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ABSTRACT

Heating and chemical reactors benefit substantially from the serpentine tube arrangement in a
tubular structure. Small space and high heat transfer coefficients may be achieved using the
serpentine tube-in-tube design. ' An investigation of the effects of nanofluids, such as
Al203/water and CuO/water nanofluids, on heat transfer (HT) and efficiency of a serpentine
tube heat exchanger is the goal of this study. Modeling in Creo and CFD simulations are
carried out using ANSYS's FLUENT software, respectively. When nanofluids are used, shell
and serpentine heat exchangers become more effective and efficient. There is no additional
pressure loss over serpentine heat exchangers owing to the ultra-fine particles and tiny
volume fractions of nanofluid coolant. For low velocities, nanofluids have a greater impact,

but for high velocities, the flow rate will take precedence.

KEYWORD: —CFD, ANSYS CFX, shell and tube, nanofluids.
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CHAPTER-1
INTRODUCTION

1.1 Introduction

The exchange of heat energy is part of a broad range of mechanical processes. Heat inclusion,
expulsion, or movement has become a significant mechanical task throughout any
contemporary workplace, beginning with one process stream and continuing to the next. A
source of energy recovery and process liquid heating/cooling is provided by these techniques.
It is possible to save energy, save process time, boost temperature evaluations, and extend the
gear's service life by improving heating or cooling. The enhanced heat exchange (HE)
activity even has a subjective effect on a few operations. Elite warm frameworks for heat
exchange enhancement have been more popular in recent years. Some research has been done
to better understand heat exchange execution for practical purposes such as heat exchange
upgrading. As a result of the advent of high heat stream forms, there has been a surge in
demand for novel heat exchange technology advances. There are a few ways to increase the
efficiency of heat exchange. Expanded surfaces, vibration on heat exchange surfaces, and
channels of a smaller size are just a few of the methods that may be used. The working
liquid's heat conductivity may also be increased to increase heat exchange productivity.
When compared to the warm conductivity of solids, common heat exchange liquids including
water, ethylene glycol, and motor oil have relatively low warm conductivities. Solids with
high thermal conductivity may be used to boost the warm conductivity of a liquid by
dispersing small, dense particles into it. Several scientists have previously looked at the
feasibility of using such suspensions of powerful particles with requested diameters of 2

millimeters or micrometers.

e The particles settle quickly, framing a layer at first glance and diminishing the heat
exchange limit of the liquid.

e On the off chance that the course rate of the liquid is expanded, sedimentation is
decreased, yet the disintegration of the heat exchange gadgets, pipelines, and so on.,

increments quickly.



e Especially when the cooling channels are narrow, the massive particle size tends to
block upstream pathways.

e The weight drops in the liquid increments impressively.

e At long last, conductivity improvement given molecule focus is accomplished (i.e.,
the more prominent the molecule volume portion is, the more noteworthy the

upgrade—and more prominent the issues, as demonstrated previously).

Consequently, the course of suspending particles in the fluid was a notable however
dismissed alternative for heat exchange applications. Be that as it may, the rise of present-day
materials innovation gave the chance to create nanometer-sized particles which are very

unique from the parent material in mechanical, warm, electrical, and optical properties.
1.2 Nanofluids

Thermal properties of fluids assume a conclusive part in heating and additionally cooling
applications in modern procedures. An important physical characteristic, thermal
conductivity, determines how heat is exchanged between fluids. For ultra-high cooling
applications, traditional heat exchange liquids have an inalienably weak thermal conductivity.
For years, scientists have been looking for ways to increase the traditionally weak thermal
conductivity of these common heat exchange liquids by adding strong chemicals, following
the well-established successful medium theory (Maxwell, 1873) for stronger mix qualities.
Because of the disadvantages, like low thermal conductivity, molecule sedimentation,
consumption of segments of machines, molecule stopping up, extreme weight drop, and so
on, calibration of these strong suspensions to the millimeter and micrometer ranges for
improving heat exchange execution has failed. In the search for novel types of liquid
suspensions with improved thermal characteristics and in addition heat exchange execution,

molecule sizes were scaled down.
1.3 Applications of Nano Fluid

1.3.1 Industrial Cooling Applications

Routbort et al. [30] Using nanofluids for mechanical cooling was first proposed in 2008,

which might outcome in considerable energy & emissions reductions. To govern 1 trillion

2



Btu of US industrial energy, nanofluids might replace cooling & heating water with
nanofluids. More than 50,000-150,000 households might save 10-30 trillion Btu per year in
U.S. electric power sector if nanofluids are used in closed-circuit cooling cycles. More
specifically, emissions of carbon dioxide, nitrogen oxides, & sulfur dioxide would all be

reduced by an estimated 5.6 million metric tonnes.

Han et al. [31] The fluids' effective thermal conductivity and specific warmth have both been
improved by using phase transition materials like nanoparticles in nanofluids, simultaneously.
A one-advance, the nano-emulsification process has been used to combine an indium
nanoparticle suspension in poly alpha olefin (dissolving temperature, 157°C). A preliminary
estimate was made of the fluid's thermophysical parameters, as well as their temperature
dependence (temperature dependence). The fluid's effective specific heat was significantly
boosted by the indium nanoparticles’ observed dissolving and solidifying stages.

