type of compressor is manufactured to push air as a positive displacement
mechanism. The specifications of this model are: 150 L/s max air flow rate, the
operation temperature range between (-10 to 120) °C, and the maximum pressure of

delivered air of 16.5 bar. The compressor is shown in figure (3-9).

Figure (3-4): Hot tank of nanofluid. Figure (3 - 5): Accumulated hot nanofluid tank.
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Figure (3 -6): Heaters. Figure (3 -7): Centrifugal pump
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N

Figure (3-9): Compressor.
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3.2.10 The Air Stream

This is the amount of air flow rate required to mix with cold water and produce
air-water two phases flow. This process needed to several air devices for supply,
storage, regulator (pressure and flow rate), and connect them all literally and
technically, as shown in the schematic diagram of figure (3-1) which appears with

gray color.
3.2.11 Air Reservoir

Is used to collect the air coming from a compressor under a pressure of 3 bar in

order to provide the air to the flow meter, as illustrated by figure (3-10).
3.2.12. Pressure Regulator

In this work, a pressure regulator (Startz Electric RA2000) is used with a range
of (0 — 10 bar), as shown in figure (3-11) to control the air pressure and the air flow
coming from air reservoir. The pressure in all tests is kept a constant at (1.2 bar).
The calibration operation for this device is done in Central Organization for

Standardization and Quality Control as shown in appendix B.
3.2.13. Check Valve

The mechanism of this item is depending on a circle piece of iron with spring
to allow flow in a one direction only and prevent a reverse flow as shown in figure
(3-12). Reverse flow occurs in a two-phase flow when the one phase has a pressure

higher than the other.
3.2.14. Mixing Chamber

This equipment is used to get a good mixing of air-water. It is a mild steel

chamber with two inputs, one is for water and the other is for air, while, there is one

58



Lhapter Three Experimental Work

output for mixed phases (air-water). Figure (3-13) shows a schematic represents of

the mixing chamber.

Figure (3-11): Pressure regulator.

air-water mixture outlet

VN

i 2 54cm :

381em
27
T
air inlet

2 54cm r

=22 CM |

VN

water inlet

Figure (3-12): Check valve Figure (3-13): Schematic diagram of mixing Chamber.

3.2.15. The Control Panel

Figure (3-14) shows a control board which contains the following

components:

1- Switches; to turn on and turn off the circulating pumps (oaring and blue).
2- Selector switch; To turn on and turn off the electrical heater (red).

3- Regulator switch to control the cooling fan speed (green).
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Figure (3-14): Control Panel

3.2.16. Measuring Systems
3.2.16.1. Liquid Flow Meter

A standard liquid flow meter type (ZYIA) is used. The flow rate is in the range
of (2 to 35) L/min, as shown in figure (3-15). A check valve is used to prevent the
back flow in the line of cold water. The flow entered the bottom of the tapered
vertical pipe and caused the float to move upward. The weight and buoyancy force
balanced the float rose to a point in the pipe. It is connected vertically to measure
hot nanofluid and cold-water flow rates that exist from the pump before entering the

double pipe heat exchanger.

3.2.16.2. Air Flow MeterAir flow meter is a measurement device, with an air flow
rate of rang (350 to 3500) L/hr as shown in figure (3-16). The mechanism of this
devise depends on the air pressure that push float tapered vertical tube to the required

level of the flow rate depending on buoyancy forces.
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Figure (3-15): Liquid flow meter Figure (3 -16): Air flow meter
3.2.16.3. Temperature Measurement

The temperatures at different positions in the test rig are measured by using
data logger with SD card as shown in figure (3-17). This operation called a paperless

recorder to save temperatures values at different positions and times.

There are seven channels with type K thermocouples (chromium™-aluminum™)
are used. The temperature ranges from (-100 to 1300 °C) of thermocouple type K.
Thermocouples are fixed in different positions along the rig pipe as presented in
table (3-1). Table (3-2) presents accuracy of thermocouples type K. Figure (3-18)

shows the calibration certificate of temperature recorder device.
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12 Channels S0 Gard Data Logger
TEMPERATURE RECORDER

L1 rLutron BTM'42038D

The instrument has been
calibrated by using equipment

which already calibrated
to standards traceable to
international standards.

V]

@Y ce

ettt bbb bt e bR e PR e A

The Art of Measurement

HRY

CALST

Figure (3-17): Temperature recorder device.

Table (3- 1): Thermocouple’s position.

Channels No. Position

1

hot tank

cold tank

inlet cold fluid

outlet cold fluid

inlet hot fluid

outlet hot fluid

N | | K| W

ambient

Table (3- 2): Thermocouples specification.

Sensor type | Resolution Range Accuracy
0.1°C (-50.1°C to 100°C) | +(0.4 % +1°C)
Type K (-50.0°C t0 999.9°C) | + (0.4 % +0.5°C)
1°C (1000°C to 1300°C) | +(0.4 % +1°C)
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This certificate guarantee that
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Figure (3-18): Calibration certificate.
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3.2.16.4. Pressure Transducer

The pressure of hot fluid that flowed in the inner pipe of the heat exchanger
measured by a pressure transducer setup (PTS) technique. This technique is
dependent on the connected pressure sensors at the inlet and the outlet of the inner
pipe as shown in Figure (3-19). This operation is done by connected sensor with
pressure interface and then to computer. The pressure sensor type and model are
pointed in figure (3-19). The measured value of pressure is converted the current and
voltage by sensor, then transform to computer. This signal is processed using a pre-
installed program in the same computer. Pressure sensor operates between (0 to 20
Mpa) that implemented in this work with type KELLER. Table (3-3) represents the

specifications of the pressure transducer.

Figure (3-19): Photograph of (a) Data logger (b) Transformer (c) Pressure transducer.

Table (3-3): Specifications of pressure sensor.

Operating pressure range (0to 1) bar
Sensor Output Current (4 to 20 mA)
Hysteresis 0.5%
Body Material Stainless Steel

Pressure Sensor Type | Piezo resistive Transmitter

Operating Temperature (-20°C to +80°C)
External Diameter 17mm
External Length (height) 76mm
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3.2.16.5. Interface System

This device has two jobs, receiving single from sensors and then sending it to
the computer. The signal that transformed is processed by a free software setup on
computer as shown in figure (3-2). This operation means transform analog signal to

digital signal and saved data in computer. The interface system specifications are

tabulated in table (3-4) and figure (3-20).

Table (3-4): Specifications of interface system.

Supply voltage Over USP line (5 V dc, +/- 5%)
Power consumption W
Accuracy +-  0.2%
Environment temperature Operation: -10 to 55°C Storage: -20 to 65°C
Dimension Height:112mm Width:72mm | Depth:26mm
Sampling period 750 ms

3.3. Calibration of Measuring Devices3.3.1. Calibration of Temperature
Recorder Device:The thermocouples of the data logger are calibrated against a
mercury thermometer. The calibration is performed only for channels 1 and 7. The
recorded values of the two devices are shown in appendix C. The other channels
from number two to six are calibrated by using the value of accuracy +(0.4% +
0.5 °C) as shown in table (3-5) for type K thermocouple according to the reading
temperature range (—50 to 999.9 °C).

3.3.2. Pressure Measuring System CalibrationThis process is done in two steps.
At the begging holes are made at the inlet and the outlet of inner pipe and then the
U-tube manometer is attached to these holes, and calculating the difference in
pressure at various flow rates. Then pressure sensors are also connected to the inlet
and the outlet of the inner pipe and measuring pressure values at the same previous
flow rate. The information of this process is represented in appendix C.
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Praiip = 0.1656 + 1.1748P., — 0.0393P2 (3-2)

Where P4, is calibrated pressure value, while P, is the pressure
measurement by pressure sensor. The recorded values of the two devices are shown

in appendix C.

3.3.3. Liquid Flow Meter Calibration

The flowmeter can be calibrated using the conventional method, this method
is done by using stop watch and scaled tank to measure the amount of water at each
selected value of water flow rate. The calibration values and curve presented in
appendix C. A check valve that is located directly after the flow meter to prevent

the back flow.

Qcaiip = 0.8845 + 1.1309 Q,, — 0.0005 Q2 (3-3)
Where (Qcain) is calibrated discharge value, while (Q:.) is the flow meter

measurement.

3.3.4. Calibration of Air Flow Meters:

The calibration of air flow meter done by using orifice and U-tube manometer.
The values of air discharge that is taken from air flow meter and orifice could be
seen in appendix C. The pressure values at each air flow from flow meter and orifice

gives calibration response.

A. Orifice Characteristic

The orifice that is implemented in this calibration has inner and outer diameter

14 and 45 mm, respectively. The air flow rate is computed by straight pipe. There
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are two pressure taps one for inlet and another at outlet, these taps located at pipe
diameter upstream and downstream respectively as shown in figure (3-20). The
following equation derived from Bernoulli’s equation as presented by Holman [93]

used to measure air flow rate by orifice when consider flow is incompressible.

Az Z(AP)G (3 4)

1_<A_2>2 PG
Aq

cheory = U2A2 =

Vena contracta connections: py at vena contracta
1D and $ U connections: p, at D2 }

i - . » Cutlet presaure
Iniet pressure 7 ; H ' 5 connection
€OnPECtion —e} I 1 m;-/
’ ,.,...J“"‘—"-"ﬁ or 6D
PLOW i
1 }_ o Orifice

' i
N l.zt:f
1.9_.4
Flange connections H

Figure (3-20): Location of outlet pressure connection for orifice taps [93].

B. U-Tube Manometer

The pressure drops between two flow point after and before the orifice
measure by U-tube manometer to calibrate the air flow meter. The liquid used in the
manometer is mercury. A comparison between measured discharge by orifice and
measured discharge by air flow meter has been made for every air flow rate, the
values of discharge are calibrated, as shown in appendix C. The calibration curve

for air flow meter represents in appendix C, which is used for different air flow rate.

3.4. Preparations of MgO Nanofluids.
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There are many techniques that adopted for the preparation of nanofluids. The
nanoparticle used to the preparation of nanofluid is MgO with a mean diameter less
than 50 nm. Nanoparticle’s volume concentrations used in this study are (0.125 %,
0.25 %, 0.5% and 1%). The properties of nanoparticle are given in appendix D. The
following procedure represents the steps that used in the present work to mix

distilled water and nanoparticle to prepare a nanofluid.
3.4.1. Steps for Preparing a Nanofluid

1. XRD Examine : The selected nano-powder has been tested using x-ray
diffractometer (XRD). To Ensure that MgO nanoparticle is less than 50 nm should
be examined by X Ray Diffraction (XRD) device shown in figure (3-21). The
average grain size of MgO nanoparticles is found to be between 43 to 50 nm with a

purity of 99.99% XRD pattern which is pointed in figure (3-22).

2. The Magnesium Oxide nanoparticles (MgO) have been selected in the present
work having a BT-9300Z particle size less than 50 nm. Nanoparticles size has been

measured using particle size analyzer as indicated in Figure (4-23).

Figure (3-21): XRD diffractometer
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Figure (3-22): XRD pattern of MgO nanoparticle.
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Figure (3-23): BT-9300Z particle size analyzer

3. Nanofluid Preparation

The best nanofluid produced from mixing MgO nanoparticles with a pure
water by using ultrasonic cleaner model JTS-1018. This operation done in several
steps. First step is by filling up the bath with more than of three quarters by water
and putting containers of nanofluid, then connecting a basket to prevent any damage.
Second step includes sending sound waves in the water-MgO fluid by increasing
frequency from 50 Hz to 40 kHz. The time intervals to remain the water-MgO fluid
in the ultrasonic cleaner about six hours to complete mixing process of the water-

MgO fluid, this time increase with increasing nanoparticles concentration. The
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ultrasonic cleaner is shown in figure (3-24) and their specifications are given in the

Table (3-5).

Table (3-5): Specifications of ultrasonic cleaner bath

Model JTS-1018
Tanks working dimension (mm) Li=406, W1=305, Hi=460
Overall dimension (mm) L= 586, W1=485, Hi=680
Ultrasonic frequency 40 kHz
Ultrasonic power 720 Watt (variable)
Digital timer control 1-30 min
Capacity 54 liters
Temperature control range (°C) <90 °C
Ultrasonic power output 800 W

Figure (3-24): Ultrasonic cleaner

4. Volume Concentrations

The required volume fraction of MgO nanoparticles calculated by mixture
law. This law dependent on mass and density of pure water and MgO nanoparticles.
The mass of MgO nanoparticles for each concentration can be found using a

sensitive electronic balance as shown in figure (3-25).

The mass of MgO nanoparticles added to thirty liters of pure water. Adding
the weight of nanoparticles to thirty liter of the distilled water in order to calculate

the concentrations. According to the following equation reported by [95].
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Figure (3-25): Electronic weighting machine

® 0 = Volume of MgO (3_5)

" Volume of MgO Volume of Water

0fH =
L P Wil Sy P

There are four volume concentrations in experiment are implemented as,
(0.125 %, 0.25 %, 0.5% and 1%). The measured mass of MgO nanoparticles for each

concentration presented in appendix D.

5. The water-MgO fluid is taken to magnetic stirrer device to complete mixing
process and reduced agglomeration of MgO nanoparticles. The interval time of this

operation about one hour.

6. The mixture of water-MgO fluid took to ultrasonic device to complete mixing of

nanofluid. This operation is done in six hours.

7. The above steps can be used to prepare the Water-MgO fluid at each concentration

require as 0.125%, 0.25%, 0.5% and 1%.
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3.4.2. Nanofluid Property Measurements.
3.4.2.1. Measurement of Density

Sample volume with different concentrations of nanofluid weights and this
weight is divided by volume. Measurements are repeated three times and then the
average is taken to get an accurate measurement, as shown in figure (3-26). The
measurement is carried out in the Laboratories of Babylon University. The results of
experimental measurements of density are given in appendix D. There is a little
difference of the density measurements with the empirical relation (3-7) used by Zan

Wau et al. [95], and the differences are given in table (3-14).

pny = (1= @)pps + @pp (3-7)

Figure (3-26) Measurement of the Nanofluids Density

3.4.2.2. Measurement of Specific Heat

Specific heat is measured by using (ESD — 201) type, as shown in figure (3-
27). This device composed of a metal vessel with the capacity of 10 liters, and the
vessel is isolated by polyester material from the outside. There is a mixer inside the
vessel rotated by electric motor in order to distribute the temperature. The mercury

thermometer is put in a small hole at top of the device to measure the temperature of
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nanofluid inside the vessel. The results of experimental measurements of specific
heat are shown in appendix D. There is a little difference of the specific heat
measurements with the empirical relation (3-8) used by Zan Wu et al. [95], and the

differences are given in table (3-15).

Cpry = (1-9p)CPbFPLF+PpCPPPY (3-8)

Pnf

Mix Thermometer

=y

— Cover

| Insulation

L Vessel
| Nanofluid

— =N N Heater

Figure. (3-27): Specific Heat Apparatus (ESD — 201)
3.4.2.3 Measurement of viscosity

In the present work, using a viscometer type [Brookfield digital viscometer
model DV — E], (The board of industrial R & D - Petrochemical Research Center-
Ministry of Science and Technology) 1s used as shown in figure (3-28). The principle
of operation of the viscometer is to rotate a spindle immersed in the nanofluid sample
and connected to a calibrated spring. The experimental measurements of viscosity
presented in appendix D. There is a little difference in viscosity measurements with
the empirical relation (3-9) used by Zan Wu et al. [95], and the differences are given
in table (3-16).

Hnr = Hpr(1 + 2.5¢p) (3-9)
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Figure (3-28): Brookfield DV-I prime viscometer
3.4.2.4. Measurement of Thermal Conductivity

The thermal conductivity of water-MgO fluid experimentally measured by
using transient hot-wire technique as demonstrated in Figure (3-29). The results of
measurements of thermal conductivity are given in table (3-17). There is a little
difference of the thermal conductivity measurements with the empirical relation (3-
10) used by Zan Wu et al. [95], and the differences are shown in appendix D.

kp+(m—-Dkps +(n—1)@ (kp—Kkps) (3-10)
kp+ (n=Dkps—@ (kp—kpf)

knf == kbf

Figure. (3-29): Hot Disk Thermal Conductivity Apparatus
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3.5. Preparations of Water—CMC Fluid

There are several techniques that employed to prepare CMC-water fluid. The
technique that is presented in this work depending on the use of a swirling device.
Preparing this fluid must take into account several notes. This fluid resulted from
mixing CMC powder with distilled water together. The mixing operation done
normally by adding CMC at concentrations range between (0.2 — 0.5) % by weight.
The CMC-water fluid that resulted is non-Newtonian fluid. The CMC-water fluid is
better selected in the thermal storge system than distilled water because it heats up
quickly and saves heat for a period of time. This fluid used mainly in a thermal storge
system in several application like building and industrial process. The properties of
a carboxymethyl cellulose (CMC) are presented in appendix D. Figure (3-30)
presents label on the preservative box containing carboxymethyl cellulose (CMC)

powder.

SIN/CMC

Carboxymethylcellulose(CMC)
-CH;-COOH

| 100 gm
Cas. No. 9000-11-7

Viscosity at 20 C : 250 Cp
Appearance : Powder Form

SINOCMC CO.,LTD - China

Figure (3-30): CMC properties
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3.5.1.

l.

Steps of Preparation Water—CMC Fluid

The CMC powder concentrations that are added to pure water normally at
range (0.2 — 0.5) by weight.
The amount of CMC powder that is added to pure water being measured by

mixture law of weight concentration.

mass of CMC
mass of CMC+ mass of Water

¢ = (3-11)

@ = —cme (3-12)

mcmet My

. The mass CMC powder for each concentration is presented in appendix D.

electronic weighting machine used to measure mass of CMC powder at each

concentration.

. Before adding CMC powder to distilled water, this water must heat

approximately to 40 °C.

The hot pure water is put in mixture container and run swirl device on it
without stopping, just during adding CMC.

The amount of CMC that is specified according to concentration range must

be added to distilled water in very small quantities.

. Swirl device stopped until finish adding the specified amount of CMC

powder.
Continuing mixing operation using the swirl device for the purpose of

ensuring no agglomeration and accumulation CMC powder in distilled water.