1.3.2 Smart Fluids

Clean energy resources, as well as the growing use of battery-powered gadgets like mobile
phones and laptop computers, have made smart technology management of energy resources
even more important. A new class of fluids known as nano-fluids can handle this energy

demand and serve as smart fluids.
1.3.3 Nuclear Reactors

Kim et al. [32, 33] It has been determined that nanofluids, studied by the MIT Department of
Nuclear Science and Engineering (NS&E), may help water-cooled atomic frameworks, which
can only expel so much heat. Possible uses include pressurized water reactor (PWR) coolant,
reserve security frameworks, quickening agent targets, plasma diverters, and so on [34]. [35]
Nuclear power plants with pressurized water reactors (PWRs) use a method called basic heat
flux (CHF) to limit the generation of steam. CHF occurs when vapor rises and covers the
surface of the fuel bars rather than fluid water. To avoid the formation of a vapor layer
surrounding the bar and thus significantly increasing the CHF, the fuel bars are coated with
nanoparticles such as alumina using nanofluids rather than water. PWR is much more

effective in tests at MIT's Nuclear Research Reactor, showing favorable results in the first



evaluations. Nanofluids might be utilized in extra cooling systems to rapidly cool down hot

surfaces, producing a change in plant safety.
1.3.4 Extraction of Geothermal Power & Other Energy Sources

According to an MIT analysis, the total global geothermal vitality assets are estimated to be
more than 13000ZJ (2007) . At present just 200ZJ would be extractable, be that as it may,
with innovative upgrades, more than 2,000ZJ could be extricated & supply the world's
vitality requirements for a few centuries. Nanofluids may be used to cool channels that are
exposed to temperatures between 500 °C and 1000 °C while isolating vitality from the world
outside. When drilled, nanofluids may be used to cool down equipment and gear that is
subjected to intense friction and high temperatures. "Superconducting fluid" nanofluids might
be used to separate vitality from the earth's center and produce a lot of work energy in a PWR

control plant framework.
1.3.5 Nanofluid Coolant

A vehicle's mileage may be improved by reducing the amount of energy it takes to overcome
twist obstacles. Around 65 percent of a truck's total power output is consumed by the
streamlined drag while travelling at high speeds. To some extent this is correct, however this
is owing to the big radiator that sits in front of the engine. Because nanofluids may be used as
coolants, radiators can be smaller and put in better locations. As a result of the improved
efficiency, coolant pumps may be reduced and truck motors can operate at higher
temperatures while still fulfilling strict emission regulations since there is less fluid.

1.4 Heat Exchanger (HE)

This device is used to transfer heat between at least two fluids or between strong surfaces and
fluids or between strong particles and fluids, at varied temperatures while in heated contact
with each other. Outer heat and work interactions are rare in heat exchangers. Fluid heating
and cooling, as well as the dissipation or accumulation of single or multicomponent fluid
streams, are common uses. You may be cleaning, purifying, fractionating or distilling a fluid,
or you may be attempting to recover or dissipate heat. The majority of heat exchangers use an

isolating divider or dividers to transfer heat between fluids. Fluids in many heat exchangers



are separated by a heat exchange surface, so they don't mix or break apart in an ideal world.
The term "instant exchange composition™ or "basically recuperator” refers to these types of

exchangers.
1.4.1 Shell and Tube Heat Exchangers

There are an array of round tubes inserted in tube shell with tube hub parallel to shell axis as
shown in figure 1.1.1. Fluids flow in and out of the tubes in opposite directions. Frontend and
backside heads and baffles are real components. Tubes (or tube bundles), shell, frontend and
backend heads. They will be explained in more depth in the future. It's possible to use a wide
range of internal developments in shell-and-tube exchangers, depending on your goals for
heat exchange and weight drop and the strategies you use to reduce warm concerns and
prevent spillages, make cleaning easier, keep working weights and temperatures in check,
regulate consumption, and more. Additionally, DIN and other European and international
standards are extensively utilised, along with ASME (American Society of Mechanical
Engineers) evaporator and weight vessel rules, as well as the TEMA norms (TEMA, 1999).

Using these classifications, shell-and-and-tube exchangers are categorised and designed.

Hot-fluid Cold-fluid
inlet inlet Shell

Plate baffle
Front-end head

Cold-fluid Hot-fluid
outlet outlet

Fig. 1.1: BEM with a single shell and a single tube passage

TEMA standards must handle each of these complicated components, which specify the
assembly resistances for different mechanical classes, the scope of tube diameters & pitches,

baffling & bolster plates, weight classification, tube sheet thickness recipes, etc.
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Fig. 1.2: BEU with a single shell passage and two tube passages

These heat exchangers employ round tubes from a variety of manufacturers. Straight and U-
tube tube packs are the most common in exchangers in the process and power industries.
Nonetheless, in cutting-edge atomic exchangers, sine-wave twist, J-shape, L-shape or hockey
sticks, and upset hockey sticks are used to accommodate the tubes' significant heat
development. Fig. 1.3 shows a section of the improved tube geometries seen in shell-and-tube
exchangers. It is possible to use additional tube forms like helical and knife in the HX shell.

AR

NP N

Serpentine

Fig. 1.3: Expansion of shell-and-tube exchanger tube configurations

Tubes with single dividers are utilised in many situations, however when dealing with
radioactive sensitive, or noxious fluids and consumable water, twofold divider tubing is
required. Tubes are exposed in many applications, however low-stature fins (low fins) are
employed on the shell side when gas or a low-warm trade coefficient liquid is used. Modified
low-fin tubing is also used in high-flux bubbling surfaces for the first time. Delivered in a
thick-walled tube, they are usually essential fins. In accordance with the intended use, tubes

are drawn, extruded or welded and provided in metals, plastics or ceramics.