10.At the end of mixing operation all amount of the CMC-water fluid put in

ultrasonic to complete mixing process and to ensure complete dissolution of

CMC powder in distilled water.
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3.5.2. The Water-CMC Fluid Property Measurements

The thermo-physical properties of CMC-water fluid must be measured
experimentally by laboratory devices. When CMC powder mixed with distilled
water produce new fluid normally this process is done by adding concentration by
weight. The new fluid considered as non-Newtonian fluid. CMC-water fluid is a new
fluid and thermo-physical properties of it must measure experimentally because
these properties not documented in any references. After input CMC-water fluid in

any laboratory device must be heated to 50 °C and then measured the required

property. The measurement is carried out in the Laboratories of Babylon University.

3.5.2.1. Measurement of Density

Sample weight with different concentrations of CMC powder is weighted and
this weight mixed equivalent amount of distilled water. Measurements are repeated
three times and then the average is taken to get an accurate measurement, as
presented in section (3.4.2.1). The results of experimental measurements of density

are shown in appendix D.
3.5.2.2. Measurement of Specific Heat

Specific heat is measured by using (ESD-201) type, as presented in section
(3.4.2.2). The results of experimental measurements of specific heat are shown in

appendix D.
3.5.2.3. Measurement of the Viscosity

The procedure of measured CMC-water fluid viscosity is the same procedure
that is done in section (3.4.2.3). The experimental measurements of CMC-water

fluid viscosity presented in appendix D.
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3.5.2.4. Measurement of Thermal Conductivity

The thermal conductivity is measured as presented in section (3.4.2.4). The

results of measurements of thermal conductivity are shown in appendix D.
3.6. Preparations of Water-MgO - CMC Fluid

The working fluid (CMC-MgO-Water fluid) that presents in this work
depended on method of preparation. This method based on the principle of non-
agglomeration of polymer and nanoparticles. Therefore, the process of preparing this
fluid requires time in addition to some complications. This working fluid is prepared
in two stages, and each of these stages requires time and mastery of preparation. The
process of preparing and measuring the properties of this fluid will be explained as

follows:
3.6.1. Steps of Preparation Water—-MgO-CMC Fluid
As it is clear that the preparation of this fluid is accomplished in two stages:

1. The first stage includes preparing the CMC-water fluid by adding CMC
powder concentrations to distilled water normally at range (0.2 — 0.5) % by
weight as presented in the section (3.6.1). At this stage, the thermal properties
must be measured in experimentally.

2. The second stage includes adding MgO nanoparticles to the CMC-water fluid.
The resulting solution from this addition is prepared in the same manner as
shown in the section (3.5.1). The concentration of MgO nanoparticles added
normally at (0.125 %, 0.25 %, 0. 5 % and 1 %) by volume.

3.6.2. The Water-MgO-CMC Fluid Property Measurements
The thermal properties of the working fluid (Water-MgO-CMC fluid) could

measure experimentally and empirically. The CMC-water fluid was base fluid and
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it is thermal properties measured experimentally. When added MgO nanoparticles
the new fluid (CMC-MgO-Water fluid) thermal properties measured experimentally
by using laboratory devices, and measured empirically by using empirical equation
that is presented in section (3.4.2). After input CMC-water fluid in any laboratory
device must be heated to 50 °C and then measured the required property. The
measurement is carried out in the fluid laboratories of the Laboratories of Babylon
University.
3.6.2.1. Measurement of Density

The results of experimental and empirical measurements of density are shown
in appendix D.
3.6.2.2. Measurement of Specific Heat

The results of experimental and empirical measurements of specific heat are

shown in appendix D.
3.6.2.3. Measurement of the Viscosity

The experimental and empirical measurements of the working fluid viscosity

presented in appendix D.
3.6.2.4. Measurement of Thermal Conductivity

The thermal conductivity is measured experimentally and empirically as

presented in appendix D.
3.7. Experimental Procedure

Experiments are repeated with varying the following parameter (working fluid
flow rate, cold fluid flow rate, air flow rate, and concentration of MgO and CMC) to

study their effect on the temperature, pressure, Nusselt number, heat transfer and
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effectiveness. The following procedure steps are conducted for each experimental

session:

1. The hot fluid flows through inner pipe and this called the inner hot cycle.

2. Cold fluid flows through the annular section and this called the outer cold
cycle.

3. The cold fluid presented in this work either pure water or two-phase (pure
water and air).

4. The pure water placed in an outer cold cycle tank.

5. The air will be supplied by using a compressor.

6. The hot fluid that used in this work are either pure water, a pure water — CMC
fluid, a pure water — MgO fluid and pure water — CMC — MgO fluid.

7. Prepare each type of fluids and then place it in the inner hot cycle tank, after
that the experimental starts with using a pure water.

8. The fluid in the inner hot cycle tank could be replaced and another working
fluid is used.

9. Connect the main electrical power to the control power switch.

10. Switch on an imbedded electric heater of 12 kW fixed at the bottom of the

hot water tank (boiler) and adjust a thermostat for a desirable temperature (50

°Q).

11. Switch on the two pumps.

12. Open the valves to circulate the hot water or nanofluid in the inner tube and

cold water in the annulus.

13. Adjust the control valves and the bypass valves in order to select the desired

flow rate in the inner tube and in the annulus.

14. Wait until the system reach to steady state then take the readings as follows:
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Hot working fluid temperature for inlet and outlet pass the inner tube, cold
water temperature for inlet and outlet passes the annulus and pressure drop for
inlet and outlet pass in the inner tube.

15. The readings will be taken for each single flow rate in the annulus (pure
water) 24 I/min for the flow rate in the inner tube (pure water) (8, 10, 12 and
14) I/min.

16. Repeat step 15 for each type of hot working fluid which flows in inner cycle.

17. Take the readings at effect of two phases (air — water) flow as follows:

Hot working fluid temperature for inlet and outlet pass the inner tube, cold
water temperature for inlet and outlet passes the annulus and pressure drop for
inlet and outlet pass in the inner tube.

18. The readings will be taken for each single and two phases flow. The flow rate
in the inner pipe (8, 10, 12 and 14) L/min. The two phases (air-water) flow
investigated from constant water flow rate 24 L/min and mixing with various
air flow rate (360, 420 and 480) L/hr.

19. Repeat step 18 for each type of hot working fluid which flows in inner cycle.

20. The experimental layout is shown in figure (3-31) and photo for each working
fluid that is presented in figure (3-32).

3.8 Uncertainty Analysis

21.An experiment in a laboratory always involves the determination of various
inter linked parameters. The results expected from this experiment have to
reach certain level of accuracy depending on the problem and hence repeated
measured is required but this may not yield the same result every time mainly
due to the involvement of errors.

22.The error analysis in experimental measurements is important. So, the
measured data by the temperature sensors for 10 experiments is presented in

Appendix E.
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- )
H parallel flow

\
U counter flow

; \
U parallel flow

= )
“ counter flow

1. Pure water
2. Water +Cmc
3. Water + MgO
4. Water + Cmc + MeO

1. Pure water
2. Water +Cme
3. Water + MgO

4 Water + Cmc + MgO

1. Pure water
2. Water +Cmc
3. Water + MgO
4. Water + Cme + MgO

1. Pure water
2. Water +Cmc
3. Water + MgO
4. Water + Cme + MgO

Experimental Work

Figure (3-31): Experiments layout.

Figure (3-32): photo of hot working fluid.
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CHAPTER FOUR
NUMERICAL ANALYSES

4.1. Background

Computational Fluid Dynamics (CFD) code is used for prediction the behaviors
of the water-MgO-CMC flow as well as pressure, velocity, and temperature fields in
a double pipe heat exchanger. This chapter deals with the CFD simulation using the
commercial code ANSYS Fluent 2020 R1. The impact of geometric parameters and
flow conditions effect on the temperature field and pressure drop in the single-phase
and two-phase flow during the test section with and without nanofluid is
investigated. The necessary dimensions of the test section for double pipe heat
exchanger are specified in this chapter. Several steps were taken to accomplish the

CFD simulation, which will be explained deeply in this chapter. These steps are:

Creating the geometry of the system (computational domain).
Meshing the computational domain.

Choosing the solution models i.e., viscous, energy, multiphase.
Setting the materials properties.

Setting the boundary conditions.

Choosing the solution methods.

NS kD=

Specifying the convergence criteria.

4.2. Investigated Cases

Four cases for the double-pipe heat exchanger are investigated using a CFD
simulation. Two directions for the fluid flow are taken, parallel flow and counter
flow. The flow directions along with the dimensions of the double-pipe heat

exchanger are shown in figure (4-1).
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Di=45mm D =20mm

Cold Fluid

Doc=50mm Dg=22 mm

a
2400 mm
2000 mm
b U
—_—

Figure (4-1): Investigated flow directions. (a) the inlet of hot working fluid in case of parallel

flow and (b) the inlet of hot working fluid in case of counter flow.

For each of the four flow cases, four different particles concentration are
considered. The produces are eight simulation cases, and each case is investigated
for different mass flow rates for the cold and hot fluids. The volumetric flow rate of
hot fluid is variable from 8 to 14 L/min. The density of working fluid changes
depending on concentration of CMC and MgO. Therefore, the mass flow rate
changes depending on these concentrations. Table (4-1) summarizes the considered

cases for the double-pipe heat exchanger.

4.3. Computational Domain and Meshing Method

The geometry of the system is created by ANSYS Design Modeler. The
system comprises with multiple parts that represent both the solid and fluid regions
of the computational domain. The computational domain is shown in figure (4-2).
Four regions are created and connected by interfaces. These regions in sequence are:
the outer pipe, cold fluid, inner pipe and hot fluid. The pipes are specified as solid

regions, while the hot and cold fluid are specified as fluid regions.
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Table (4-1): A summary for the investigated cases of the double-pipe heat exchanger

Mass
Mass flowrate
Flow No. of | flowrate | Mass flowrate | concentrations | Concentrations
S of Water-MgO-
arrangement | phases | of water CMC % wit. MgO % vol. VG e
(kgs) | (k&/s) (107 o
Single
0.39524 0 0.125
phase
Parallel 0.1184 05 0.25 myr = 0.133
fl T .
ow WO 0.39574 01381 05 to 0.237
phases
0.1578 1
Single
0.39524 0 0.125
phase )
Counter My = 0.133
0.1184 0.5 0.25
flow Two to 0.237
0.39524 0.1381 0.5
phases
0.1578 1
Outer pipe
HotDusd Cold fluid
Inner pipe

Figure (4-2): Computational domain of the double-pipe heat exchanger.
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The computational domain is meshed by ANSYS ICEM. Figure (4-3) shows
the meshed geometry. Structured hexahedral cells are used for creating the mesh.
Few prism cells are considered to account for some regions that could not be meshed
with hexahedral cells. The multizone method is used to create the structured mesh.
The mesh interfaces between the solid and fluid regions are assigned as coupled

walls in the Fluent solver.

Figure (4-3): Meshing criteria.

A mesh independency study is conducted to acquire a mesh independent
solution from the simulation. Six different cell sizes are compared with each other
producing a different number of cells. The outlet temperature and velocity of both
hot and cold fluid are compared for the different cases. The outcome is independent
of the mesh size when the percentage change in these variables is insignificant. The
independent results of the mesh are presented in table (4-2). The solution is found
independent of the mesh size even with the largest size, therefore the cell size

considered as the one that produced 257275 cells.
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The quality of the mesh is determined through many parameters, the most
important being the skewness and orthogonal quality. A low skewness value close
to zero represents a high-quality mesh. In contrast, a high orthogonal quality close
to one indicates a high-quality mesh. The minimum, maximum, orthogonal quality,

and average skewness values are depicted in table (4-3).

Inflation layers are not considered as the chosen turbulence model provides

an alternative for solving the boundary layer regions, as will be further discussed in

section 4.6.
Table (4-2): Mesh independency study.
No. of TC Th V. Vh
2 Error © Error = Error : Error
cells (K) C) (m/s) (m/s)
257275 303.971 317.012 0.446 0.818
288390 303.94 | 1.02X10% | 317.041 | 0.91x10* 0.445 2.24 X107 0.818 0
475631 303.856 | 2.76 X104 | 317.11 2.17X10% 0.444 2.24 X103 0.814 4.89 X103
720531 303.717 | 4.57X10% | 317.264 | 4.85X10* 0.444 0 0.811 3.68 X107
1370520 303.677 | 1.31X10% | 317315 | 1.6X10* 0.444 0 0.81 1.23 X103
3191387 303.734 | 1.87X10* | 31725 | 2.05X10* 0.444 0 0.807 3.7 X103
Table (4-3): Mesh quality parameters.

Value Skewness Orthogonal quality
Maximum 0.76 0.99
Minimum 1.98x10-2 0.35

Average 0.28 0.88

4.4. Boundary Conditions

Table (4-4) shows the boundary conditions that are taken into account for the

CFD simulation cases. The values of the inlet mass flowrates and temperatures are
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taken from the experimental measurements. The outlet of the pipes is given a
pressure outlet with an atmospheric pressure value. The outer surface of the outer
pipe is insulated, while the other walls of both pipes are given coupled thermal

boundary condition to account for the interaction between the solid and fluid regions.

Table (4-4): Boundary conditions.

Part Boundary condition Values

m, = section 4.2.

Outer pipe inlet Inlet mass flowrate m, = section 4.2.

T, =298 K

Ty f: section 4.2.

Inner pipe inlet Inlet mass flowrate
Tp,, =323 K
Outer pipe outlet Pressure outlet 0 Pa
Inner pipe outlet Pressure outlet 0 Pa
Outer pipe outer surface Insulated 3—: = 0,3—; = O’Z_Z =0
Other surfaces Via system coupling -

4.5. Assumptions

To accomplish the CFD simulation, several assumptions are considered as

follows:

1. Steady state conditions.

2. No heat generation.

87



Lhapter Four Numerical Analyses

. Incompressible fluid.
. Constant physical properties for all fluid flow.
. No phase change for all the flowing fluids.

. Newtonian fluid.

3
4
5
6. Radiation effects are negligible.
7
8. Three dimensional.

9

. Turbulent flow.

4.6. Governing Equations

ANSYS Fluent employs the FV approach to tackle the governing equations,
which comprise momentum, mass, turbulence model, and energy equations.
Specifically, for steady-state conditions, the software resolves the conservation

equations given below:

Continuity equation:

V.(pv) =0 4.1)
Momentum equation:

V.(pvv) = =VP + V.(T) + pg (4.2)
Energy equation:

V.(B(pE +P)) = -V.(T; hJ;) (4.3)

The realizable (k-¢) turbulence model is considered. This model resolves a
pair of equations to obtain both the kinetic energy and its dissipation rate, which are

expressed as follows:
] I fey Ok
a—xj(pkuj) = % [(u + U—;)a—xj + Gy + G, — pe— Yy (4.4)
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9 N PN et
= (pew) = o= | W+ 29 2| + 1S = pCy = Cre £ Gy (4.5)
The symbol L is determined by (¢) and (k) in the following manner:
k2
He = pCu— (4.6)

In order to handle boundary layer regions and avoid the need for highly
resolved inflation layers near walls, the realizable (k-¢) turbulence model features
near-wall treatment functions. This study employed the Menter-Lechner near-wall
treatment, which is insensitive to y+ function. Finally, the volume of fluid (VOF)
multiphase model is considered to enable different fluids to be considered at the

inlet, as explained earlier in section 4.2.
4.7. Materials Properties

The properties of the solid and fluid materials are presented in this section.
The outer pipe of the heat exchanger is made from Perspex, while the inner pipe is

made from copper. The properties of both materials are shown in Table (4-5).

The thermal and physical properties of air and water at different temperatures
are available in numerous references. The water-MgO-CMC fluids properties are
unavailable and are measured experimentally as explained in chapter three. The

values acquired from the experimental procedure are used in the numerical

simulation.
Table (4-5): Materials properties of the pipes.
. Density Specific heat Thermal conductivity
Material (kg/m’) (V/kg'K) (W/mK)
Perspex 1200 1170 0.19
Copper 8978 381 387.6
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4.8. Solution Methods

The governing equations are solved using the pressure-based coupled
algorithm. Equation of the pressure is obtained by equations of momentum and
continuity so that the velocity vector (field), adjusted by the pressure, achieves the
equation of continuity. Due to the coupled and nonlinear feature of the governing
equations, the solving process entails iterative steps, whereby the governing
equations are solved continually till convergence is reached. The momentum and the
pressure-based continuity equations form a coupled (interacted) equations system that
the algorithm solves. Due to the closely coupled nature of these equations, the solution
convergence rate is notably enhanced when compared to segregated algorithms. The
flowchart presented in Figure (4-4) outlines the solution procedure utilized in the

coupled algorithm.

The gradient spatial discretization is set to (Least Squares Cell Based) and
(PRESTOQ!) for the pressure. The (Second-Order-Upwind) spatial discretization is
adopted for both momentum and the dissipation rate and kinetic energy of the

turbulent. The volume fraction is set to the default option of (Compressive).

4.9. Convergence Criteria

The solution convergence is judged by multiple criteria. First, the governing
equations residuals reached an accuracy of 10, Figure (4-5) shows the residuals for
one of the considered simulation cases. The second method is by checking the energy
imbalances and mass, which are found to be close to zero for all the simulation cases.
Finally, monitors are set to check that the important physical properties reached
steady state. In this case, these properties are the outlet temperature and velocity of
the hot and cold fluids. The above-mentioned criteria for convergence are satisfied

for all of the conducted CFD simulation cases.
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—=| Update properties

L)
Solve simultanecusly:

system of momentam
and pressure—based
continuity eguations

Update mass flux
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marbulence, and other
scalar equations
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Figure (4-4): Flowchart showing the pressure-based coupled algorithm solution procedure.
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Figure (4-5): Residual convergence.

4.10 Thermo-Physical Properties of Air—-Water Two Phases Flow

To calculate the effective properties for mixture of two-phase air-water
mixtures are often expressed with the help of certain mixing rules and definitions
ANSYS 15 guides. Assume the water is the primary phase and the air is the

secondary phases.
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4.10.1 The Velocity of Air-Water Two Phases Mixture

The velocity of the air-water two phases flow can be evaluated as follows [97]:

V. +V

V=" (4- 7)
— D2
4, L

4.10.2 The Density of Air-Water Two Phases Mixture

The density of the air-water two phases flow is illustrated by [97]. They

present equation for calculating density as follows:

=paVa+ prf (4—8)
Vo + Vg

4.10.3 The Viscosity of Air-Water Two Phases Mixture

The viscosity of the air-water two phases flow can be evaluated by the below
equation, which has been demonstrated by [97] as follows:

_P-ava'l" |J.fo

— 4-9
V, + V; (4-9)

4.10.4 The Air Void Fraction

The air void fraction is ratio of air flow rate to the total flow rate of mixture.