CHAPTER-2
LITERATURE REVIEW

Rao et al. [1] The influence of factors like tube form and size, mass flow, intake temperature
and pressure, and operation type on heat transfer (HT) & pressure drop was explored in study
of heat exchangers utilising SCO2 as the working fluid. Additional information supplied
included an overview of previous studies that looked at empirical heat transfer correlations
prior to 2016.

Cabeza et al. [2]. A detailed examination of correlations and experimental studies done
before to 2017 was used to establish HT coefficient (HTC) of SCO2 running in tubes of
diverse geometries & diameters.

Ehsan et al. [3] A lack of unique universal association was discovered. Under turbulent flow
conditions, previous experimental research on SCO2 in horizontal & vertical tubes were
evaluated to determine HT properties & correlations of SCO2 in heating or cooling states.
Additional considerations included pressure drop, buoyancy impact, heat transmission

degradation, and wall temperature distribution in the discussion.

Baik et al. [4] For two different channel shapes, such as sharp corners and filleted corners, a
series of CFD simulations were run by ANSYS CFX 14.5 and a PCHE-a precooler in SCO2
Brayton cycle. Water flows via cold channel, whereas SCO2 flows through hot channel.
Pressure loss was 40% to 66% more in sharp corner channel than in surrounding corner

channel.

Ren et al. [5] Simulated using ANSYSS, the heat transport properties of SCO2 in the PCHE's
horizontal semi-circular straight channel are examined Forced and mixed convective cooling
abilities. In order to account for the thermal properties and buoyancy impact, a novel local

HT coefficient correlation was devised.

Jiang et al. [6] Both 1D designs and dynamic models were made in Asper custom module for
PCHEs in Brayton cycle. Because of this, it is possible to reduce the overall mass of the
PCHE in the design model. The PCHE's dynamic model can forecast its short-term



behaviour. The findings demonstrated that PCHE has a quicker dynamic reaction than a

standard shell-and-tube exchanger.

Marchionni et al. [7] The GT-SUITE programme was used to create 1D dynamic models of a
SCO2 PCHE recuperator in order to simulate off-design performance & transient thermal
events including startup, shutdown, and operating point shift. A 1D model may be used to
forecast SCO2 PCHE recuperator performance, indicating that the stat-up process should be

watched.

Ma et al. [8] The dynamic model of a SCO2 PCHE was established using 3D CFD
simulations in different operating situations. The PCHE's thermal and hydraulic performance

was then estimated using a neural network trained on a variety of operating factors.

Guo and Huai et. al. [9]Heat exchanger is separated into many subheats along the major flow
channel in the technique. One sub-heat exchanger has a constant thermo-physical parameter,
although they differ from one another. The 1D HT balancing equations are made among
primary & secondary fluxes. Simple numerical procedures are used to solve the equations
after all of the variables have been determined. Design and dynamic modelling of SCO2 heat
exchangers in response to changing operating conditions might benefit from the technique.

Now it's possible to use this technique on SCO2 PCHEs with flat channel wires as well!

Li et al. [10] The overall thermal performance of SCO2 PCHE was briefly discussed in terms
of a preliminary approach to taking input pressure and temperature into account. HTC U &
dimensionless pseudocritical point temperature Th/Tpc form the basis of this method. To be
sure, it is not a perfect starting place for creating new methods, but it is a decent first step
toward using this methodology in project of SCO2 heat exchangers in future despite its

limitations.

Eter et. al. [11] The heat transfer in CO2-cooled tubes with & without flow barriers was
studied at a supercritical pressure of 7.69-8.36 MPa, a mass flow rate of 200-1184 kg/m2 s,
and a heat flux of 1-175 kW/m2. The most efficient heat transfer barriers were flow

obstruction and a short pitch.



Nascimento and Garcia et. al. [12] Small square protrusions were added to walls of flat tubes
to facilitate HT in small heat exchanger. According to findings, heat transfer was increased

by a factor of 1.37 to 2.28 when using shallow square protrusions.

Manoram et al. [13] The use of dimpled tubes in the heat exchange system was simulated to
enhanced collector's HT rate and thermal efficiency. For 2.5 kg/min mass flow, a friction
factor increases of 11.1% was measured in the dimpled tube against a plain tube, by a pitch to

dimple diameter ratio ranging from three to six dimples in between two pitches.

Sahu and Prasad et. al. [14] Arc-shaped wire rough elements were used to investigate thermal
performance of air collectors used for heating. An arc-shaped wire roughened solar air heater

performed better at all Reynolds numbers.

Thangamuthu et al. [15] An external microprocessor pack with a multi-walled CNT &
graphene layer was subjected to heat transfer testing. Heat transfer efficiency increased by 16
and 20 percent and surface temperature decreased by 7 and 9 degrees Celsius as compared to
an equivalent external microprocessor pack without the coating. The multi-walled CNT
coating does not demonstrate as good a heat transfer behaviour as the Graphene Nano sheet
because it connects strongly between individual sheets.

Bonanno et al. [16] AI203 nanoparticle sol deposition was used to study heat transfer in
finned heat exchangers with a hydrophobic nano-coating. Uncoated heat exchangers' heat
transfer coefficients were as low as 116.46 W/m2 K, whereas coated heat exchangers'
coefficients were higher at 176.47 W/m2.