It can be calculated by the below equation, which has been introduced by [97].
OV, + Vg

Vf (4- 10)
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Chapter Five

Results and Discussion

5.1 Motivation

There are several experimental parameters that must be investigated and
measured such as temperature at different positions, pressure at the inlet and outlet
and fluid flow rates control. These parameters authorized calculating convection
coefficient, inner pipe friction coefficient, heat exchanger effectiveness and required
pumping power for hot fluid.

The cold fluid flow in annular side either single phase or two phases. The single
phase is a pure water which flows in the annular side and the two phases flow forms
from a compensation of air and water that flow in the annular side as well. The effect
of the two phases flow takes into account various air flow rates ranging from (360
to 480) L/hr mixed with a constant water flow rate (24 L/min) to get a different flow
regime. The various flow regimes appear in annular side. The hot fluid flows in inner
pipe at flow rate ranging from (8 to 14) L/min. The data has been systematically
controlled so that the heat transfer behavior could be better understood. Then
relations implemented lead to given full description of thermal performance for
various hot fluid types. The hot fluid types implement in this work are:

1. Pure water.

2. Water — CMC fluid.

3. Water — MgO fluid.

4. Water — MgO — CMC fluid.

The water flow rate, the air flow rate, the concentration of MgO nanoparticles,
and CMC polymer nanoparticles have been studied to see their effect on the heat
transfer behavior. Experimental steps repeat for each fluid types. The concentrations

of CMC polymer nanoparticles are 0.2% and 0.5% by weight. The concentration of
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nanoparticles 0.125, 0.25, 0.5 and 1% by volume. The results obtained
experimentally and numerically are presented and discussed in this chapter for
various hot fluid types under a different condition. The inlet temperatures for the hot

fluid are chosen as 50 °C, while for cold water and for air are 25 °C.

5.2. Experimental Work

In this chapter experimental results for various hot fluid types flow in inner pipe
under different flow conditions and particles concentrations are presented and
discussed. The results described in this chapter are under the influence of single and
two-phase flow at parallel and counter flow.
5.2.1 Convection Heat Transfer Coefficient

Convection coefficient of heat exchange presents the relation between amount
of heat rate as driving force of the heat flow (temperature difference). The convective
heat transfer coefficient obtained for various hot fluid flow as presented in section
(5.1). It has been obtained according to equation (F-10) for inner side. The
differential of convection heat exchange coefficient value along hot fluid flow rate
at inner pipe range (8-14) L/min, under influence of single and two phases flow. The
cold water flow as single phase 24 L/min and mixed with air at flow rate (360, 420
and 480 L/hr) in mixing chamber to get two phases flow.
5.2.1.1 Convection Heat Transfer Coefficient of Pure Water

Pure water presents as basic working fluid that used in double pipe heat
exchanger. Also, it is a tradition fluid that is implemented in different application of
heat exchanger. The pure water in this case used as cold and hot fluid in annular and
inner pipe respectively. Figures (5-1) and (5-2) demonstrate that the convection heat
transfer coefficient value dependent of hot fluid flow rate, air flow rate and flow
direction. The flow conditions for parallel and counter cases are shown in the above

each mentioned figures. The hot fluid that used in these cases is pure water. These
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figures present the effect of single phase and two phases air-water flow on value of
convective heat transfer coefficient. The convection coefficient increases at increase
in volume flow rate of hot fluid. The effect of two phases flow on the pure water
convection heat transfer coefficient for parallel and counter flow increase when air
flow rate increases in the annular side. The air flow rate increases due to the increase
of turbulence and velocity for the air-water two phase flow. This leads to enhance
heat exchange rate between cold and hot fluids. The convective heat transfer

coefficient for this case at different flow conditions present in table (5-1).

Table (5-1): Experimental value of convective heat transfer coefficient for pure water

Cold fluid | Hot fluid | Air flow
Number of Flow h
phases direction ) oy | ibon il rate (W/m?. K)
(L/min) (L/min) (L/min)
Parallel Maximum 24 14 0 2771.71
Single flow Minimum 24 8 0 25324
phase Counter Maximum 24 14 0 2861.54
flow Minimum 24 8 0 2622.4
Parallel Maximum 24 14 480 2998.39
Two phases flow Mini'mum 24 8 360 2618.08
Counter Maximum 24 14 480 3085.53
flow Minimum 24 8 360 2708.21

5.2.1.2 Convection Heat Transfer Coefficient of The Water — CMC Fluid
There are two concentrations 0.2% and 0.5% wt. impalement in this case. The
CMC partials has a good agreement of physical properties and that leads to improve
pure water properties as presented in chapter three. The fluid resulting from the
addition of the CMC particles has a higher viscosity than pure water. The viscosity
of the water-CMC fluid increase with increasing CMC concentration. An increase
in the viscosity of the fluid leads to an increase in the heat gain rate and enhancement
of heat exchange between hot and cold fluids. Figures (5-3) to (5-6) illustrate the
convection coefficient of heat transfer for the water-CMC fluid dependent on various

parameter as pointed over each figure. These figures present the effect of single
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phase and two phases on hot fluid convection coefficient in annular side. For single
phase flow, the convection coefficient increases when the water -CMC hot fluid flow
increases. On the other hand, the convection heat transfer coefficient is affected by
two phases flow in annular side and hot fluid flow rate. So, the convection coefficient
under influence of two phases flow increases when air flow rate and the water-CMC
hot fluid flow rate increases. The increase in CMC particles lead to increase the
convection heat transfer coefficient and 0.5% wt. is a better CMC concentration. The
convection heat transfer coefficient under various flow condition and 0.5% wt. CMC

is shown in table (5-2).

Table (5-2): Experimental value of convective heat transfer coefficient for the water + 0.5%

CMC wt.
Number of Flow Cold fluid | Hot fluid | Air flow h
phases direction L] oy gt rate (W/m?. K)
(L/min) (L/min) (L/min)

Parallel Maximum 24 14 0 3142.32

Single flow Minimum 24 8 0 2879.15

phase Counter Maximum 24 14 0 3232.15

flow Minimum 24 8 0 2969.95

Parallel Maximum 24 14 480 3373.72

Two phases flow Mini'murn 24 8 360 2968.22

Counter Maximum 24 14 480 3460.86

flow Minimum 24 8 360 3058.22

5.2.1.3 Convection Heat Transfer Coefficient Water — MgO Fluid

Generally, the nanoparticles present a better absorb and carrier for thermal
energy specially when these particles near to exchange thermal energy walls. The
MgO particles added to a pure water at different concentrations (0.125%, 0.25%,
0.5% and 1% by volume) to enhance physical properties of the Water-MgO fluid.
The increase in concentration of MgO particles lead to increase the Water-MgO fluid
(nanofluids) thermophysical properties than pure water. The Water-MgO fluid as
hot fluid flow in inner pipe of heat exchanger to enhance heat transfer rate. Figures

(5-7) to (5-14) demonstrate the relationship between convection heat transfer
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coefficient in the inner pipe and hot fluid flow for different flow conditions that
achieve over each figure. It has been shown that there is some deviation in the
convection coefficient between the parallel flow and counter flow. The variation of
the convection coefficient with the Water-MgO fluid volume flow rate range (8-14
L/min), and at influence single phase fixed cold fluid flow rate 24 L/min, for two -
phase flow cold water mixed with air flow rate at 360-480 L/hr under turbulent
condition that is investigated in the annular side. Moreover, convection coefficient
increases under the influence of increasing the Water-MgO volume flow rate. Also,
under the effect of two phases flow the convection heat transfer coefficient increases
under the effect of the turbulence which is shown in the annular region as a result
from mixing air and water. It is found that the better concentration of MgO 1% by
volume is added to pure water. Table (5-3) shows the convection heat transfer

coefficient values under different flow conditions and MgO concentration 1% by

volume.
Table (5-3): Experimental value of convective heat transfer coefficient for the water + 1% MgO
vol.
Number of Flow Cold fluid | Hot fluid | Air flow h
phases direction L] oy gt rate (W/m?. K)
(L/min) (L/min) (L/min)
Parallel Maximum 24 14 0 3753.16
Single flow Minimum 24 8 0 3401.25
phase Counter Maximum 24 14 0 3842.99
flow Minimum 24 8 0 3491.25
Parallel Maximum 24 14 480 4004.6
Two phases flow Mini'murn 24 8 360 3496.05
Counter Maximum 24 14 480 4091.74
flow Minimum 24 8 360 3586.05

5.2.1.4 Convection Heat Transfer Coefficient Water—-MgO—-CMC Fluid
Nanofluid is used in heat exchanger to enhance the heat transfer rate better than
pure water. Nanoparticles that dissolve in water suffer from agglomeration and

deposition problems Thus, a good circulation of the nanofluid does not occur. This
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problem is due to the reduce in heat exchange rate. The agglomeration and
deposition problems could be solved by using CMC as surfactant and also, to
enhance thermophysical process. The convection heat transfer coefficient value for
the Water-MgO-CMC fluid increases more than that of the value of pure water
because of two reasons; First reason increasing thermal conductivity when the
concentrations of MgO particles and CMC powder and other physical properties
(density and viscosity) increase. Second reason is in turbulence of MgO particles
result from the Brownian motion.

The Water-MgO-CMC fluid is used as hot fluid flow in inner pipe value at flow
rate range (8-14 L/min). Figures (5-15) to (5-30) present a relation between the
convection heat transfer coefficient of the Water-MgO-CMC fluid and flow rate
under various flow conditions as shown in the above mentioned figures. In this case
four different concentrations of the MgO nanoparticles (0.125%, 0.25%, 0.5% and
1% by volume) mixed with two CMC concentrations, namely, 0.2 and 0.5% by
weight are used. The flow conditions for all eight cases are shown above each figure
and all are the same except for the concentrations of the MgO nanoparticles and
CMC mixture. From these figures, it is pointed that the convection heat transfer
coefficient of the Water-MgO-CMC fluid increase as concentration of MgO and
CMC increase. Also, it is affected by single phase and two phases flow that flow in
annular side. For single-phase cold-water flow at 24 L/min in annular side but for
two phases added air volume flow rate range (360, 420 and 480 L/hr) that mixed
with cold water in mixing chamber to get two phases flow. The convection
coefficient of the Water-MgO-CMC fluid increases with the increase of volume flow
rate and air flow rate. Increasing the air flow rate that mixes with water in annular
region due to increasing the level of water layer turbulence. This turbulence in water

layer influence on the thermal boundary layer, that is formed on inner pipe outer
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surface area region. The highest convection heat transfer coefficient is observed with
the highest CMC and MgO nanoparticles concentration as shown in table (5-4) under
different flow conditions.

Table (5-4): Experimental value of convective heat transfer coefficient for the water + 1% MgO
vol. +0.5% CMC wt.

Cold fluid | Hot fluid | Air flow
Number of Flow h
phases direction L] o r‘ate dlosy r.ate ratc? (W/m?. K)
(L/min) (L/min) (L/min)
Parallel Maximum 24 14 0 5545.24
Single flow Minimum 24 8 0 5062.57
phase Counter Maximum 24 14 0 5635.07
flow Minimum 24 8 0 5153.57
Parallel Maximum 24 14 480 5826.23
Two phases flow Mini'murn 24 8 360 5172.85
Counter Maximum 24 14 480 5913.37
flow Minimum 24 8 360 5262.85
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Figure (5-1): Variation of convective heat transfer coefficient with hot fluid (pure water) flow

rate for parallel flow.
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Figure (5-2): Variation of convective heat transfer coefficient with hot fluid (pure water) flow

rate for counter flow.
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Figure (5-3): Variation of convective heat transfer coefficient with hot fluid (water — 0.2% CMC
wt.) flow rate for parallel flow.
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Figure (5-4): Variation of convective heat transfer coefficient with hot fluid (water — 0.2% CMC
wt.) flow rate for counter flow.
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Figure (5-5): Variation of convective heat transfer coefficient with hot fluid (water — 0.5% CMC
wt.) flow rate for parallel flow.
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. Figure (5-6): Variation of convective heat transfer coefficient with hot fluid (water — 0.5%
CMC wt.) flow rate for counter flow.
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Figure (5-7): Variation of convective heat transfer coefficient with hot fluid (water — 0.125%

MgO vol.) flow rate for parallel flow.
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Figure (5-8): Variation of convective heat transfer coefficient with hot fluid (water — 0.125%

MgO vol.) flow rate for counter flow.
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Figure (5-9): Variation of convective heat transfer coefficient with hot fluid (water — 0.25%
MgO vol.) flow rate for parallel flow.
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Figure (5-10): Variation of convective heat transfer coefficient with hot fluid (water — 0.25%
MgO vol.) flow rate for counter flow.

105



Lhapter Five Results and discussion

| . * I ! I
g IR . -
Vo = 24 Limin

6 - —@— No Air Flow -l
= —H— v a—360L/hr
E 3700 H —=— va=420L/r -
é " V"a =480 L/hr
Z L i
3
—
= 3600 - -
&
S
&) - -
£
2
= 3500 - -
E
EF“ - B
E
=
= 3400 = =
= o
b | et
2 i 1
= »
S ~
0 3300 P —

3200 I [ I 1 I 1 I

8 10 12 14
V', (L/min)

Figure (5-11): Variation of convective heat transfer coefficient with hot fluid (water — 0.5%
MgO vol.) flow rate for parallel flow.
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Figure (5-12): Variation of convective heat transfer coefficient with hot fluid (water — 0.5%
MgO vol.) flow rate for counter flow.
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Figure (5-13): Variation of convective heat transfer coefficient with hot fluid (water — 1% MgO
vol.) flow rate for parallel flow.
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Figure (5-14): Variation of convective heat transfer coefficient with hot fluid (water — 1% MgO
vol.) flow rate for counter flow.
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Figure (5-15): Variation of convective heat transfer coefficient with hot fluid (water + 0.125%
MgO vol. + 0.2% CMC wt.) flow rate for parallel flow.
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Figure (5-16): Variation of convective heat transfer coefficient with hot fluid (water + 0.125%

MgO vol. + 0.2% CMC wt.) flow rate for counter flow.
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Figure (5-17):

Variation of convective heat transfer coefficient with hot fluid (water + 0.25%

MgO vol. + 0.2% CMC wt.) flow rate for parallel flow.
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Figure (5-18):

Variation of convective heat transfer coefficient with hot fluid (water + 0.25%
MgO vol. + 0.2% CMC wt.) flow rate for counter flow.
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Figure (5-19):

Variation of convective heat transfer coefficient with hot fluid (water + 0.5%

MgO vol. + 0.2% CMC wt.) flow rate for parallel flow.
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Figure (5-20):

Variation of convective heat transfer coefficient with hot fluid (water + 0.5%
MgO vol. + 0.2% CMC wt.) flow rate for counter flow.
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Figure (5-21): Variation of convective heat transfer coefficient with hot fluid (water + 1% MgO
vol. + 0.2% CMC wt.) flow rate for parallel flow.
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Figure (5-22): Variation of convective heat transfer coefficient with hot fluid (water + 1% MgO
vol. + 0.2% CMC wt.) flow rate for counter flow.
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Figure (5-23): Variation of convective heat transfer coefficient with hot fluid (water + 0.125%
MgO vol. + 0.5% CMC wt.) flow rate for parallel flow.
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Figure (5-24): Variation of convective heat transfer coefficient with hot fluid (water + 0.125%
MgO vol. + 0.5% CMC wt.) flow rate for counter flow.
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Figure (5-25): Variation of convective heat transfer coefficient with hot fluid (water + 0.25%
MgO vol. + 0.5% CMC wt.) flow rate for parallel flow.
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Figure (5-26): Variation of convective heat transfer coefficient with hot fluid (water + 0.25%
MgO vol. + 0.5% CMC wt.) flow rate for counter flow.
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Figure (5-27): Variation of convective heat transfer coefficient with hot fluid (water + 0.5%
MgO vol. + 0.5% CMC wt.) flow rate for parallel flow.
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Figure (5-28): Variation of convective heat transfer coefficient with hot fluid (water + 0.5%
MgO vol. + 0.5% CMC wt.) flow rate for counter flow.
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Figure (5-29): Variation of convective heat transfer coefficient with hot fluid (water + 1% MgO
vol. + 0.5% CMC wt.) flow rate for parallel flow.
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Figure (5-30): Variation of convective heat transfer coefficient with hot fluid (water + 1% MgO
vol. + 0.5% CMC wt.) flow rate for counter flow.
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5.2.2 Heat Transfer Effectiveness of Double Pipe Heat exchanger

The heat transfer effectiveness means heat exchanger effectiveness. The heat
exchanger effectiveness presents a heat exchanger's performance. It is defined as the
ratio of the actual heat transfer rate to the maximum heat transfer rate. Also, it is
calculated according to equation (F-20) or by computing NTU and using equations
(F-21). In this case, calculating the effectiveness of heat exchanger effected by cold
fluid flow type in annular side either single phase or two-phase flow. The single-
phase flow means cold water flow only in annular side at volume flow rate 24 L/min.
On the other hand, the two phases flow means cold water flow at volume flow rate
24 L/min and mixing with air flow rate range (360, 420 and 480 L/hr). Also, the heat
transfer effectiveness depends on hot fluid type and range of its flow rate. The hot
fluid flow rate ranges (8, 10, 12 and 14 L/min).
5.2.2.1 Heat Transfer Effectiveness of DPHE using Pure Water

Figures (5-31) and (5-32) show the relation between the heat transfer
effectiveness with pure water flow as hot fluid in inner pipe under different flow
condition which pointed out in each figure. In addition, these figures demonstrate
the effect of single and two phases flow in annular side on the heat transfer
effectiveness. It can be noticed that the heat transfer effectiveness increases with
increasing flow rate of hot fluid in inner pipe when cold fluid in annular side is (24
L/min). It has been shown that increasing air flow rate will increase the effectiveness
according to equations (F-21) and the hot fluid has a minimum thermal capacity at
(8-14) L/min. So, that the increase of cold flow rate, will increase the average heat
transfer which increases the heat transfer effectiveness. The behavior of air bubbles
also increases leading to air mixing with water in annular region due to the increase
of the level of water layer turbulence. This turbulence in water layer influences the

thermal boundary layer, that is formed on the inner pipe outer surface area region.
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The heat transfer effectiveness for this case at different flow conditions is present in
table (5-5).

Table (5-5): Experimental value of the heat transfer effectiveness at using pure water.

Cold fluid | Hot fluid | Air flow
Number of Flow
o direction Level flow r.ate flow ltate rate. e
(L/min) (L/min) (L/min)
Parallel Maximum 24 14 0 0.287
Single flow Minimum 24 8 0 0.242
phase Counter Maximum 24 14 0 0.312
flow Minimum 24 8 0 0.264
Parallel Maximum 24 14 480 0.334
Two phases flow Mini.mum 24 8 360 0.301
Counter Maximum 24 14 480 0.359
flow Minimum 24 8 360 0.322

5.2.2.2 Heat Transfer Effectiveness of DPHE using Water-CMC Fluid

Figures from (5-33) to (5-36) describe the variation of the heat transfer
effectiveness of heat exchanger with hot fluid (Water-CMC fluid) volume flow rate
in inner pipe under effect of single and two phases flow in annular region. The CMC
partials which are added to pure water lead to improve pure water properties as
presented in chapter three. The Water-CMC fluid has higher physical properties than
that of pure water. The important result from this addition gets higher viscosity fluid
than that of pure water. The viscosity of the water-CMC fluid increases with
increasing CMC concentration. The CMC particles are added at two different
concentration 0.2% and 0.5% by weight. An increase in the viscosity of the fluid
leads to an increase in heat exchange gain and rate between fluids in the contact
regions. As well, the better concentration is 0.5% by weight. The air injection in
mixing chamber at (360, 420 and 480 L/hr) flow rate in the different conditions as
shown over each figure. It has been observed that the heat transfer effectiveness
under the influence of single phase flow has the same response in parallel and
counter flow increase with increasing flow rate in inner pipe. For two phases flow,

increasing air flow rate lead to increase the heat transfer effectiveness according to
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equations (F-21) and the hot fluid has minimum thermal capacity in this equation,
and to be varied from 8 to 14 L/min. So, that the increase of hot flow rate, will
increase the average heat transfer which increases the heat transfer effectiveness.
Increasing the air flow rate that is mixed with water in annular region the level of
water layer turbulence also increases. This turbulence in water layer influence on the
thermal boundary layer, is formed on the inner pipe outer surface area region. Table
(5-6) shows the heat transfer effectiveness values under different flow conditions

and CMC concentration by weight.

Table (5-6): Experimental value of the heat transfer effectiveness at using hot fluid water

+ 0.5% CMC by weight.
Number of Flow Cold fluid | Hot fluid | Air flow
o direction Level flow r‘ate flow r.ate ratt? e

(L/min) (L/min) (L/min)
Parallel Maximum 24 14 0 0.310
Single flow Minimum 24 8 0 0.270
phase Counter Maximum 24 14 0 0.334
flow Minimum 24 8 0 0.293
Parallel Maximum 24 14 480 0.353
Two phases flow Mini'murn 24 8 360 0.325
Counter Maximum 24 14 480 0.380
flow Minimum 24 8 360 0.347

5.2.2.2 Heat Transfer Effectiveness of DPHE using Water-MgO Fluid

Figures from (5-37) to (5-44) illustrate the heat transfer effectiveness variation
with hot fluid (Water-MgO Fluid) flow rate in the inner pipe for different MgO
nanoparticles concentration (0.125%, 0.25%, 0.5% and 1% by volume) in different
flow conditions which are pointed out in each figure. It can be noticed that the
nanoparticle enhances the heat transfer effectiveness of heat exchanger at increasing
hot fluid volume flow rates. The two phases flow in annular side and air flow rate
increase due to the heat transfer effectiveness. The effectiveness increases with
increasing nanoparticle concentration because the nanoparticle reduces the

temperature difference between the wall and bulk nanofluid causing an increase in
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heat transfer coefficient then effectiveness increases. The best MgO nanoparticles
concentration in this case is 1% by volume, and the result for this case is shown in
table (5-7).

Table (5-7): Experimental value of the heat transfer effectiveness at using hot fluid water

+ 1% MgO by volume.

Cold fluid | Hot fluid | Air flow
Number of Flow
- —— direction Level flow r‘ate flow r.ate ratc? e
(L/min) (L/min) (L/min)
Parallel Maximum 24 14 0 0.326
Single flow Minimum 24 8 0 0.29
phase Counter Maximum 24 14 0 0.351
flow Minimum 24 8 0 0.312
Parallel Maximum 24 14 480 0.367
Two phases flow Mini'murn 24 8 360 0.342
Counter Maximum 24 14 480 0.395
flow Minimum 24 8 360 0.365

5.2.2.2 Heat Transfer Effectiveness of DPHE using Water-MgO-CMC Fluid

In the previous section, the Water-MgO fluid is used as hot fluid to enhance
the heat exchange rate. In this fluid, MgO particles suffer from agglomeration,
because of the effect on stability of nanofluid and where it become weaker and
nanoparticles deposit on the bottom of vessel. This leads to accounting the use of
nanoparticles in various application. Therefore, a solution must be found to this
problem and prevent nanoparticles from agglomeration and deposit on the bottom of
vessel. In this case, MgO particles dispersed in Water-CMC as working fluid to
prevent agglomeration and deposit of MgO particles and to enhance physical
properties of base fluid.

Figures from (5-45) to (5-58) illustrate the relationship of the heat transfer
effectiveness with hot fluid (Water-MgO-CMC Fluid) volume flow rate in inner pipe
for different flow conditions. The cold fluid is pure water flow in annulus side and
remains constant at 24 L/min for single phase. The air is injecting in mixing chamber

to mix with water that flow in annulus side to generate two phases flow at air

119



Lhapter Five Results and discussion

volumetric flow rate range (360, 420 and 480 L/hr) to get different flow pattern. This
relation is an upward relationship. As the heat transfer effectiveness has the same
response in previous figures at various flow conditions. It has been shown that the
increase in flow rate of air, will increase effectiveness according to equation (F-21)
the maximum thermal capacity in this equation is for cold fluid and it constant at 24
L/min so that the increase of hot flow rate from 8 to 14 L/min will increase the
average heat transfer which increases the heat transfer effectiveness. The air flow
rate that mixing with water in annular region increases, due to increase the level of
water layer turbulence. This turbulence in water layer influences the thermal
boundary layer, that is formed on the inner pipe outer surface area region. For single
phases flow, the heat transfer effectiveness slightly increases dependent on type of
hot fluid. The heat transfer effectiveness for two phases flow do not depend on hot
fluid type only, but also, dependent on-air volumetric flow rate. There are two
concentrations of CMC particles used 0.2% and 0.5% by weight, and each
concentrations makes a change in the MgO concentrations by volume at range
(0.125%, 0.25%, 0.5% and 1% by volume). It has been shown no significant change
in the effectiveness under different flow conditions as pointed out in each figure.
The highest values of effectiveness marks with 1% MgO by volume and 0.5% CMC
by weight as shown in table (5-8).

Table (5-8): Experimental value of the heat transfer effectiveness at using hot fluid water + 1%

MgO vol.+ 0.5% CMC by weight.

Cold fluid Hot fluid Air flow
Number of Flow
phases direction Level flow e flow T rate e
(L/min) (L/min) (L/min)
Parallel flow |—MaXimum 24 14 0 0.347
Single phase Mml.mum 24 8 0 0.317
Counter flow Maximum 24 14 0 0.374
Minimum 24 8 0 0.340
Parallel flow |—MaXimum 24 14 480 0.385
Two phases Mm'_m“m 24 8 360 0.366
Counter flow Maximum 24 14 480 0.416
Minimum 24 8 360 0.390
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Figure (5-31):

Variation of heat transfer effectiveness with hot fluid (pure water) flow rate for

parallel flow.
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Figure (5-32): Variation of heat transfer effectiveness with hot fluid (pure water) flow rate for

counter flow.
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Figure (5-33): Variation of heat transfer effectiveness with hot fluid (water+0.2% CMC wt.)
flow rate for parallel flow.
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Figure (5-34): Variation of heat transfer effectiveness with hot fluid (water+0.2% CMC wt.)
flow rate for counter flow.
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Figure (5-35): Variation of heat transfer effectiveness with hot fluid (water+0.5% CMC wt.)
flow rate for parallel flow.
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Figure (5-36): Variation of heat transfer effectiveness with hot fluid (water+0.5% CMC wt.)
flow rate for counter flow.
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Figure (5-37): Variation of heat transfer effectiveness with hot fluid (water+0.125% MgO vol.)
flow rate for parallel flow.
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Figure (5-38): Variation of heat transfer effectiveness with hot fluid (water+0.125% MgO vol.)
flow rate for counter flow.
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Figure (5-39): Variation of heat transfer effectiveness with hot fluid (water+0.25% MgO vol.)
flow rate for parallel flow.
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Figure (5-40): Variation of heat transfer effectiveness with hot fluid (water+0.25% MgO vol.)
flow rate for counter flow.
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Figure (5-41): Variation of heat transfer effectiveness with hot fluid (water+0.5% MgO vol.)
flow rate for parallel flow.
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Figure (5-42): Variation of heat transfer effectiveness with hot fluid (water+0.5% MgO vol.)
flow rate for counter flow.
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Figure (5-43): Variation of heat transfer effectiveness with hot fluid (water+1% MgO vol.) flow
rate for parallel flow.

Figure (5-44): Variation of heat transfer effectiveness with hot fluid (water+1% MgO vol.) flow
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rate for counter flow.
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Figure (5-45): Variation of heat transfer effectiveness with hot fluid (water+0.125% MgO
vol.+0.2% CMC) flow rate for parallel flow.
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Figure (5-46): Variation of heat transfer effectiveness with hot fluid (water+0.125% MgO
vol.+0.2% CMC) flow rate for counter flow.
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Figure (5-47): Variation of heat transfer effectiveness with hot fluid (water+0.25% MgO
vol.+0.2% CMC) flow rate for parallel flow.
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Figure (5-48): Variation of heat transfer effectiveness with hot fluid (water+0.25% MgO
vol.+0.2% CMC) flow rate for counter flow.
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Figure (5-49): Variation of heat transfer effectiveness with hot fluid (water+0.5% MgO
vol.+0.2% CMC) flow rate for parallel flow.
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Figure (5-50): Variation of heat transfer effectiveness with hot fluid (water+0.5% MgO
vol.+0.2% CMC) flow rate for counter flow.
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Figure (5-51): Variation of heat transfer effectiveness with hot fluid (water+1% MgO vol.+0.2%
CMC) flow rate for parallel flow.
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Figure (5-50): Variation of heat transfer effectiveness with hot fluid (water+1% MgO vol.+0.2%
CMC) flow rate for counter flow.
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Figure (5-53): Variation of heat transfer effectiveness with hot fluid (water+0.125% MgO
vol.+0.5% CMC) flow rate for parallel flow.
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Figure (5-54): Variation of heat transfer effectiveness with hot fluid (water+0.125% MgO
vol.+0.5% CMC) flow rate for counter flow.
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Figure (5-55): Variation of heat transfer effectiveness with hot fluid (water+0.25% MgO
vol.+0.5% CMC) flow rate for parallel flow.
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Figure (5-56) Variation of heat transfer effectiveness with hot fluid (water+0.25% MgO
vol.+0.5% CMC) flow rate for counter flow.

133



Lhapter Five Results and discussion

04 T T | T T T |
Water + (h.5% vol MgO + 0.5% wt. Cme
Parallel Flaw
- Voo = 24 Limin i
& No Air Flow
- Ve = 360 L
0.38 b Vm o 420 L P =
- Vi = 480 L o
@ ! I |
o . —
E . __F,.-I‘
2036 - e ety ]
] | e e
= - - - -
= A _
E i E-]
£ 034 |- ] —
= P o
L
032 |- =3 —
®
03 l 'l ' Il I 1 I
8 10 12 14
V©, (L/min)

Figure (5-57): Variation of heat transfer effectiveness with hot fluid (water+0.5% MgO
vol.+0.5% CMC) flow rate for parallel flow.
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Figure (5-58): Variation of heat transfer effectiveness with hot fluid (water+0.5% MgO
vol.+0.5% CMC) flow rate for counter flow.
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Figure (5-59): Variation of heat transfer effectiveness with hot fluid (water+1% MgO vol.+0.5%

CMC) flow rate for parallel flow.
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Figure (5-58): Variation of heat transfer effectiveness with hot fluid (water+1% MgO vol.+0.5%
CMC) flow rate for counter flow.
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5.2.3 Overall Heat Transfer Coefficient (Ui)

The implementations device contains two fluid streams separated by solid
wall. The heat transfer process in heat exchanger involves both convection and
conduction. The heat is transferred from hot fluid to cold fluid, for this reason overall
heat transfer calculate for each stream. The overall heat transfer coefficient in heat
exchanger depend one:

1. Position of working fluid.

2. State of working fluid cold or hot.

3. Fluid type and property.

4. Flow type.

5. Property of separated wall.

6. The transmission surfaces.

This section presents the overall coefficient of inner pipe for implementation
device. It is often convenient to work with anoverall heat transfer
coefficient, known as a (Ui) with this systems. The overall heat transfer
coefficient of inner pipe for double pipe heat exchanger calculated according to
equation (F-9) for various flow conditions. It is dependent on hot fluid type and
range of its flow rate, and the hot fluid flow rate range (8-14 L/min). Also, it is
affected by cold fluid flow type in annular side either single phase or two-phase
flow. The single-phase flow means cold water flow only in annular side at volume
flow rate 24 L/min. On the other hand, the two phases flow means cold water flow
at volume flow rate 24 L/min and mixing with air flow rate range (360-480 L/hr).
5.2.3.1 Overall Heat Transfer Coefficient Using Pure Water

Figures (5-59) and (5-60) introduce the relation between overall heat transfers
and pure water flow rate at inner pipe under different flow conditions which are

demonstrated in each figure. For this case pure water is used as hot fluid flow rate
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range (8, 10, 12 and 14 L/min), and take into account the effect of a single phase and
two-phase flow in annular side. The cold-water flow in annular side 24 L/min, and
to generate two phases flow air must be mixed in mixing chamber at (360, 420 and
480 L/hr) under turbulent condition. It has been shown that the increase of volume
flow rate of hot fluid increases the overall coefficient that influences the increase of
thermal capacity. This effect is noticed by the equation (F-9), where the average heat
transfer rate will increase the overall heat transfer according to equation (F-9). The
effect of two phases flow in heat exchanger helps to mix and increase turbulent and
then increase thermal conductivity and reduce logarithmic mean temperature
difference (LMTD) for various flow conditions, that increases the overall

coefficient. The increment in overall coefficient presented in table (5-9).

Table (5-9): Experimental value for overall heat transfer coefficient of inner pipe using

pure water as working fluid

Number of Flow ol gl Lt g1 816 Air flow Ui
phases direction 5] vy r.ate L0 r.ate rate (L/min) (W/m?. K)
(L/min) (L/min)
Parallel flow |—AaXimum 24 14 0 1158.98
Single phase Mln{mum 24 8 0 512.7
Counter flow Max1 mum 24 14 0 1249.76
Minimum 24 8 0 565.2
Parallel flow Max1 mum 24 14 480 1431.33
Two phases Minimum 24 8 360 670.196
Counter flow | —aximum 24 14 480 1522.11
Minimum 24 8 360 722.7

5.2.3.2 Overall Heat Transfer Coefficient Using Water-CMC Fluid

The pure water is a tradition fluid that is used in different thermal application,
and need to different additives to improve its physical properties. In this case CMC
polymer particles are used at two concentrations 0.2% and 0.5% by weight. The
resulted Water-CMC fluid has higher physical properties than pure water leading to
increase overall heat transfer coefficient. Also, the overall heat transfer coefficient
is affected by single and two phases flow which flow in annular pipe. Figures from

(5-61) to (5-64) illustrate the relationship between the overall heat transfer
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coefficient and the hot fluid volume flow rate (water-CMC fluid) and take into
account the effect of single and two phases flow. The flow conditions pointed over
each figure that affect the overall heat transfer values. For single phase flow, overall
coefficient increases as the Water-CMC hot fluid flow increases. On the other hand,
the overall heat transfer coefficient is affected by two phases flow in annular side
and hot fluid (Water-CMC fluid) flow rate. So, the overall heat transfer coefficient
increases with the increase of air flow rate and the water-CMC hot fluid flow rate.
The CMC particles increase lead to increase the overall heat transfer coefficient and
0.5% wt. is better CMC concentrations. The overall heat transfer coefficient under

various flow condition and 0.5% wt. CMC is shown in table (5-10).
Table (5-10): Experimental value for overall heat transfer coefficient of inner pipe using

water+ 0.5% CMC wt. as working fluid.

Cold fluid Hot fluid

Number of Flow Air flow Ui
phases direction Level flow rate Hlgeriie | e (L/min) | (W/m* K)
(L/min) (L/min) :
Parallel flow Me.lx.i mumh 24 14 0 1298.3
Single phase Mln{mum 24 8 0 592.14
Counter flow ng.lmum 24 14 0 1389.736
Minimum 24 8 0 654.02
Parallel flow Me.lx.i mumh 24 14 480 1572.59
Two phases Minimum 24 8 360 750.76
Counter flow |—aximum 24 14 480 1664.026
Minimum 24 8 360 803.63

5.2.3.3 Overall Heat Transfer Coefficient Using Water-MgO Fluid

The increase in heat transfer rate is due to the increase in the overall heat
transfer coefficient, and this is needed to enhance physical properties of pure water.
In this case MgO nanoparticles are used with various range (0.125%, 0.25%, 0.5%
and 1% by volume) to do this enhancement. This process lead to increase almost
physical properties and reduce specific heat as shown in chapter three. The heat
transfer rate doesn’t depend only on specific heat, but also to the thermal
conductivity of MgO particles play a major rule in increasing heat transfer rate.