Meikandan et al. [17] To further understand the impact of CNT coating on HT coil surface
while exposed to air flow, an experiment was conducted. As the CNT coating is used, surface
area of tube is increased by 46% when compared to the bare tube area. According to the
research, the Nano coating had no effect on drag but did increase heat transfer rate by 24.2%.

The coated heat exchanger also had a better transient temperature response.

Kumar et al. [18] Heat exchanger fins were coated with MgZrO8 and Ni—Cr alloy

nanocoating materials. Compared to an exchanger coated with a Ni—Cr alloy, the MgZrO8-



coated one has a higher HT (Kt). An suitable nanomaterial for covering heat exchangers is
MgZrO8.

Ali et al. [19] A heat transfer enhancement method's effectiveness or gain may also be
applied to assess its efficiency. Enhancement efficiencies in smooth and enhanced tubes are

determined using this expression:

Nu /Nug
n= -
fifo

With regard to an enhanced approach, illustrates how much heat transfer improvements are
offset by an increase in friction factor. Improved methods are associated with higher values.
Dimples, protrusions, twisted tape inserts, and other rough components are shown to have an

effect on the friction factor ratio f /fO.

Jadhav et al. [20] Passive heat transmission technologies including dimples, protrusions,
twisted tape inserts, abrasive components, and nano-coatings do not need external energy.
Instead than relying on external power to keep the augmentation process going, passive

approaches don't need as much technical expertise.

Chai and Tassou et. al. [21] The roughness of the surface is raised as a consequence of the
use of dimples, protrusions, and other rough components to growth HT area & HTC. There is
reduced hydraulic loss when using dimple and protrusion techniques as compared to rough

element approaches at same degree of HT enhancement.

CFD simulations will be used to analyse and optimise the heat exchanger's primary
dimensions and geometrical form. In [22,23] and for shell-and-tube, microchannel, & plate-
fin HT & so on, CFD simulation-based optimization examples have been presented. Based on
a number of CFD simulations, a surrogate model [24] or response surface model [25] is
created. ANSYS Workbench has provided a suitable setting for this.

The preliminarily designed heat exchanger may be improved by reducing the objective
function, such as the rate of entropy formation, exchanger weight, effectiveness, operating
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cost or any combination of these. An optimization approach, 1D heat transport models, and

an optimization strategy are all presented in-depth in the scholarly work. [26,27,28,29,30,31]

Mishra et. al. [32] One example is a micro-channel or plate heat exchanger, although there
are other instances of a shell and tube HT. A number of empirical and correlational
correlations need to be revised since the fluids in these studies are based on continuous

thermo-physical and transport properties
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CHAPTER-3
COMPUTATIONAL FLUID DYNAMICS

3.1 Concept of Computational Fluid Dynamics:

These computations are used to model the interaction of liquids and gases with boundaries

specified by boundary conditions. A higher level of performance may be attained by using
powerful, high-speed supercomputers.

Fluid
Problem Comparis ondé:

Fluid Mechanics Analysis

Phvsics of Fluid Simulation Results

Mathematics Computer

MNawvier-Stokes Equations Computer Program

Numerical Programming
Methods Geometrv Language
Discretized Form > Grids

Fig. 3.1: Process of Computational Fluid Dynamics

The Navier-Stokes Equation, which serves as the governing equation of CFD, describes the
physical characteristics of fluids. Finite Difference and Finite Volume techniques are used to
discretize these equations in order to solve them on a computer. Programming languages like
C and Fortran are used to break down the domain into smaller subdomains. Using RMS
residual graphs, the computer iteratively solves the equations and minimises error. ANSYS,

Flotran, Flow therms, and Open Foam are just a few of the many CFD solvers now available
on the market.
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3.2 Importance of Computational Fluid Dynamics

Theoretical, experimental, and simulation-based approaches may all be used to better

understand fluid flow. Table 3.1 shows the benefits of CFD over experimental methods.

Table 3.1: The Simulation vs. Experiment Debate

Simulation (CFD) Experiment
Cost Cheap Expensive
Time Short Long
Scale Any Small/Middle
Information All Measured Point
Repeatable Yes Some
Safety Yes Some Dangerous

3.3 Application of Computational Fluid Dynamics

With numerous advantages CFD finds its application in industries such as heat ventilation,

aeronautics, air conditioning, hydraulics and power generation etc
3.3.1 Physics of Fluid

For incompressible fluid like water in which density is distinct as mass per unit volume.

__ Mkg

=V m3 (3.1)

The viscosity is an internal characteristic of a fluid that opposes flow.

n= [%] = [Poise] (3.2)

Table 3.2: Show densities & viscosities of air, water and honey.

Substance Air (18°C) Water (20°C) Honey (20°C)
Density (kg/m3) 1.275 1000 1446
Viscosity (P) 1.82e-4 1.002e-2 190
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1) Conservation Law

According to the Navier Stokes Equation, that is built on conservation of mass, momentum &
energy in computational fluid dynamics (CFD).

Mass change in any domain is given by

aM . .

ac . Min = Moy (3.3)
If m,, — Mgy =0
We have
dM
Fr 0
Which means
M= const

3.3.2 Navier-Stokes Equation (NSE)

Mass, momentum & energy conservation may be used to generate continuity, momentum and

energy equ.

1) Continuity Equation

Dp |, poU
P = 3.4
Dt T dx ( )
2) Momentum Equation
poU L U _ _ 9P _ 0t
Ar A Av  Ax P8 (3-5)

Where

14



au au 2 au
I. Local change with time
II: Momentum convection
III: Surface force
IV: Molecular-dependent momentum exchange (diffusion)
V: Mass force
3) Energy Equation
pcaT pcuar PoU | AadT ToU
- - - 3.
at * dx dx T dx2 dx ( 7)
I: Energy change with time (local)
II: Convective term
III: Pressure work
IV: Heat flux (diffusion)
V: Irreversible transfer of mechanical energy into heat
3.3.3 General Form of NSE
NSE can be rewritten in simplified form as
d
208+ 0/0x(pUd — 09/9x)=q 3.8)

3.4 Finite Volume Method

A logical set of circumstances, the Navier-Stokes conditions must exist. Despite the fact that

they may be comprehended and illuminated by humans, they must be reduced to a discretized

form if they are to be understood by a computer. Discretization is the term used to describe

this process. The normal discretization techniques are limited distinction, limited component

and limited volume strategies. Here we present limited volume technique.
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3.4.1 The Approach of Finite Volume Method

Navier stokes equation can be integrated over control volume & by application of Gauss

theorem we get

JZodv = [ @.ndS (3.9)

Integral form of NSE is

d(p@) D
[EE2av + [ (pUd —22).nds = [ qav (3.10)

By multiplyVariables are kept at the control volume's centre, therefore getting to the surface
variables involves interpolation. Two kinds of interpolation procedures exist: upwind
interpolation and central interpolation; each has its advantages and disadvantages.ing the
volume & value at control-volume centre, we may estimated volume integral. Fig 2.2 shows a
two-dimensional domain. P's control volume has a mass and momentum that we can estimate

using a formula.
m= pdV , mu = [ pudV (3.11)
Surface integral can be approximated, for example pressure force, we have
[PdS =Y P.S (3.12)

Variables are kept at the control volume's centre, therefore getting to the surface variables
involves interpolation. Two kinds of interpolation procedures exist: upwind interpolation and

central interpolation; each has its advantages and disadvantages.
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Fig. 3.2: 2D Structured Grid Domain

1) Upwind Interpolation

(3.13)

2) Central Interpolation

UE = UEA + Up(1-2) (3.14)
3.4.2 Conservation of Finite Volume Method

To deal with the discretized NSE using finite difference and finite element methods, we must
physically manage the preservation of mass, force, and vitality. Navier-Stokes conditions are
naturally satisfied in each control volume if the Navier-Stokes condition is met in all the
control volumes. As a result, if each control volume's preservation is met, the whole space
will be met. In computational fluid dynamics, finite volume is preferred because of this

reason.
3.5 Grids

Grids are offered in three distinct varieties i.e structured grids, unstructured grids and block

structured grid (fig 3.3). In this form of grids have identical no. of components surrounding it

17



which can be expressed and stored simply. Unstructured grids may be utilised for domains
with a lot of complexity. E.g., fig 3.4 is an airfoil. The construction of airfoil is quite
complicated, flows in the vicinity of object is complex and necessitates finer grid. Locations
away from airfoil where flow is comparably simple coarse grid can be used. It is very popular
in CFD.

<
AV,

KA
oYl ‘aﬁ;
b

AN
iy

ilﬂ

e

KA

Fig. 3.3: Structural Layout Fig. 3.4: Unstructured layouts
3.6 Boundary Condition

When solving equation systems, boundary conditions like no-slip, axisymmetric, inlet- and
outlet-boundary, and periodic are often used. Fig 3.5 gives an example of flow across pipe.
The boundary conditions are defined for left face as inlet, right face as outlet to keep all
properties constant, no slip on, wall is defined with zero velocity which is no-slip boundary

condition. At centre of pipe, we may use axisymmetric boundary condition.

}Sﬁp BC

Ry P S |:> Chatlet B

IrdetE . :> -

AxisymmetricB.C.

Fig. 3.5: Inlet and outlet boundary conditions
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CHAPTER-4
RESEARCH GAP AND OBJECTIVES

4.1 Research Gap

Previous researches were focused on design optimization of shell & tube h HEs which
included baffling arrangement and inclination angles using experimental and CFD simulation
techniques. Some researches were focused on application of nano fluids as coolant in shell
and tube HEs but presently application of nano fluids in shell and serpentine heat exchanger

requires investigation.
4.2 Objectives

Nanofluids, such as Al203/water and CuO/water nanofluids, are being used in this study to
examine their influence on the HT rate and efficiency of heat exchangers utilising serpentine

tubes in tube configuration & to compare findings with water as fluid.

1) CAD modelling of the shell and serpentine heat exchanger.

2) Performing CFD analysis using ANSYS CFX solver.

3) Analyzing heat exchanger using water as fluid.

4) A heat exchanger's efficiency may be determined by determining its heat transfer
coefficient (HTC).

5) Changing fluid to CuO/water and determining heat transfer coefficient, effectiveness
of heat exchanger.