Figures from (5-65) to (5-72) demonstrate the increase in overall coefficient as the
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increase in flow rate of hot fluid (Water-MgO Fluid) in inner pipe with different
MgO nanoparticles concentration (0.125%, 0.25%, 0.5% and 1% by volume) in
different flow conditions as they are pointed over each figure. It can be noticed that
the nanoparticle enhances the inner pipe overall coefficient at increasing hot fluid
volume flow rates. The two phases flow in annular side and air flow rate increase
due to increase in the overall coefficient. Nanoparticle reduces the temperature
difference of wall and bulk nanofluid which increases convection coefficient, then
increase heat exchange rate leading increase the inner pipe overall coefficient. This
due to that the overall heat transfer coefficient increases with increasing nanoparticle
concentration coming out with finding that the best MgO nanoparticles
concentration in this case is 1% by volume, and the result for this case is shown in
table (5-11).

Table (5-11): Experimental value for overall heat transfer coefficient of inner pipe using water+

1% MgO vol. as working fluid.

Cold fluid | Hot fluid | Air flow .
Number of Flow Ui
phases direction Ll ilowy iy | i Gy s rate (W/m?. K)
(L/min) (L/min) (L/min)
Parallel Maximum 24 14 0 1386.522
Single flow Minimum 24 8 0 643.8732
phase Counter Maximum 24 14 0 1477.541
flow Minimum 24 8 0 696.5
Parallel Maximum 24 14 480 1659.58
Two phases flow Mini.mum 24 8 360 801.7713
Counter Maximum 24 14 480 1740.062
flow Minimum 24 8 360 848.166

5.2.3.4 Overall Heat Transfer Coefficient Water-MgO-CMC Fluid

The addition of nanoparticles to pure water has a side effect that the
nanoparticles suffer from deposition and agglomeration. This effect leads to the
nanoparticles not being properly distributed during the flow, while remaining
deposition, and this affects on the heat transfer rate. This leads to accounting the use

of nanoparticles in various application. Therefore, a solution must be found to this
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problem and prevent nanoparticles from agglomeration and deposition on the bottom
of tank. In this case, MgO particles dispersed in Water-CMC as working fluid to
prevent agglomeration and deposition of MgO particles and to enhance physical
properties of base fluid. Figures (5-73) to (5-86) introduce the relation between
overall heat transfers of inner pipe as hot fluid volume flow through inner pipe at
various flow conditions and influence of single and two phases flow. In this case,
these flow conditions present at two CMC concentrations (0.2% and 0.5% by
weight) and four MgO particles concentrations (0.125%, 0.25%. 0.5% and 1% by
weight). It has been shown that the increase of volume flow rate of hot fluid increases
overall coefficient because of thermal capacity increase. It can be noticed this effect
by equation (F-9), where increasing the average heat transfer rate increases the
overall heat transfer according to equation (F-9). The effect of air with cold water in
the annulus of heat exchanger helps to mix and increase turbulent and then increase
thermal conductivity and reduce (LMTD) for counter flow, that increases the overall
heat transfer coefficient. It's found that is significant impact by comparing the
parallel flow and counter flow configuration on overall heat transfer coefficient. It
is found that the best result at using 0.5% CMC wt. and 1% MgO vol. as shown in
table (5-12).

Table (5-12): Experimental value for overall heat transfer coefficient of inner pipe using water+
1% MgO vol.+ 0.5% CMC wt.as working fluid.

Cold fluid | Hot fluid | Air flow .
Number of Flow Ui
phases direction L] o r‘ate dlosy r.ate ratc? (W/m?. K)
(L/min) (L/min) (L/min)
Parallel Maximum 24 14 0 1536.94
Single flow Minimum 24 8 0 729.73
phase Counter Maximum 24 14 0 1628.607
flow Minimum 24 8 0 782.74
Parallel Maximum 24 14 480 1811.94
Two phases flow Mini'murn 24 8 360 888.75
Counter Maximum 24 14 480 1903.6
flow Minimum 24 8 360 941.756
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Figure (5-59): Variation of inner pipe overall heat transfer coefficient with hot fluid (pure water)
flow rate for parallel flow.
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Figure (5-60): Variation of inner pipe overall heat transfer coefficient with hot fluid (pure water)

flow rate for counter flow.
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Figure (5-61): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.2% CMC wt.) flow rate for parallel flow.
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Figure (5-62): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +

0.2% CMC wt.) flow rate for counter flow.
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Figure (5-63):

Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.5% CMC wt.) flow rate for parallel flow.
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Figure (5-64):

Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.5% CMC wt.) flow rate for counter flow.
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Figure (5-65): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.125% MgO vol.) flow rate for parallel flow.
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Figure (5-66): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.125% MgO vol.) flow rate for counter flow.
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Figure (5-67): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.25% MgO vol.) flow rate for parallel flow.
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Figure (5-68): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.25% MgO vol.) flow rate for counter flow.
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Figure (5-69):

Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.5% MgO vol.) flow rate for parallel flow.
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Figure (5-70):

Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.5% MgO vol.) flow rate for counter flow.

146



Lhapter Five

Kesults and discussion

Inner Pipe Overall Heat Transfer Coefficient (W/m2.°C)

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

| Water + 1% vol. MgO

Parallel Flow

Veo =24 L/min
—@— No Air Flow

= V'a =360 L/hr

b V'a =420 L/hr

~ V'a=480L/hr

8 10 12 14
V'l (L/min)

Figure (5-71): Variation of inner pipe overall heat transfer coefficient with hot fluid (water + 1%

MgO vol.) flow rate for parallel flow.

Inner Pipe Overall Heat Transfer Coefficient (W/m2.'C)

1800

1700

1600

1500

1400

1300

1200

1100

1000

900

800

700

I T T T T T T
Water + 1% vol. MgO
Counter Flow

Veo = 24 L/min
—@&— No Air Flow

—8— '3 -360L/hr | |
—&— y"a =420 L/hr

WV a = 480 L/hr

-
T 1 | 1 ] L |
8

10 12 14
V'l (L/min)

Figure (5-72): Variation of inner pipe overall heat transfer coefficient with hot fluid (water + 1%

MgO vol.) flow rate for counter flow.
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Figure (5-73):

Variation of inner pipe overall heat transfer coefficient with hot fluid (water +

0.125% MgO vol.+0.2% CMC wt.) flow rate for parallel flow.

1800

1700

1600

1500

1400

1300

1200

1100

1000

9200

800

Inner Pipe Overall Heat Transfer Coefficient (W/m?2.°C)

700

| Water + 0.125% vol. MgO -+ 0.2% wt.Cmc

Counter Flow

V' co =24 L/min
—®— No Air Flow

= V'a =360 L/hr
b V'a = 420 L/hr

V'a = 480 L/hr

' |

8 10 12
V'l (L/min)

14

Figure (5-74):

Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.125% MgO vol.+0.2% CMC wt.) flow rate for counter flow.

148



Lhapter Five Results and discussion

1800 M water + 0.25% vol. MgO + 0.2% wt.Cme 1
= Parallel Flow = -
1700 = V'co = 24 L/min —

L | —®— No Air Flow

1600 = ® v'a—360L/hr
F| & Vva=420L/br
1500 H —*— vta=4soL/mr

1400

1300

1200

1100

1000

900

800

Inner Pipe Overall Heat Transfer Coefficient (W/m%°C)

700

8 10 12 14
V' (L/min)

Figure (5-75): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.25% MgO vol.+0.2% CMC wt.) flow rate for parallel flow.
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Figure (5-76): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.25% MgO vol.+0.2% CMC wt.) flow rate for counter flow.
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Figure (5-77):

Variation of inner pipe overall heat transfer coefficient with hot
0.5% MgO vol.+0.2% CMC wt.) flow rate for parallel flow.
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Figure (5-78):

Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.5% MgO vol.+0.2% CMC wt.) flow rate for counter flow.
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Figure (5-79): Variation of inner pipe overall heat transfer coefficient with hot fluid (water + 1%
MgO vol.+0.2% CMC wt.) flow rate for parallel flow.
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Figure (5-80): Variation of inner pipe overall heat transfer coefficient with hot fluid (water + 1%
MgO vol.+0.2% CMC wt.) flow rate for counter flow.
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Figure (5-81): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.125% MgO vol.+0.5% CMC wt.) flow rate for parallel flow.
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Figure (5-82): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.125% MgO vol.+0.5% CMC wt.) flow rate for counter flow.
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Figure (5-83):

Variation of inner pipe overall heat transfer coefficient with hot fluid (water +

0.25% MgO vol.+0.5% CMC wt.) flow rate for parallel flow.
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Figure (5-84):

Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.25% MgO vol.+0.5% CMC wt.) flow rate for counter flow.
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Figure (5-85): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.5% MgO vol.+0.5% CMC wt.) flow rate for parallel flow.
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Figure (5-86): Variation of inner pipe overall heat transfer coefficient with hot fluid (water +
0.5% MgO vol.+0.5% CMC wt.) flow rate for counter flow.
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Figure (5-87) Variation of inner pipe overall heat transfer coefficient with hot fluid (water + 1%
MgO vol.+0.5% CMC wt.) flow rate for parallel flow.
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Figure (5-88): Variation of inner pipe overall heat transfer coefficient with hot fluid (water + 1%
MgO vol.4+0.5% CMC wt.) flow rate for counter flow.
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5.2.4 Pressure Drop in Double Pipe Heat Exchanger

Figure (5-89) access the relation between pressure drop and the volumetric flow rate
for different hot fluid types. This figure marks pressure drop comparison between
pure water and the water-CMC fluid with different CMC concentrations 0.2% and
0.5% by weight. The values of this case measured experimentally under different
flow conditions which are shown in this figure. It can be noticed that the increase in
the pressure drop value is due to an increase in the flow rate, pressure drop of the
water-CMC fluid higher than pressure drop of pure water to be increased with CMC
concentration increase. The water-CMC fluid is suitable for system which need to
higher pressure because of it has high viscosity and density. The increase in pressure
and physical properties improve heat exchange rate because the water-CMC fluid
has the ability to gain and transfer heat quickly when flow in inner pipe. The highest
pressure drops values for this case is shown in table (5-13) at hot fluid flow rate 14
L/min.

Table (5-13): Maximum experimental value of pressure drop in inner pipe using pure water and
water-CMC fluid

. Hot fluid flow Pressure dro
Sttt rate (L/min) (Kpa) i
Pure water 14 1.21
Water + 0.2% CMC wt. 14 1.37
Water + 0.5% CMC wt. 14 1.6

Figure (5-90) presents pressure drop variation with the volumetric flow rate
of nanofluid (water-MgO fluid) and pure water. The flow conditions for this case
pointed over this figure. It has been shown that the pressure drops of nanofluid
higher than pressure drop of pure water and this increases the increasing of volume
flow rate. The increase MgO nanoparticles concentration lead to increased pressure
drop values because of increasing viscosity and density. The collisions between the
nanofluid particles and the wall of inner pipe, cause an impediment to the fluid flow.
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Also, these reasons improve heat transfer rate because increasing physical properties
of the water-MgO fluid. Table (5-14) presents maximum values of pressure drop for
this case under a volume flow rate 14 L/min.

Table (5-14): Maximum experimental value of pressure drop in inner pipe using pure water and
water-MgO fluid

. Hot fluid flow Pressure dro
Ii1gf; T (s rate (L/min) (Kpa) i
Pure water 14 1.21
Water + 0.125% MgO vol. 14 1.63
Water + 0.25% MgO vol. 14 1.67
Water + 0.5% MgO vol. 14 1.74
Water + 1% MgO vol. 14 1.82

Figures (5-91) and (5-92) illustrate the relation between pressure drop with
the volumetric flow rate of hot fluid in inner pipe. These figures present pressure
drop of pure water and the water-MgO-CMC fluid and made comparison between
them. There are two CMC concentrations 0.2% and 0.5 by weight implement with
MgO concentration range (0.125%, 0.25%, 0.5% and 1% by volume) under different
flow conditions which are shown in each figure. It has been observed that the volume
flow rate increases due to the increase pressure drop. It is found that for the same
volume flow rate the value of pressure drop increase with an increase in
concentration of nanofluid or CMC. This is due to three reasons, firstly, when the
volume flow rate increases the pressure values increase; Secondly, when the
concentrations of nanofluid increases, the pressure values increase because of the
increase in viscosity and density of nanofluid; Third reason, the collisions between
the nanofluid particles and the CMC particles and wall of pipe, cause an obstruction
to the fluid flow. It is also found that pressure drop at (water + 1% vol. MgO + 0.5%
wt. CMC) that maximum volume flow rate is the highest. The MgO particles
disperse in the water- CMC fluid and this gives stability to MgO particles leading to
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an increase in pressure and enhancing heat exchange rate. The maximum values of

this case are presented in table (5-15).

Table (5-15): Maximum experimental value of pressure drop in inner pipe using pure water and
water-MgO-CMC fluid

. Hot fluid flow Pressure drop
Hot fluid types rate (L/min) (Kpa)
Pure water 14 1.21
Water + 0.125% MgO vol.+0.2% CMC 14 18
wt. '
Water + 0.25% MgO vol. +0.2% CMC wt. 14 1.86
Water + 0.5% MgO vol. +0.2% CMC wt. 14 1.92
Water + 1% MgO vol. +0.2% CMC wt. 14 2
0 0
Water + 0.125% N\[ﬁO vol.+0.5% CMC 14 185
Water + 0.25% MgO vol. +0.5% CMC wt. 14 1.92
Water + 0.5% MgO vol. +0.5% CMC wt. 14 1.97
Water + 1% MgO vol. +0.5% CMC wt. 14 2.05

5.2.5 Friction Factor in Double Pipe Heat Exchanger

Figures from (5-93) to (5-96) induces a comparison between friction factors for
different hot fluid types with their volume flow rate. These figures present a
comparison between pure water pressure drop and pressure drop for different types
of hot fluid under different flow conditions that are shown in each figure. It can be
seen from the figures that the friction factors tend to decrease as volume flow rate
increases according to the equation (F-16). Figure (5-93) presents friction factor
values when CMC is added at two concentrations 0.2% and 0.5% wt. This leads to
increase pressure drop and heat exchange rate because the enhancement in physical
properties for the water-CMC fluid. The effect of adding MgO nanoparticles at
different concentrations present in figure (5-94) under various flow conditions and
concentrations range (0.125%, 0.25%, 0.5% and 1% by volume). Figures (5-95) and
(5-96) show friction factor coefficient at two CMC concentration 0.2% and 0.5 by
weight implement with MgO concentration range (0.125%, 0.25%, 0.5% and 1% by

158



Lhapter Five Results and discussion

volume) under different flow conditions which are shown in each figure. Generally,
the fraction factor increases with the increasing of concentration of MgO
nanoparticle and CMC that is due to increase of density of nanofluid. Table (5-16)

demonstrates the friction factor values for different hot fluids types.

Table (5-16): Maximum experimental value of friction factor in inner pipe for different hot

fluids types.
Hot fluid types Iiz:eﬂ(lf;lmf}g;v Friction factor
Pure water 14 0.015
Water + 0.5% CMC wt. 14 0.0198
Water + 1% MgO vol. 14 0.022
Water + 1% MgO vol. +0.5% CMC wt. 14 0.0248

5.2.6 Pumping Power of Double Pipe Heat Exchanger

This section demonstrates pumping power that is required to push various hot
fluid types in inner pipe. The estimate of the pumping power is necessary to calculate
the cost of pushing hot fluid for specific heat exchanger design. The pumping power
is directly proportional to pressure drop according to equation (F-22), and pressure
drop is directly affected by the square of fluid velocity according to equation (F-16).
So, pumping power directly affected by the square of fluid velocity. So, when hot
fluid is used with high viscosity a density, increase pumping power and required

cost.

Figures (5-97) from (5-100) demonstrate the relation between pumping power
and the value of volume flow rate of pure water, water-CMC fluid, water-MgO fluid,
water-MgO-CMC fluid respectively under different flow conditions which are
pointed in each figure. The values of pumping power at each figure present base case
which compare other cases with it. Figure (5-97) shows the pumping power of water-
CMC fluid at two CMC concentration 0.2% and 0.5 by weight. Figure (5-98)

presents the pumping power of water-MgO fluid with its flow rate at different
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concentrations range (0.125%, 0.25%, 0.5% and 1% by volume). Figures (5-99) and
(5-100) illustrate the pumping power of water-MgO-CMC fluid at two CMC
concentration 0.2% and 0.5 by weight implement with MgO concentration range
(0.125%, 0.25%, 0.5% and 1% by volume) under different flow conditions that are
shown in each figure. From the previous figures of the pumping power, it is found
that the pumping power of different hot fluid types increases for two reasons. Firstly,
when volume flow rate of hot fluid increases inside the inner pipe. Secondly, when
concentration of MgO nanoparticle and CMC increases. The response of pumping
power has taken same behavior of pressure drop with flow rate. The maximum
values for pumping power of better additives in each case are demonstrate in table

(5-17) when hot fluid flow rate 14 L/min.

Table (5-17): Maximum experimental value of pumping power in inner pipe for different hot

fluids types.
. Hot fluid flow | Pumping power
Ii1gf; T (s rate (L/min) ?W/gnf)
Pure water 14 0.282
Water + 0.5% CMC wt. 14 0.374
Water + 1% MgO vol. 14 0.425
Water + 1% MgO vol. +0.5% CMC wt. 14 0.479
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5.3. Flow Patterns

The flow patterns of air-water two-phase flow in a vertical, horizontal and
inclined pipe with define pipe diameter are measured experimentally and
demonstrate in different flow patterns maps. These maps present according to pipe
diameter and pipe inclination. The flow patterns that result from present work not
subject to any previously mentioned map. Images of flow patterns recorded by
ordinary camera. These images give description of the flow pattern at length of 1.7

m from the beginning of the cold fluid flow.

In the present experimental work, the measurements in two-phase flow are
performed for different air-water flow regimes. Most flow regimes in the pipe are
closed or most closed in bubbly, slug and stratified flow. In order to present various
flow regimes of two phases air-water flow by variation air and water flow rate are
recommended. The suggested water flow rates are 24, 26, 28 and 30 L/min, and the

air flow rates are in range of 360, 420 and 480 L/hr.