6) Drawing comparison using graphs and tables.
4.3 Properties of Nano Fluid

Selection and assessment of nanofluid thermophysical characteristics are critical to nanofluid
applications. The thermophysical characteristics of nanofluids are calculated using the single-
phase approach. The nano fluid under consideration in this work is a water-based

combination that contains mostly CuO.
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Table 4.1: Properties of nano fluid (CuO/water)

MATERIAL | DENSITY SPECIFIC THERMAL DYNAMIC

(Kg/m?) HEAT(J/Kg.K) | CONDUCTIVITY | VISCOSITY
(W/m.K) Kg/m.s

PURE 981.3 4189 .643 .000598

WATER

CuO(1%)- 1061 4150.9 .662 .000612

water

CuO(2%)- 1140.7 4112.8 .682 000627

water

CuO(3%)- 1220.4 4074.8 702 .000642

water

CuO(4%)- 1300.2 4036.7 723 .000657

water

CuO(5%)- 1378 3998 744 .000672

water

Table 4.2: Properties of nano fluid (Al.O3 water)

MATERIAL | DENSITY | SPECIFIC THERMAL DYNAMIC

(Kg/m?) HEAT(J/Kg.K) | CONDUCTIVITY | VISCOSITY
(Wm.K) Kg/m.s

PURE 981.3 4189 643 000598

WATER

ALOs - water 1007.4 4154.7 661 000612

C=1%

AbLO;s - water 1033.6 4120.5 .68 000627

C=2%

ALOs - water 1059.8 4086.2 .699 000642

C=3%

ALOs - water 1086 4052 719 000657

C=4%

ALOs - water 1112.2 4017.8 739 000672

C=5%
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CHAPTER-5
METHODOLOGY

5.1 Flowchart

A flowchart depicting the steps required in analysing a shell and serpentine heat exchanger is
shown below.

CREO 3D model
ﬁ Assembly module
o Mesh module
Preprocessing in ANSYS software |:>
Requesting data output

Applying Boundary Conditions

Input file; job.inp

Solve / Compute According to Input

Simulation (ANSYS CFX) ::> Data

Result Visualization

Post-processing (ANSYS CFX) ::> g?%r?agﬁ
ala 1o

Simulation (ANSYS/Explicit)

Fig.5.1: Methodology Flowchart
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5.2 CAD Modeling

Creo 2 software is used to create a CAD model of the shell & serpentine HEs in accordance
with the dimensions shown in table 5.1. A CAD model is created by modelling and
assembling individual parts. There is a bidirectional associativity and parent/child link

between Creo and other parametric 3D modelling tools made by PTC.

Table 5.1: Dimensions of shell and serpentine heat exchanger

HEAT EXCHANGER LENGTH 1300mm
SHELL OUTER DIAMETER 200mm
SHELL THICKNESS 3.2mm
TUBE OUTER DIAMETER 30mm
TUBE THICKNESS 1.5mm
NUMBER OF SERPENTINE TUBE 1

STEP 1: Part model of shell is modeled using extrude, sketch tool as shown in fig 5.2 below
using front and top planes along with inlet and outlet of coolant.

B O B SHELL (Active) - Creo Parametric = B 2

File ~

Model | Analysis Annotate Render Tools View Flexible Modeling  Applications

5{; 8 User-Defined Feature D £ s Pt ] sk Revolve i Hole 2 Draft *

== 3 By Copy Geometry o W Point ¥ A 4sweep ¥ T Round ¥ Shel
Regenerate ane etc rude

(B shrinkwrap 24« Coordinate System &P sweptBlena < Chamfer ~ =l Rib ~
Operations ~ GetData ¥ Datum ¥ Shapes ~ Engineering ™ Editing Surfaces ¥ Mogel Intent
[CREE RE ot

N AENEN-IENEA A S

Model Tree a1 - B -
[0 SHELLPRT

17 RIGHT

7 TOP

7 FRONT
%4 PRT_CSYS_DEF
» & Extrude 1
i Sketch 1
&) Sweep 1
¥ Sketch 2
» &) Sweep 2
i Sketch 3
» & Sweep 3

=+ InsertHere

v

Zo| @ @ indicate two locations to define a box for the zoom area. [ ] [t Smart

Fig. 5.2: Sketch of computational domain
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STEP 2: Using sweep and sketch tool serpentine tube is modeled as shown in fig 5.3 below

using front and right plane of part modeler.

B O~~~ SURPENTINE_TUBE (Active) - Creo Parametric = B 3
File~ |  Model  Analysis Annotate Render Tools View Flexible Modeling  Applications *PS-Q
5;1 P User-Defined Feature £ onos Pt [[,j i Revolve i’ Hole: 2 Drat ~ +|Extens 2% Project @ O Fn l‘&}l
=) 7~ ' copy Geometry X Point ¥ $gsweep ~ P Round ¥ Shell T 7] [ Thicken 3] style
Regenerate Plane Sketch  Extrude Pattern Boundary Component 3
- ® v Shrinkwrap ¢ Coordinate System &7 sweptBlend Ty Chamfer ~ = Rib * - 5 t £ So Blend ) Freestyle  Interface 3
Operations ~ Get Data ~ Datum ~ Shapes ¥ Engineering ™ Editing ™ Surfaces ¥ Model Intent ~
e CIENENFIE A e YD
Model Tree a9 - B -
(7J SURPENTINE_TUBE.PRT
£F RIGHT
7 TOP
£7 FRONT
¢« PRT_CSYS_DEF
i Sketch 1
» &15weep 1
+ Insert Here
(5| & ™ ¥ Smart -

Fig. 5.3: Serpentine tube model

STEP 3: Tube coating is modeled applying sketch and sweep tool as exposed in fig 5.4

below using front plane of part modeler.