Figures from (5-101) to (5-103) characterize different flow regimes, two
phases flow at water flow rate is 24 L/min, and the air flow rate varies from 360 to

480 L/hr.
Figure (5-101) characterizes flow regime at water flow rate 24 L/min and air
flow rate 360/hr. Figure (5-50) shows bubbly flow pattern that recognize by the

video camera zone. The bubbles that appearance and move in this figure as cloud.

Figures (5-102) and (5-103) demonstrate various flow regimes at fixed water
flow rate 24 L/min with different air flow rate 420 and 480 L/hr. The air bubble
shape appears by using video camera giving the named flow regime. Figure (5-102)

shows slug flow pattern and Figure (5-103) shows stratified flow pattern.
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Figures (5-104) to (5-106) give the stages of observation and growing of air
bubbles in water flow. These figures demonstrate flow regime at fixed water flow
rate 26 L/min and various air flow rate. Figures (5-104) and (5-105) present bubbly
flow pattern at air flow rate 360 and 420 L/hr. Figure (5-106) shows stratified flow
pattern at air flow rate 460 L/hr.

Figures from (5-107) to (5-109) characterize flow patterns at various flow
conditions, these flow patterns are recognized by the video camera. This case done
under conditions of constant water flow rates 28 L/min. Figure (5-107) presents
bubbly flow regime at air flow rate 360 L/hr. Figures (5-108) and (5-109) illustrate
various flow regimes, slug flow pattern with air flow rate 420 L/hr and stratified

flow pattern at air flow rate 480 L/hr respectively.

Figures (5-110) to (5-111) show the air-water flow pattern under the condition
of constant water flow rate and various air flow rate. The air bubbles that move in
these figures moves faster than bubbles in previous conditions. Figure (5-110)
presents bubbly flow regime at water flow rate 30 L/min, and air flow rate 360 L/hr
with spherical bubbles shape and moves in line. Figure (5-111) shows bubbly flow
regime at water flow rate 30 L/min air flow rate 420 L/hr with irregular bubbles
shape, large and moves in line. Figures (5-112) shows a stratified flow regime under

conditions at water flow rate 30 L/min air flow rate 480 L/h.
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Figure (5-101): Flow regime at V'w =24 L/min and V'a = 360

Figure (5-102): Flow regime at V'w =24 L/min and V'a = 420

Figure (5-103): Flow regime at V'w = 24 L/min and V'a = 480
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Figure (5-104): Flow regime at V'w = 26 L/min and V'a =360 L/hr.

Figure (5-105): Flow regime at V'w = 26 L/min and V'a =420 L/hr.

Figure (5-106): Flow regime at V'w = 26 L/min and V'a = 480 L/hr.
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Figure (5-107): Flow regime at V-w =28 L/min and V-a =360 L/hr.

Figure (5-108): Flow regime at V-w = 28 L/min and V-a =420 L/hr.

Figure (5-109): Flow regime at V-w = 28 L/min and V-a =460 L/hr.
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Figure (5-110): Flow regime at V-w = 30 L/min and V-a =360 L/hr.

Figure (5-111): Flow regime at V-w = 30 L/min and V-a =420 L/hr.

Figure (5-112): Flow regime at V-w = 30 L/min and V-a =460 L/hr.
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5.4. Numerical Result

In the numerical study, 3D simulation for the system is accomplished by
employing the computational fluid dynamics (CFD) analysis software (ANSYS
2020 R1, FLUENT package). The parameters investigated in the CFD simulation

arc:

e Different concentrations are studied for the considered additives to the hot
fluid.

e Different materials are used as additives to improve the performance of the
system.

e Various values for the volumetric flowrate of both the hot fluids are
investigated.

e The flow direction is investigated considering two cases, namely, parallel
flow in which both fluids flow in the same direction and counter flow in which
the fluids flow in the opposite directions.

e The effect of two-phase flow is investigated through the CFD simulation.

5.4.1 Effect of The Concentration of Additives

Two different materials are used as additives to improve the properties of the
flow field. However, four different cases are considered as explained in section 5.1.
In this section, different concentrations for additive are considered. For the CMC,
max concentration is used 0.5% wt. While for the MgO nano particles, four
concentrations were considered which are (0.125%, 0.25%, 0.5% and 1% vol.).
Finally, a mixture of CMC and MgO nano particles are considered as additives to
the water. In this case, four concentrations are taken in which one concentration of
CMC is selected with the four concentrations of MgO nano particles. Table (5-18)

shows the numerical results for this case.
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5.4.1.1 Pressure Contours

Figure (5-113) presents the pressure contours for the 4 different
concentrations of the MgO nanoparticles mixed with 0.5% wt. CMC concentrations.
The flow conditions for the four cases are shown in the figure above, and all are the
same except for the concentrations of the MgO nanoparticles and CMC mixture. The
highest pressure is observed with the highest CMC and MgO nanoparticles
concentration. The value is the highest among all cases including the previous cases
presented in the previous experimental work figures. Also, the pressure in tube side
is higher than that in the annulus side, due to the small cross section area of tube
comparable with cross section area of annulus. The pressure value at the outlet of

tube side and annular side will be zero as simulate with the experimental setup.
5.4.1.2 Temperature Contours

In the current study, different additives are considered as mentioned in the
previous section. In this section, temperature contours for four cases are compared.
Figures (5-114) and (5-115) demonstrate temperature contours for hot fluid flow and
cold fluid flow respectively. The flow conditions for all cases are shown in the
mentioned figure and all are the same except for the concentrations of the MgO

nanoparticles and CMC mixture.
5.3.1.3 Velocity Contours

The velocity contours of the previous cases are presented in figure (5-116).
The change in the MgO concentrations shows no significant change in the velocity
of the working fluid, thus it can be neglected. However, when the CMC
concentration was changed, the change in the hot fluid velocity becomes clearer
compared to that when the MgO concentration is changed. So, the CMC addition to
the hot fluid has an important effect on the fluid velocity.
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Figure (5-113): Pressure contour along heat exchanger.
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Figure (5-114): Temperature contour along inner pipe of heat exchanger.
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Figure (5-115): Temperature contour along annular pipe of heat exchanger.

174



Lhapter Five Results and discussion

ANSYS
2000 A1
Velocity contour — parallel flow
Cold fluid - pore water — V'pp =24 Limim - V' =0 L/min
Hot fluid — water + 0.5% wt, Cme + 0,125% vol. Mz0 - V' =8 L/min
ANSYS
2020 A3
Velocity contour — parallel flow
Cold fluid — pore water — Vg = 24 Li'mim - Vg =0 L/min
Valocity ) —— . o
Comtour 1 Hot fluid — water + 0,5% wt. Cme + 0.25% vol. Mz0 - V' =8 L/min
l 5.430e-01
' 5.15Te-01
4.88de-01 —
4.611e-01
| ANSYS
4 218e-01 2000 M
I 4.085e-01 — .
! 3.752e-01
| 3.519e-01 Velocity contour — parallel flow
3.246e-01 Cold fluid — pure water — Vg = 24 Limin - Vg =0 L/min
I 2.973e-01 Hot fluid — water + 0.5% wt. Cme + 0.5% vol. Mz0 - V' =8 Limin
2. 700e-01
[m s*-1]
ANSYS
Hi Al

Velocity contour — parallel flow
Cold fluid — pore water — V'gg = 24 Li'mim - Vg =0 L/min
Hot fimid — water + 0.5% wt. Cme + 1% vol. M0 - V' =8 L'min

Figure (5-116): Velocity contour along heat exchanger.
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5.4.2 Effect of Hot Fluid Flow Rate

One of the most important parameters that affect the enhancement of heat
transfer rate is flow rate. The flow rate is directly proportion with amount of heat
transfer rate. The hot fluid is a mixture between pure water, MgO and CMC. The
mixture contains max amount of CMC concentration 0.5% wt. with four
concentrations of MgO nano particles (0.125%, 0.25%, 0.5% and 1% vol.). The
range of hot fluid volumetric flow rates are (8, 10, 12 and 14 L/min). Table (5-19)

shows numerical results for boundary condition that is considered in this case.
5.4.2.1 Pressure Contours

The pressure contours for different flowrates of the hot fluid are shown in
figure (5-117). the operational conditions are identical for the different cases except
the value of the volumetric flowrate of the hot fluid. The pressure increases
significantly as the volumetric flow rate is increase. The flow conditions for all four
cases are shown in the above mentioned figure and all are the same except for the
concentrations of the MgO nanoparticles and CMC mixture. The highest pressure is
observed with the highest flow rate. the pressure value at outlet of tube side and

annular side will be zero as a simulate with experimental setup.
5.4.2.1 Temperature Contours

Figure (5-118) represents the temperature contour for hot fluid in inner pipe
of heat exchanger. It has been observed that the temperature of hot fluid in inner pipe
at outlet is inversely proportionally with hot flow rate. The flow condition that
dependent in this case is demonstrated in the above mentioned each figure. The

lowest temperature is observed with the highest flow rate.
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5.4.2.1 Velocity Contours

The velocity contours are shown in figure (5.119) for various hot fluid flow rates
and constant cold fluid flow rate. All condition information is implemented in the

above mentioned figure. The velocity of a hot fluid is directly proportional to its

Kesults and discussion

flow rate. This will enhance the heat transfer.
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Figure (5-117): Pressure contour along heat exchanger at different hot fluid flow rates.

177




Lhapter Five Results and discussion
ANSYS
il i
Temperatmre contour — hot fluid - parallel flow
Cold fluid — pure water — Vo= 24 Limin - V'3 = Limin 1
Hot fluid — water + 0.5% wt. Cmme + 1% vol. M0 - V' =8 L/imin ‘:
!I
P 4
"
MNrom
Temperature contour — hot fluid - parallel flow
Cold fluid — pure water — Vo = 14 L'min - V'g = 0 L/min
Ti E
Combara Hiot fluidl — water + 0.5% wt. Cme + 1% vol. M0 - V- = 10 Limin
l 3.230e+02
I 3.216e+02
l 3.20%e+02 = =
3.18Be+02
| ANSYS
; 3.174e+02 oo Ry
| [ 3.160e+02
3.146e+02
3.132e+02 Temperature contour — hot fluid - paraliel flow
3.118e+02 Cald fluid — pure water - Vg = 14 Limin - Vg = 0 L/min
I J.104e+02 Hot fluid — water + 0.5% wt. Cme + 1% vol. Mz0 - V' = 12 Limin
3.080a+02
1]
ANSYS
M0

Temperature contour — hot fluid - parallel flow
Cold fluid — pure water — V'pg = 24 Limin - V5 = 0 L/min
Hot fluid — water + 0.5% wt. Cme + 1% vol. M=0 - V'p =14 Limin

Figure (5-118): Temperature contour along inner pipe of heat exchanger at different hot fluid

flow rates.

178




Lhapter Five Results and discussion
ANSYS
2000 A1
p—
Velocity contonr — bot floid - parallal flow
Cold fluid — pure water — V'gg = I4 Limin - Vg =0 L/min
Hot fluid — water + 0.5% wi. Cme + 1% vol. Mg - V' = 8 Li/imin
ANSYS
000 AL
Velocity contonr — bot fluid - parallal flow
Cold fluid — pure water — Vg = 14 Limin - Vg =0 L/min
Ywlocky. Hot flnid — water + 0596 wi. Coe = 1% vol, Mz0 - V' = 10 L/min
1.000e+00
w 9.270e-01
8.540e-01
7.810e-01
7.080e-01 Jl:i}I_TIS!
H 6. 350e-01
5.620e-01
4 _B90e-01 Velocity contonr — hot fluid - parallel flow
4 160e-01 Clold fluid — pure water — V'gg = 24 Limin - V53 = 0 L/'min
3.430e-01 Hot fluid — water + 0.5%% wt. Cme + 1% vol. Mz0 - V'l = 12 Limin
2. 700e-01
[ 8”=1]
ANSYS
2000 M
Velocity contour — hot fluid - parallal Aow
Cold fluid — pure water — V'eg = 24 Limin - V'3 = 0 L/min
Hot fuid — water + 0.5%% wi. Cme + 1% veol. Mg - V' = 14 L/min

Figure (5-119): Velocity contour along heat exchanger at different hot fluid flow rates.

5.4.3 Direction of Flow

The flow direction of the flowing fluids is investigated in this section. Two
cases are considered which are parallel and counter flow, as characterized in figure
(5-120) through the velocity vectors. Table (5-20) shows numerical results for
boundary condition that is implemented in this case.
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5.4.3.1 Pressure Contours

The effect of the direction of flow on the inlet pressure is presented in figure
(5-121) through the pressure contours. The counter flow system results in a higher
inlet pressure for the hot fluid which improves the characteristics of the system
making it more suitable for higher pressure systems. the pressure value at outlet of

tube side and annular side will be zero as a simulate with experimental setup.
5.4.3.2 Temperature Contours

Figure (5-122) represents the temperature contour for parallel and counter
flow. This figure shows temperature contour on surface of annulus side and tube side
at different locations for plane of heat exchanger. It has been observed that the
temperature in tube side is higher than annulus side because of the hot fluid in this
study flows inside tube. The supply flow condition, the concentrations of MgO

nanoparticles and CMC are pointed over each figure.
5.4.3.3 Velocity Contours

Figure (5-123) shows the velocity contours along the system. The counter
flow case presents a higher value for the fluid velocity which improves the heat
transfer along the system as well as the effectiveness of the heat exchanger. The
change in the direction of the flow shows no significant change in the velocity of the
hot working fluid, thus it can be neglected. However, the cold fluid direction keep
constant, and this lead to no change in its velocity. The flow conditions for parallel

and counter flow are shown in figure (5-123).
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Figure (5-120): Velocity vector contour for direction fluid flow.
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Figure (5-121): Pressure contour for different configuration flow of heat exchanger.
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Figure (5-122): Temperature contour for different configuration flow of heat exchanger.
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Figure (5-123): Velocity contour for different configuration flow of heat exchanger.

5.4.4 Effect of two-phase flow

Two different fluids were injected as two phases in annular side. The air-water
two phases flow use to enhance heat exchange rate. However, three different air flow
rates are considered as explained in section (5.1.). For the water flow rate 24 L/min
is used while for the air flow rate, three flow rates are considered which are (360,
420 and 480 L/hr). Finally, in this section, a comparison between single-phase and
two-phase flow is presented. Table (5-21) shows numerical results for boundary

condition to be considered in this case.
5.4.4.1 Pressure Contours

Figure (5-124) details the map of pressure contour at cold fluid in annular
side, pressure value is characterized through annular side in table (5-2). The pressure
at the begging in the annulus side has largest value, this value decreases as the cold

fluid continues in flow. The pressure of the cold fluid increases significantly as the
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air volumetric flow rate increases. the pressure value at outlet of annular side will be

zero as a simulate with the experimental setup.
5.3.4.2 Temperature Contours

Figures (5-125) and (5-126) represent the temperature contour on surface of
annulus side and tube side at different locations for plane of heat exchanger
respectively. The supply flow conditions are pointed over each figure. It has been
observed that the temperature in tube side is higher than annulus side because of the
hot fluid in this study flows inside tube. Table (5-21) presents the effect of increase

air flow rate in out let temperature of cold and hot fluid.
5.3.4.3 Velocity Contours

The velocity contours of air-water two phases flow at annular side are shown
in figure (5-127). The air flow rate varies with constant cold fluid flow rate as present
over each figure. The velocity of the air-water two phases flow increases with the
increase in the air flowrate. This will enhance the heat transfer characteristics along

the system.
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Figure (5-124): Pressure contour for air-water flow in annular pipe of heat exchanger.
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Figure (5-125): Temperature contour for air-water flow in annular pipe of heat exchanger.
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Figure (5-126): Temperature contour of hot fluid flow in inner pipe because air-water flow in

annular pipe of heat exchanger.

187




Lhapter Five Results and discussion

ANSYS
2001
Velocity contour — cold fluid \
Cold fluid — pure water — V'gg = 14 Limin - V'3 = 0 L/min .I
ANSYS
M Rl
Velocity contour — cold fluid
‘&fgmg::}r ; Cold fluid — pure water — V'pg = 24 Limin - V'3 = 360 L/hr
. 4.750e-01
4 570e-01
| 4.390e-01
4. 210e-01 |
[ 4.030e-01 ANSYS
2020 1
i 3.850e-01
| 3,670e-01
| 3.490e-01
3.3 De-01 Velocity contour — cold fluid
I 3, 130e-01 Cold fluid — pore water — V'pg = 34 Limin - Vg = 420 L/hr
2.850e-01
[m 8%1]
]
Velocity contour — cold fluid '-I
Cold fluid — purs water — V'pp = 24 Limin - V"3 = 480 L/'hr

Figure (5-127): Velocity contour for air-water flow in annular pipe of heat exchanger.
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Table (5-18): The numerical values at different additive concentration.

MgO CMC Ph, max PC, max TC, in TC, out Th, in Th, out VC, min VC, max Vh, min Vh, max
% vol. | % wt. (pa) (pa) (K) (K) (X) (K) (m/s) (m/s) (m/s) | (m/s)
0.5 0.125 | 1079.84 | 454.322 | 298 301.67 | 323 | 311.94 | 0295 | 0355 0299 | 0.542
0.5 0.25 | 1082.28 | 454322 | 298 301.69 | 323 | 311.88 | 0295 | 0.355 0299 | 0.542
0.5 0.5 | 1089.56 | 454.322 | 298 3017 | 323 | 311.86 | 0.295 | 0.355 0299 | 0.542
0.5 1 1099.02 | 454322 | 298 30171 | 323 | 311.81 | 0295 | 0.355 0299 | 0542
Table (5-19): The numerical values at various hot fluid flow rates.
Vh Ph, max PC, max TC, in TC, out Th, in Th, out VC, min VC, max Vh, min Vh, max
L/min (pa) (pa) ) X ) X (m/s) (m/s) (m/s) (m/s)
8 1099.02 | 454.322 298 301.71 323 311.81 0.295 0.355 0.299 0.542
10 1480.81 454.322 298 302.2 323 313.17 0.295 0.355 0.39 0.666
12 1997.51 454.322 298 302.49 323 313.96 0.295 0.355 0.471 0.79
14 259743 | 454.322 298 302.8 323 314.73 0.295 0.355 0.917 0.554
Table (5-20): The numerical values at depend on the flow direction
FlOW Ph, max PC, max TC, in TC, out Th, in Th, out VC, min VC, max Vh, min Vh, max
direction (pa) (pa) X (X) X X (m/s) | (m/s) | (m/s) | (m/s)
Parallel flow | 1099.02 | 454.322 | 298 | 301.71 | 323 | 311.81 | 0.295 | 0.355 | 0.305 | 0.535
gggvnter 1099.02 | 454.322 | 298 | 301.94 | 323 | 311.52 | 0.295 | 0.355 | 0.306 | 0.535
Table (5-21): The numerical values that result from effect of two-phase flow.
Ve V; 1P, e Tc,in Te, out Thyin ) out Ve min | Ve, max Vo?lgne
L/min | L/hr (pa) (K) (K) (K) (K) (m/s) (m/s) fraction
24 0 454.322 | 298 301.71 323 311.81 | 0.295 | 0.355 0
24 360 | 529.512 | 298 301.64 | 323 312.01 0.37 0.443 0.2
24 420 | 541.625 | 298 301.63 323 312.04 | 0.382 | 0.458 0.225
24 480 553.65 298 301.62 323 312.06 | 0.395 | 0.475 0.25
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5.5 Code Validation

In order to present the validity CFD model of present work, it must be
compared with a previous work. Firstly with V.Nageswara Rao and B.Ravi Sankar
[62], and secondly with Hadi H. Sh [99], which investigates the analysis heat of
exchange of U-bend double pipe heat exchanger and being accomplished by
employing the computational fluid dynamics (CFD) analysis software (ANSYS,
FLUENT package). It has to take a constant cold fluid mass flow rates in annulus
side (0.134 kg/sec) and mass flow rate of hot fluid (pure water) varies from (0.134
to 0.267kg/sec) with nanofluid 0 % concentration by volume. The flow boundary
condition is shown in table (5-22). The average percentage error for all the cases was
about (7% to 8%) with first researcher and about (2% to 3%) with second researcher
as shown in figure (5-129).

Table (5- 22): Boundary condition.

No. Boundary type Annulus Pipe Inside Pipe
1 Mass flow rate at Inlets 0.134 kg/sec 0.134 to 0.267 kg/sec
2 Temperatures 333K 300K
3 | heat flux at pipe wall (Insulation) 0Wm?> |

5.6 Comparison between the Experimental Work and Its Numerical Work

Figure (5-130) illustrates a Comparison between the numerical and
experimental convection heat transfer coefficient of the better case with volume flow
rate. It shows that the experimental Nusselt number curve is less than the numerical
one. This could be related to the losses associated with the experimental part, which
are not taken into account numerically. However, the comparison gives a good
agreement between experimental and numerical result about 7%. It should take
constant cold pure water mass flow rates in annulus side (0.3979 kg/sec) and mass
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flow rate of hot fluid (Water+1% MgO vol.+0.5% CMC wt.) varies from (0.1326 to
0.2321kg/sec). The flow boundary condition is shown in table (5-23).

Table (5- 23): Boundary condition.

No. Boundary type Annulus Pipe Inside Pipe
0.1326 to 0.2321
1 Mass flow rate at Inlets 0.134 kg/sec
kg/sec
2 Temperatures 298 K 323K
3 | heat flux at pipe wall (Insulation) 0Wm?> |
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Figure (5-129): Code validation of present work with another researcher.
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Figure (5-130): Comparison between experimental and numerical Nusselt number.
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CHPTER SIX

CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK

6.1 Conclusions

In this work the U-bend double pipe heat exchanger rig is built relying on the
calculating of the convective coefficient of heat transfer and pressure drop for
different hot fluid types. A steady state CFD simulation implemented by using the
commercial code ANSYS Fluent 2020 R1. The following main conclusions can be

drawn:

1. The acceptable CMC concentration range (0.2% - 0.5%) by weight, and 0.5%
present best concentration.

2. The best MgO particles concentration is 1% by volume which is pointed in
the experimental work.

3. The type of additives (CMC and MgO) to pure water has a huge impact on the
improvement of water-MgO-CMC fluid thermal conductivity and leads to the
enhancement of heat exchange rate.

e The thermal conductivity improves with adding CMC of concentrations
0.5% by weight about (2%).

e The thermal conductivity improves at added MgO particles
concentrations 1% by volume about (4%).

e The thermal conductivity improves at the addition of concentrations
MgO 1% by volume and CMC concentrations 0.5% by weight about
(11%), and this presents a better case.

4. The increase in concentrations of additives (CMC and MgO) enhances

viscosity of new fluid, and this leads to an increase in pressure drop and
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friction coefficient. The MgO nanofluid and the CMC particles may not lead
to high attendance drop in pressure but a very little raise in pressure drop
compared to pure water and for this case an additional pumping power is no
required.
e The raising of pressure drops for the water- 0.5% CMC wt. about
(25%).
e The raising of pressure drops for the water- 1% MgO vol. about (54%).
e The raising of pressure drops for the water- 1% MgO vol. - 0.5% CMC
wt. about (41%).

5. The nanofluid (water-MgO) suffers from conglomeration and deposition in a
nanofluid tank. So, to prevent this problem CMC as surfactant for MgO
particles in nanofluid is used.

6. The MgO particles has high stability in the water-CMC fluid which gives a
better heat exchange rate, and therefore it shows shows more enhancement of
heat transfer compared to the other fluids.

7. The experimental results mention that the convective coefficient of heat
transfer (h) is increased by raising the mass of the additives concentrations
and the hot fluid volume flow rate. The heat transfer coefficient increases from
(2532.4) at 8 L/min to (2771.71) 14 L/min for pure water for parallel flow
under single phase flow effect.

e The heat transfer coefficient enhances from (2879.15) at 8 L/min to
(3142.32) 14 L/min after the addition of 0.5% CMC wt., the percentage
of enhancement about (15%)

e The heat transfer coefficient enhances from (3401.25) at 8 L/min to
(3753.16) 14 L/min after the addition of 1% MgO vol., the percentage

of enhancement about (28%).
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e The heat transfer coefficient enhances from (5062.57) at 8 L/min to
(5545.24) 14 L/min after adding a 1% vol. of MgO and 0.5% CMC wt.,
the percentage of enhancement about (51%)

8. The case of counter direction investigates the overall coefficient is higher than
the case of parallel direction for various hot fluid under single phase flow
effect.

e The pure water heat transfer coefficient ameliorates is about (4.2%).

e The water-CMC fluid heat transfer coefficient ameliorates is about
(3%).

e The water-MgO fluid heat transfer coefficient ameliorates is about
(2%).

e The water-MgO-CMC fluid heat transfer coefficient ameliorates is
about (2%).

9. The experimental results recommend that the convection heat transfer
coefficient (h) is increased under two phases flow effect at air flow rate range
(360 L/hr, 420 L/hr and 480 L/hr) and various flow conditions for different
hot fluid types.

e The pure water heat transfer coefficient (h) increases about (7%) for
parallel flow and (3%) for counter flow.

e The water-CMC fluid heat transfer coefficient (h) increases about (7%)
for parallel flow and (6%) for counter flow.

e The water-MgO fluid heat transfer coefficient (h) increases about (6%)
for parallel flow and (6%) for counter flow.

e The water-MgO-CMC fluid heat transfer coefficient (h) increases about
(5%) for parallel flow and (5%) for counter flow.
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10.The experimental results recommend that the effectiveness of heat exchanger
(¢) was increased under effect of single and two phases flow at various flow
condition. The effectiveness of better case presents according to the
following:

e The better case increases the effectiveness of parallel flow about (8%),
and for counter flow about (9%) under single phase flow effect.

e The better case increases the effectiveness of parallel flow about (5%),
and for counter flow about (6%) under two phases flow effect.

11.The experimental results recommend that the inner pipe overall heat transfer
coefficient (Ui) is increased under two phases flow effect and various flow
conditions for better case.

e The better case increases the overall heat transfer coefficient of
parallel flow about (52%), and for counter flow about (52%) under
single phase flow effect.

e The better case increases the overall heat transfer coefficient of
parallel flow about (51%), and for counter flow about (51%) under
two phases flow effect.

12.The numerical results show the variation of pressure, temperature and velocity
under various flow conditions.

13.The simulated model has given results similar to the experimental results with
a maximum deviation of 7 %.

6.2 Suggestions for Future Work

Several suggestions could be considered for future works as follows:
1. Clarify the thermal performance of U-bend heat exchanger with hybrid
nanofluids and surfactant, and presenting their effect on pumping power.

2. Developing heat transfer correlations.
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3. Studying the different pipe shapes (elliptical, eggs shape, square, various pin
fins on pipe surface).

4. Entropy generation can be studied experimentally.

5. Using pure metallic nanoparticles with its suitable surfactant because it has
high thermal conductivity, which is about 50 times larger than that of oxides
nanoparticles.

6. Using the water-CMC fluid in the shell side of heat exchanger.
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Appendix A Thermo-Physical Properties

Appendix A

Thermo-Physical Properties of Water and Air

Thermo-physical properties of water presented in table (A-1) for various

temperature.
Table (A-1): Thermo-physical water properties [98].

Th 1

Lty Density Viscosity Specific heat erma

conductivity
3 3 ;
ST (Kg/m’) | (kg/m.s)x 10 (j/’kg.K) (W/m.K)
(°O)
25 997.1 0.8095 4183 0.5948
50 988 0.5042 4181 0.6305

Thermo-physical properties of air presented in table (A-2) at temperature 25°C.

Table (A-2): Physical properties of air at 25°C [98].

Viscosity
Density Specific heat Thermal
(kg/m.s) . .
(Kg/m?) (i/kg.K) conductivity (W/m.K)
x 10
1.184 1.849 1007 0.02551
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Appendix B

Calibrations

Pressure Regulators Calibration

All measuring instruments must be calibrated for determining their accuracy.
The accuracy quantifies an instrument’s ability to measure a known value or
standard. Standards define units of measurement and are essential in building
measuring scales. The calibration operation for this device is done in Central

Organization for Standardization and Quality Control.

B-1
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Calibration Certificate

Central Organization for Standardization and Quality Control (€0SQC)
Metrology Department/Mass & Pressure Section/Pressure Lab.
P.0. Box13032 Al jadria street, Baghdad , Tel:7765180 E-Mail : cosqei@cosqe.gov.iq
Certificate No: PRE/117 /2019
Date of issue: 3,3 /2u19

Customer i
Name: L) bl jal) gl._dS/ Jib Axala
Address: diladl
Item under calibration |
Description: Pressure gauge
Manufacturer: PAKKENS
Model: Bourdon Tube
Serial number: 270918-210882°0110
Other identification: Range 10 bar d =02 bar ACC=25
Date of reception: 1972 /2019 Oredr No.=31
Condition of reception: As found
Standard(s) used in the calibration
Description: Digital Pressure Gauge
Manufacturer: GE Druck
Model: DPLO4
Serial number: 5239240
Other identification: Range ~ 200  bar d = 0.01 bar
Calibration information
Date of calibration: 25/2/2019
Place of calibration: Pressure Lab

Method(s) of calibration: Calibration method are based on (PROC-TC-012)

Calibrated quantity: Pressure

Results of calibration: Attached a complete resultin Annex 1 of this certificate
[he reported expanded uncertainty is DKD-6-1:2014 and the standard Uncertainty multiplied

o cme ertainty: A ; - - 2
Measurement uncertainty: by coverage factor k=2 to give confidence level of 95% .

Metrological traceability: The traceability of measurement to the SI units issued by the National Standard maintained at
centeral organization for standardization and quality control through calibration certificat
issued from (GE Druck) NO.= 0072985

Environmental conditions of | Temp. (22.1°C) R. H.(41.4%)

calibration:
Observations, opinions or
Recommendations:

The results are within the tolerance according to DKD-6-1:2014

Rel PROC-TC-012

Approved by:

H d of Mass & Pressurg Section

page 1 of Z 3! 3,’3/20 ¢

This certificate is issued in accordance with the laboratory accrediation requirements. It provides t}aclbiiity of meagfirement to recognized national
standards,and to the units of measurement realized at the COSQC or other recognized na{i_cna\ standards Iahma_t.{sﬁes‘Thzs certificate may not be
reproduced other than in full by photographic process.This certificate refers only to the pa'hi_c‘sular item submitted for calibration
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Calibration Certificate

Central Organization for Standardization and Quality Control (COSQC)
Metrology Department/Mass & Pressure Section/Pressure Lab,
P.0.Box13032 Al jadria street, Baghdad ,Tel:7765180 E-Mail : cosqe@cosqc.gov.iq

Certificate No: PRE/117 /2019
Date of issue: 3/3 /2019

Annex 1/ Results

APP. Pressure Reading Mean Reading | Deviation (M-A) Error
Upward Downward bar b % of F.8

bar bar bar
0.0 0.00 0.00 0.000 0.000 0.000
2.0 2.00 2.00 2.000 0.000 0.000
4.0 4.00 4.00 4.000 0.000 0.000
6.0 6.00 6.00 6.000 0.000 0.000
8.0 8.00 8.00 8.000 0.000 0.000
9.0 9.00 9.00 9.000 0.000 0.000
Max. Expanded Uncertainty = [ + 0.116 bar

Calibrated Wy: Revjsid by :
Mustéfa Faisal Ahzed Salman khiulbbd Pdlaiid"élhul\ri
Héad of Maas & Presstire Section

o 2

page 2of 2
This certificate is issued in accordance with the laboratory accrediation requirements.It provides tracibility of measurement to recognized
national standards,and to the units of measurement realized at the COSQC or other recognized national standards laboratories. This
certificate may not be reproduced other than in full by photographic process.This certificate refers only to the particular item submitted
for calibration
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Appendix C

Calibrations Tables & Curves

Table (C-1) for channel No.1 and table (C-2) for channel No.7. Figures (C-1)

and (C-2) represent the calibration curve of channels No.1 and No.7 respectively.

Table (C-1): The temperature values of two devices for channel No.1.

No. Reads of Data logger Reads of Thermometer Device
°O °C)
1 26.2 27
2 37.5 38.5
3 45.7 46.9
4 58.9 59
5 64.6 65.5

Table (C-2): The temperature values of two devices for channel No.7.

No. Reads of Data logger Reads of Thermometer Device
(°0) (°C)
1 23.7 24.5
2 334 35
3 42.5 43.5
4 54.9 55
5 61.6 62.5
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Figure (C-1): Calibration curve for channel No.1.
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Figure (C-2): Calibration curve for channel No.7.
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The calibration data for pressure taking from transducer and manometer at
the same condition represents in table (C-3). Figure (C-3) presents the recorded

values of the two devices.

Table (C-3): Pressure values of two devices

Manometer Reading (Kpa) | Pressure Sensor (Kpa)
1 0.97
1.5 1.55
2 1.932
2.5 2.587
3 291
3.5 3.608
4 3.84
_I ] I ] L] ) ] I L] L] ) 1 I ] L] T 1 I ] I_
4 -_ Y =-0.1656 + 1.1748 X - 0.0393 X2 _-
L ® 4
E L -
St i
w3 -
E L J
=
g | _
N .
£2 | |
=}
= } .
1+ -
-I 1 I 1 1 L 1 I 1 1 L 1 I 1 1 L 1 I 1 l-
1 2 3 4
Pressure Sensor Reading (Kpa)

Figure (C-3): Calibration curve of pressure sensor.
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The calibration data for water flow meter at the same condition represents in

table (C-3). Figure (C-3) presents the recorded values of the two devices.

Table (C-4): Different values of the water discharge.

\, [Measured Discharge of water [Measured Discharge of water by
(L/min) Flow Meter (L/min)

1 6.2 6

2 8.15 8

3 10.3 10
4 11.8 12
5 14.18 14
6 16.07 16
7 17.88 18
8 204 20

Y =-0.8845 + 1.1309 X - 0.005 X2

—_ -t N
|§] o)} o

(0]

Measured Discharge of Water by Stop Watch (L/min)
1 T 1 ) l ) L ) 1 I 1 ] 1 ) I ) T L] T ' T 1
1 1 1 L I L L L 1 I 1 L 1 L I L 1 1 1 ' 1 1

4 1 I 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 | I 1

8 12 16 20
Measured Discharge of Water by Flow Meter (L/min)

B

Figure (C-4): Flow meter accuracy reading.
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The calibration data for air flow meter at the same condition represents in

table (C-3). Figure (C-3) presents the recorded values of the two devices

Table (C-5): Different values of the air discharge.

Measured Discharge Measured Discharge of
0. of Air by orifice (L/hr) Air by Flow Meter (L/hr)
381.6 360
451.2 480
564 600
763.2 720
789.6 840
1017.6 960
1100 _l LI | I LILILIL l LI I LI I LI l LI LI I LI I LILILI l-
[ Y =-178.855 + 1.6605 X - 0.0005 X2 .
1000 = -
S 900 - -
2 - ° ]
S 8oo | 3
= C 3
= u N
T 700 |- » =
z :
2 C .
2 600 | 3
= C a
= - :
400 | -
- @ .
300 -I Ll I LA 1 1 I L1 1 I L1 bl I L 11 I LA 1 1 I L1 1.1 I L1 1 I-
300 400 500 600 700 800 900 1000 1100
Measured Discharge of Air by Flow Meter (L/hr)

Figure (C-5): The calibration curve for air flow meter, which is used for different air

flow rate.
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Appendix D

Thermo-physical properties of (MgO-CMC/Water) Nanofluid

Thermo-physical properties of MgO nanoparticles presented in table (D-1).

Tables (D-1): Properties for MgO nanoparticle [59,94].

p Co k n
Material
(kg/m?) J/kg °C) (W/m.°C) (kg/m.s) x103
MgO 3580 955 48.4 0

The mass of MgO nanoparticles presented in table (D-2) that need to distilled in pure

water.

Table (D-2): Mass of each concentration add to thirty liters of distilled water.

% 0.125% | 0.25% 0.5% 1%

Mass
136.05 | 272.44 546.25 | 1098.02

(gram)

Thermo-physical properties of the water-MgO fluid presented in tables from (D-3)
to (D-6) at temperature 50°C.

Table (D-3): Experimental and empirical results of density at 50 °c.

Material Water-MgO fluid

Nanoparticle’s
0.125% | 0.25% 0.5% 1%

concentration (vol %)

Experimental results of
995.74 | 998.98 | 1005.46 | 1018.42

density p (kg/m3)

Empirical results of
991.24 | 994.48 | 1000.96 | 1013.92

density p (kg/m?)