BE O --28F~-~ TUBE_COATING {Active) - Creo Parametric - B
ES -
File = Model Analysis Annotate Render Tools View Flexible Modeling Applications ol =] (2]
52 # User Defined Feature £ s G E[/_.‘ sfo Revolve “If” Hole 3P Draft v 7% Project 1 Fn @
o %~ B Copy Geometry % Point ¥ €7 sweep ) Round ¥ Shell T [ Thicken (] style
Regenerate Flane Sketch  Extrude Pattern Boundary Component
- wor Shrinkwrap %4« Coordinate System &7 SweptBlend T Chamfer ~ =/ Rib - - T Solicif Blend () Freestyle  Interface
Operations ~ GetData ¥ Datum ~ Shapes Engineering ¥ Surfaces ¥ Model Intent ~
e E Oaamo B % EE
Model Tree T~ B -
(0] TUBE_COATING.PRT
£7 RIGHT
L7 TOP
£7 FRONT
34« PRT_CSYS_DEF
¥ Sketch 1
» & Sweep 1
Shell 1
+ InsertHere
[§o| @ = shaded with edges model wil be displayed ) i Smart -

Fig. 5.4: Tube coating
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STEP 4: Shell and serpentine tubes are assembled using coincident and distance constraints
in front and top plane.

o, - v oo - A - Creo Parametric 2. =
I EEo o g 5 ASMO0O1 (Active) - Creo P tric 2.0 # %
’S o
Filev | | Model | Analysis Annotate Render Manikin Tools View Applications o®-0
jg s @ W8 X g7/ e B P @@ oy B E A
T B R 1] / Jepomt v T P Edtrude SA Toggle Status ]
Regenerate Assemble Drag Plane Sketen Pattern  Manage Section Appearance Dispiey Component Pubish  Famiy Bilof Reference
- ® v - Components 3¢« Coordinate System oo Revolve - Views ¥ v Galery ~ & EdtPostion  Style™ Interface Geometry Table = Materals Viewer
Operations *  GetData ~ Component * Datum * Cut & Surface * | Modifiers ~ Model Display * Model infent nvestigate ¥
=[xz
B Rm a&la @e, B % Er
Model Tree “]ﬁ i =
Mo+

ASMO001.ASM
(] SHELL PRT
[ SURPENTINE_TUBE PRT
[0 TUBE_COATING.PRT

’F‘ @| | * Sein Center wil not be displayed. LSl 1 I &) | Smart -

Fig. 5.5: Assembly modeling
5.3 CFD Simulation Using Ansys

STEP 1: A CAD model is imported into the workbench using an import tool, and other tools
are used to clean up the geometry.

0.00 250.00 5(1?.00 {rmm})
I

125.00 375.00

Fig. 5.6: Imported CAD model in ANSYS
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Creo CAD model is exported in iges format, allowing it to be used with a variety of
additional design and analysis tools. Hard edges, gaps, and other imperfections need to be

fixed using cleanup tools.

STEP 2: Brick components are used in the model's meshing, together with provided
parameters and mesh density. An inflation rate of 100 percent is used to adjust the mesh size
and inflation to normal. Slow, medium, and fine transitions and smoothing are selected, as is

a span angle of around 30 degrees.

Fig. 5.7: Imported CAD model in ANSYS

Fig. 5.8: Wireframe meshed model in ANSYS
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Modes

201623

Elements

622079

Mesh Metric

Mone

Fig. 5.9: Number of nodes and elements in mesh

STEP 3: For shell, tube, and tube coating, there are three distinct domains. It is set to fluid,
water, and nanofluid for further analysis. The reference pressure for the shell domain is 1

atm, & turbulence model is set to k-epsilon. One percent, two percent, three percent, four
percent, and five percent

B4 : nano fluid 1% - CFX-Pre

Fie Edit Session Insert Teols Help
HE %m0 5 0o xEMs OF @ I O S-pih, LA S%E
8 5 @-B-R SEARKE O m

View 1 v

Outine  Domain: fiuid
Details of fluid in Flow Analysis 1

BasicSettings  FluidModels  Initisiization  Solver Contral

Location and Type ~
Location [es <] 2]
Domain Type |Piuid Domain -
Coordinate Frame [coord 0

Fluid and Partide Definitions. ..

=]
Fiud 1

Fluid 1 =

Option [Material Library -]

Material [mano fuid > [=]
Morphology E]
Option | Continuous Fluid -

[ Minimum Volume Fraction

= o 0250 0500 (m) zi‘
] b3
|

Reference Pressure |1 [atm]

0125 0375
Buoyancy Model a
i) Physics validation has been disabled, This can be controlled from cither the "Tools » Gptions » CFX-Pre » Physics' editor or the ‘Case Gptions » General editor n the outline tree
Option |Non Buayant -
Domain Motion a
[oc [ wewy [ cese >

Fig. 5.10: Fluid domain

As illustrated in fig. 5.11 below, the tube domain is distinct as a fluid domain with water as
the material.
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Fig. 5.12: Tube coating domain
Fig 5.12 shows that tube coating is a solid domain using aluminium as the material.

STEP 4: The inlet and outlet definitions used to establish boundary conditions are presented
below. A mass flow rate of.04 kg/sec and a temperature of 365 K are used to define the

intake. The turbulence is set at a medium level, or 5% of the maximum.
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B4 : nano fluid 1% - CFX-Pre
File Edit Session Insert Tools Help
TS TaRT= - T —
HE FE% @ 9e 5 88 06 76 e nmofudi%- cFibre
Outline Boundary: hot fluidin
Details of hot fluid inin fluid in Flow Analysis 1

A o
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Fig. 5.13: Definition of the inlet for hot fluid

Figure 5.14 shows the flow rate of 0.05 kg/sec and the temperature of 300K, with the

turbulence severity set to medium at 5%.