D-1
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Table (D-4): Experimental and empirical results of specific heat at 50 °c.

Material Water-MgO fluid

Nanoparticle’s

0.125% 0.25% 0.5% 1%
concentration (vol %)

Experimental results of

4166.446 4151.977 | 4123.32 | 4067.105
Specific heat Cp (kJ/kg.K)

Empirical results of

4166.436 4151.967 | 4123.31 | 4067.095
Specific heat Cp (kJ/kg.K)

Table (D-5): Experimental and empirical results of dynamic viscosity at 50 °c.

Material Water-MgO fluid

Nanoparticle’s

0.125% 0.25% 0.5% 1%
concentration (vol %)

Experimental results

of dynamic viscosity 0.000587 0.000588 0.000589 0.000592
i (N.s/m2)

Empirical results of

dynamic viscosity i | 0.000547684 | 0.000548368 | 0.000549735 | 0.00055247
(N.s/m2)

Table (D-6): Experimental and empirical results of thermal conductivity at 50 °c.

Material Water-MgO fluid

Nanoparticle’s concentration

0.125% | 0.25% | 0.5% 1%
(vol %)

Experimental results of Thermal

0.6528 0.6551 | 0.6598 | 0.6692
conductivity W/m.k

Empirical results of Thermal

0.6463 0.6486 | 0.6533 | 0.6627
conductivity W/m.k

D-2
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Thermo-physical properties of CMC particles presented in table (D-7).

Table (D-7): Properties for carboxymethyl cellulose (CMC) [96].

) P Cp k n
Material
(kg/m?) J/kg °C) (W/m.°C) (kg/m.s) x 1073
CMC 1020 4.4 0.7 0.25

The mass of CMC nanoparticles presented in table (D-8) that need to distilled in

pure water.

Table (D-8): Mass of each concentration add to thirty litter of distilled water.

0% 0.2 % 0.5%
Mass
60 150
(gram)

The experimental thermo-physical properties of the water-CMC fluid presented in
tables from (D-9) to (D-12) at temperature 50°C.

Table (D-9): Experimental results of density at 50 °c.

Material Water-CMC fluid
CMC powder concentration
0.2% 0.5%
(wet %)
p (kg/m?) 988.37 991.5

Table (D-10): Experimental results of specific heat at 50 °c.

Material Water-CMC fluid
CMC powder concentration
0.2% 0.5%
(wet %)
Cp (kj/kg.k) 4181.878 4196.398

D-3
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Table (D-11): Experimental results of dynamic viscosity at 50 °c.

Material Water-CMC fluid
CMC powder concentration
0.2% 0.5%
(wet %)
1 (N.s/m?) 0.00103 0.001328

Table (D-12): Experimental and empirical results of thermal conductivity at 50 °c.

Material Water-CMC fluid
CMC powder concentration
0.2% 0.5%
(wet %)
k (W/m.K) 0.645 0.651

D-4
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The experimental and empirical thermo-physical properties of the water-MgO-CMC
fluid presented in tables from (D-13) to (D-16) at temperature 50°C.

Table (D-13): Experimental and empirical results of density at 50 °c.

Material Water-MgO-CMC fluid

CMC powder
0.2%

concentration (wet %)

Nanoparticle’s

concentration (vol %)

0.125%

0.25%

0.5%

1%

Experimental results of

density p (kg/m?3)

996.059

999.3

1005.778

1018.736

Empirical results of

density p (kg/m3)

991.609

994 .85

1001.328

1014.286

CMC powder

concentration (wet %)

0.5%

Nanoparticle’s

concentration (vol %)

0.125%

0.25%

0.5%

1%

Experimental results of

density p (kg/m3)

999.185

1002.42

1008.89

1021.835

Empirical results of

density p (kg/m?)

994.735

997.971

1004.442

1017.385

D-5
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Table (D-14): Experimental and empirical results of specific heat at 50 °c.

Material

Water-MgO-CMC fluid

CMC powder concentration

(wet %)

0.2%

Nanoparticle’s concentration

(vol %)

0.125%

0.25%

0.5%

1%

Experimental results of

Specific heat Cp (kJ/kg.K)

4167.325

4152.858

4124.204

4067.993

Empirical results of Specific

heat Cp (kJ/kg.K)

4167.315

4152.848

4124.1935

4067.983

CMC powder concentration

(wet %)

0.5%

Nanoparticle’s concentration

(vol %)

0.125%

0.25%

0.5%

1%

Experimental results of

Specific heat Cp (kJ/kg.K)

4181.82

4167.338

4138.643

4082.348

Empirical results of Specific

heat Cp (kJ/kg.K)

4181.816

4167.328

4138.633

4082.338

D-6
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Table (D-15): Experimental and empirical results of dynamic viscosity at 50 °c.

Material

Water-MgO-CMC fluid

CMC powder concentration

(wet %)

0.2%

Nanoparticle’s concentration

(vol %)

0.125%

0.25%

0.5%

1%

Experimental results of

dynamic viscosity p (N.s/m2)

0.001056

0.001063

0.001074

0.001082

Empirical results of dynamic

viscosity p (N.s/m2)

0.00103

0.001032

0.001034

0.00104

CMC powder concentration

(wet %)

0.5%

Nanoparticle’s concentration

(vol %)

0.125%

0.25%

0.5%

1%

Experimental results of

dynamic viscosity p (N.s/m2)

0.00137

0.001382

0.001389

0.001396

Empirical results of dynamic

viscosity p (N.s/m2)

0.00133

0.001332

0.001335

0.001342
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Table (D-16): Experimental and empirical results of thermal conductivity at 50 °c.

Material Water-MgO-CMC fluid

CMC powder concentration (wet

%)

0.2%

Nanoparticle’s concentration (vol

%)

0.125% | 0.25% | 0.5% 1%

Experimental results of Thermal
0.6538 | 0.6561 | 0.6608 | 0.6702
conductivity W/m.k

Empirical results of Thermal
0.6473 | 0.6496 | 0.6543 | 0.6637
conductivity W/m.k

CMC powder concentration (wet

%)

0.5%

Nanoparticle’s concentration
0.125% | 0.25% | 0.5% 1%
(vol %)

Experimental results of Thermal
0.7013 | 0.7037 | 0.7088 | 0.7189
conductivity W/m.k

Empirical results of Thermal
0.6948 | 0.6972 | 0.7023 | 0.7124
conductivity W/m.k
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Appendix E
Estimating Uncertainties

Uncertainty Equations

From Holman [98]

»  The Mean (x)

n
_ 21X

Xmean = Xaverage =

n

Where:

x;: 1s the values of each measurement.

n: is the total number of measurements of x.
»  The Standard Deviation (o)

The standard deviation of (x) denoted by (o), given by.

[ZhGe-27
o= |TTEE (E.1)

» The standard error or the error in the mean (o,,)

The standard deviation of the mean. It is also called the standard error is

denoted by (a,,) given by:
o
Om = \/_ﬁ .................................... (E2)

The true measured value of (x) given by.

X=X4 0, =Xt = (E.3)

=l

E-1
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»  The uncertainties

The error analysis in experimental measurements is important. So, the
measured data by the temperature sensors for 3 experiments of 7 thermocouples and
two pressure sensor is presented in Table (E-1).

After applying the above-mentioned equations to the measured data listed in
Table (B-1), the mean (average value, standard deviation and the standard error will

be obtained and tabulated also in Table (E-1).

Table (E-1) repeatability and Uncertainty Analysis of the experimental measured data

. Reading of parameter Percentage
variable Xm c Om X .
X1 Xy X3 uncertainty
T 50.4 50.2 49.9 50.17 | 0.25 | 0.14 ggg; +0.29%
25.21 o
T2 253 25.1 24.9 25.1 0.2 0.11 2493 +0.46%
T 24.8 25.2 25 25 0.2 0.11 25.11 +0.46%
T4 33.1 32.3 31.6 32.33 0.75 | 0.43 3321'796 +1.34%
50.17
Ts 50.3 50 49.8 50.03 025 | 0.14 +0.29%
49.88
Ts 38.1 39.6 38.7 38.8 0.75 | 0.43 39.23 +1.12%
38.36
235
T 23.5 23.5 23.5 23.5 0 0 235 0.00%
2480.45 o
P1 2489.64 | 2467.9 | 2446.2 | 2467.91 | 21.72 | 12.54 2455 373 +0.51%
P> 430.85 | 415.47 | 402.14 | 416.15 | 1436 | 8.29 3(2)47“81451 +1.99%

» Sample of The Uncertainty Calculation

There is no doubt that the maximum portion of errors in calculations referred
essentially to the errors in the measured quantities. Hence, to calculate the error in
the obtained results, Kline and McClintock method [Kline and McClintock, 1934]

1s used in this field.
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Let the result R be a function of an independent variables vy, v, ... v,

For small variations in the variables, this relation can be expressed in a linear

form as:
_OR OR OR
SR—E]SV1+W8V2+ ........ +W8Vn
2 LT (E.4)

Hence, the uncertainty interval (w) in the result can be given as

y
2 2

2 2
OR JOR JoR
Wp=||=—W, | | —W_| +o +| —w
ov, ! ov, 2 ov_ "
viviieen (ELS)
Equation (B.5) is greatly simplified upon dividing by R to non-dimensionalize
2 2 2
TR | _| R, 4| R 72 Forerereeen, + R Ty
R ov. R ov. R ov_ R
1 2 n R @ =4 )
The local Nusselt number equation can be written as follows
_ q.D
Nu = Tty Ax viieenen (E7)
— qb
Nu = Tt Ax ceviennenen (EL8)

The experimental error in the local Nusselt number calculation can be

expressed in the following manner:

= oo (E9)
q=VI ceevieeiiern. (EL10)
dq/dl =V ceveeeeeeieeen (BL1T)
dq/dV =1 ceveeeeerieeinn (BL12)

So,
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ONu _ VD
I  (Ts—T.) Ak

dNu VI

oD  ATAk
ONu VID
OAT (AT)? Ak
dNu VID
0A AT A%k

ONu 2 ONu 2 ONu
WNuz[(aV WV) +(81 W’) +(aD

1

wn) |

(aNu
om

or,

B =[5+ (5" + (5) + (

Where,

V: volt

I: current

D: inner pipe diameter

AT: Temperature difference
P: pressure

m: flow rate

2 2
ONu ONu
WD) + (aAT WAT) + ( aP

Estimating Uncertainties

eveereio (EL13)

ceeereeee (E.14)

ceeervev (E15)

ceveerrie (E.16)

2
Wp) +

Hence, the experimental errors that may happen due to the implementation of

the variables are given in Table (E-2) which are taken from the measuring devices

as follows in table (E-3).
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Table (E-2) Uncertainties of Measuring Devices.
UNCERTAINTY INTERVAL
INDEPENDENT
"TAKEN FROM THE MEASURING DEVICES"
VARIABLES (V)
(W) %
Temperature difference +0.004 °C
Voltage of the heater + 0.009 volt
Current of the heater +0.05425 Amp
diameter +0.0002 m
The pressure gauge + 0.002 pa
Flow meter +0.005 L/min

Table (E-3) Uncertainties of Nusselt number.

Hot fluid flow | Air flow rate
rate (L/min) (L) Nusselt number Percentage uncertainty

8 0 140.86 0.004%

10 0 146 0.0039%
12 0 148.9 0.0039%
14 0 154.27 0.0038%
8 480 148.81 0.0039%
10 480 153.3 0.0038%
12 480 157.44 0.0037%
14 480 162.08 0.0037%

E-5
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Appendix F
Data Analysis

Experimental Calculation

1.  Overall heat transfer coefficient

Data Analysis

The average heat transfer rate (Q,.) in a double pipe heat exchanger can be

calculated with.

1. Heat transferred by Hot to Cold
Water
Qn =1y X Cyp X (Thin — Thoout)

2. Heat Transferred by Cold to Hot Water
Qc =1 X Cy e X (Teour — Tein)

3. Average Heat Transfer

_ Qc+ Qh
Qave - T

4. Area of inner tube
A; = nD;L;

5. Area of annulus tube
Ay = nD,L,

6. Logarithmic mean temperature deference

For parallel flow arrangement

ATl - ATZ

LMTDpp =
PE ™ In [AT, /AT,]

Where: ATl =Thin —Tcin ATZ = Thout — Tcout

F-1

(F-1)

(F-2)

(F-3)

(F-4)

(F-5)

(F-6)
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7.

8.

Thil Parallel Flow
‘Th,o
ATy AT ATzI
7 Tc,o
| e
Tc,i =
| |
] X 2
For counter flow arrangement
_ ATy-AT,
LMTDcp = In [AT, /AT,]

Where: ATl = Th.in - Tc.out H ATZ = Th.out - Tc.in

Thi[
A
TC,O

Counter Flow

—Tho

= Tc,i

Overall heat transfer coefficient (annulus side)

U — Qave
©~ A,LMTD

Overall heat transfer coefficient (tube side)

F-2
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__ Qave _
L™ A,LMTD (F-9)

For double pipe heat exchangers without considering the fouling
factor term the below equation is used:

D
1 _[1]+ln(D_%)+[1] F-10
Ui A~ LhoAol " [2mkL]| " Lh4, (F-10)

Where U, , U; is the overall heat transfer coefficients for annulus side and tube

side,

k is the thermal conductivity of tube material and L is the length of the heat

exchanger.

The annulus heat transfer coefficient (h,) is calculated based on the

Gnielinski [21] and the expression is given below:

(%) (Re — 1000) Pr

Nug = (F-11)

£10°
1.07 + 12.7 (7) (Pr2/3—1)
f = (1.58In(Re) 3.82)72 2300 <Re <10°¢, 0.5 < Pr <2000 for single phase

f = ((0.0925 « Re™02534) ((13. 98 « Re™09501) — (0.0925 * Re-°-2534))) /

Re

4.864
1+ (293) )01972 for two-phase flow

The obtained Nusselt number value from Eq. (C-11) is used to calculate
the annulus heat transfer coefficient and the expression is given below:

h, =

N'U.OX kO

o (F-12)

Where Dy is the hydraulic diameter and k, is the thermal conductivity of

annulus fluid.
44
Dy = Pl (Do—D; )
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Where A is the flow area1.e., A = % ( D¢ — D )

The h, value from Eq. (F-12) is substituted in Eq. (F-10) for obtaining
the tube side heat transfer coefficient (h; or hyf ). That is the only unknown
value in the equation. The value of Nu, s can be determined as follows:

h,r X D;
Nuy, = L M (F-13)

ks

The Reynolds number is based on the flow rate at the inlet of the tube.

Re,y = P’Z‘;Di (F-14)

The Prandtl number is calculated based on the specific heat, thermal

conductivity, and viscosity of nanofluids at mean temperature of the fluid.

_ Cpnf/lnf

Prys = (F-15)

ks

The experimental friction factor is calculated based on the pressure
difference between the entrance and exit of the tube and the expression is given
below:

f =

AP

Lj v? Pnf
ﬁi X ( 2 )

(F-16)

Where: AP (pressure drop) = P; — P,

2. Effectiveness — NTU method
1. Number of transfer units:

NTU = 24 = NTU = ¢ (F-17)

Cmin (AT)LmTD X Cmin

2. Heat capacity of tube side fluid:
Ch == Thh X Cp.h (F'18)

3. Heat capacity of annulus side fluid:

F-4
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CC == ﬁlc X Cp_c (F'lg)
Where C,,,;,, 1s the smaller of C;, and C,

4. Effectiveness:

1— exp[-NTU (1 —2)]

= F-20
T 1—Zexp[-NTU (1 - 2)] (F-20)
Where:
Cmin
Z - m (F'Zl)

3. Pumping Power Calculation

The pumping power which is needed to drive the nanofluid in double pipe heat

exchanger is defined according [93] to as:
Pumping power = AP X Q (F-22)
Where AP is the pressure drop along the inner pipe and

V is the volumetric flow rate.
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Cn
Z = e
C.
Effec = —— >
1-2-8
S =exp[-NTU - (1 = 2)]

En = Ty - - Con ~|n[3‘;]
Tr.-)

-y

E. =T,~rh:<c,<<|n[T°:]

E = E, + E.
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Abztract. The beat exchanger iz a thermal device use for heat exchange between higher ffuid
termmperature to lower flind tenpersture. Growing need to mprove the heat exchangers
effectiveness and develop a broad range of myvestzations for enhancement heat fransfer rate
alengz wath munmmerm e the size and cost of the indusinal apparates accordingly. The purpose
of the present work to review the articles that related to major tvpes of double pipe heat
axchanger and factor effect on beat trancfer rate and presswe drop the double pipe heat
exchanger considers one of the apparatuses wihoch are uwsed m among induwstnes. Kesearchers
proposed several models of double pipe bheat exchanger heat exchangers Dieuble pipe heat
exchangers are used 1n mamy mdustial processes, cooling technologzy, refnperation device,
sustainable energy applications and another feld. Dhiferent classification of Double pipe bheat
exchangers mehadas parallel, coumter and cross flow. Fesearch operate were also conduected to
mprove the effectiveness of Dioubie pipe beat exchangers by using turbulators, msesrts, rips at
both ends, modifiing the geometry of channels, mathods of myecton fAwmds and, ete. Thas study
reported vanous research works of Double pipe beat exchangers research works m a techmouoe
to sabsfy the nght effecthvensss decidms parameter.

Keyword: Double Pipe, Heat Exchanger, Sustainable Energy, Enhancement of Heat Trancfar,
Refrigerstion & Cocling Technology.

1. Introduction

Heat exchangers would be classified according to sewveral designs. The first type is based on flow
direction {parallel fluids flow, counter fluids flow, and cross fluids flow) [1]. The second type is based
on the constuction of the heat exchangers (like tubadar or plate heat exchangers) [2]. Also. the thord
types depend based on the way of contact between the fluds (direct or indirect) [3]. Heat exchangers
have vanous types of apphcations [4] regulatne from transformabon [5], refmewval of the thermal
energy field in industrial. commercial and domestic processes [6]. Some universal application imcludes
cooling of sustainable epergy implementation condensation enforcement, products of sewveral
agmculiural, chemical and pharmaceutical scope, sensible heating. production of steam generation m
power plant waste heat recapture and fimid heating mode in mamufactunng [7-11]. Improve the
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