B4: nano fluid 1% - CFX-Pre

Fie Edt Sesson Insert Tools Help

HE % @9 5 #86xEduwr OF &
Outine  Boundary: cold fluid in a
Details of cold fluid in in tube in Flow Analysis 1

Basic Settings ~ Boundary Details  Sources  Plot Options

Flow Regime 5]
Option Subsonic o

Mass And Mementum =
Option Mass Flow Rate o

Mass Flow Rate [0.05 kg s~-1]

Flow Direction =
Option Normal to Boundary Condition o
Turbulence =
Option Medum (intensity = 5%) o

Heat Transfer 5
Option Static Temperature o

StaticTemperature | 300 [K]

Fig. 5.14: Inlet definition for cold fluid

STEP 5: For tube and tube coating, two fluid-solid interfaces are designed, with a

conservative interface heat flux to enable heat transmission across two media. To transmit
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heat between two different media, a similar interface is constructed for tube coating and hot
fluid.

o 0.300 0.600 (m) PL_
[ — —
0.150 X

0.450

Fig. 5.15: Fluid solid interfaces

STEP 6: Both the RMS residual plots as well as the number of iterations have been set to le-
5 in the Solver control parameters. The number of iterations has been set to 100. The

timescale factor of 1 is used in this situation.

5 B4: nano fluid 1% - CFX-Pre -
(=] [m] x
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[ Interrupt Control

i) Physics validation has been disabled. This can be controlled from either the Tools > Options > CFX-Pre > Physics' editor or the 'Case Options > General editor in the outline tree
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Fig. 5.16: Solver settings
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STEP 7: For each of the input variables, the solver generates a set of RMS residual graphs.
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Fig. 5.17: RMS residual plots

5.4 Data Reduction

Efficacy of a HE is measured by comparing amount of heat that has been transported to the
maximum amount feasible. It's a measure of how well a heat exchanger does at transferring
heat from one fluid to another. Heat exchanger installation feasibility may be determined by
this metric.

Effectiveness = Qactual/Qmax possible

£= 111-:Cpc (Teo — Tcl) Cinin (Th.l —Tei)=Cc (Teo — Tcl) Cinin (Thl —Tei) (5 l)
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CHAPTER-6
RESULTS AND DISCUSSION

ANSYS CFX 14.0 version is used for the CFD study, and velocity and temperature charts for
several fluids are retrieved. The study includes six alternative combinations of base fluids and
nanofluids in each of the six situations. For each individual, the efficiency of the heat
exchanger is evaluated mathematically.

CASE 1: In this situation, the basic fluid is water. The properties are shown in table 6.1.

Table 6.1: Base fluid water for both hot & cold

FLUID TYPE MASS FLOW  RATE | SPECIFIC HEAT
(Kg/s) (J/Kg K)

COLD FLUID 05 4179.725

HOT FLUID 04 4197.178

K]

Fig. 6.1: Temperature contour using water as fluid

On the top right section of this temperature contour, we see a dark red hue signifying the
presence of heated fluid, which drops in temperature as we travel left. Fluid entering the tube
is represented in dark blue colour, while fluid exiting the tube is indicated in light blue colour

(tube domain).
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Fig. 6.2: Velocity contour using water as fluid

The velocity profile displayed above indicates a large magnitude at the entrance and a drop in
magnitude as we go towards the shell's exit, which is depicted in green. A little increase in

velocity occurs at U-tube bends because to centrifugal forces.

Table 6.2: Data on temperature output using water as a fluid

COLD FLUID IN 300K
COLD FLUID OUT 326.83K
HOT FLUID IN 365K
HOT FLUID OUT 334.9K

Effectiveness Calculation
Heat capacity of cold fluid, Cc = mc * Cpc =0.05*4179.725 = 208.98 W/K
Heat capacity of hot fluid, Ch = mh * Cph =0.04*4197.178 = 167.887 W/K
Ch<Cc, Cmin=Ch Effectiveness,
Effectiveness = Cc ( Teo-Tei)/ Ch ( Thi-Tei)
= 208.98*26.83/167.88*65=.513

CASE 2 : CuO/water nano fluid 1%
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Table 6.3: Base fluid water for cold and hot fluid is CuO/water nano fluid 1%

FLUID TYPE MASS FLOW RATE | SPECIFIC HEAT
(Kg/s) (J/Kg K)

COLD FLUID .05 4179.725

HOT FLUID .04 4154.7

Fig. 6.3: Temperature contour for CuO/water nano fluid 1%

Fig 6.3 shows the temperature contour above the heated fluid entering the shell, with the top
right region of the contour showing a dark red hue, and the temp of hot fluid decreasing as we
travel to the left. Fluid entering the tube is represented in dark blue colour, while fluid exiting

the tube is indicated in light blue colour (tube domain).

Fig. 6.4: Velocity contour for CuO/water nano fluid 1%
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The velocity profile displayed above indicates a large magnitude at the entrance and a drop in
magnitude as we go towards the shell's exit, which is depicted in green. A little increase in

velocity occurs at U-tube bends because to centrifugal forces.

Table 6.4: Temperature output data for 1% CuO/water nano fluid

COLD FLUID IN 300K
COLD FLUID OUT 327.51K
HOT FLUID IN 365K
HOT FLUID OUT 335.8K

Effectiveness Calculation
Heat capacity of cold fluid, Cc = mc * Cpc =0.05* 4179.7 = 208.98 W/K
Heat capacity of hot fluid, Ch = mh * Cph =0.04*4154.7 = 166.18W/K
Ch<Cc, Cmin=Ch Effectiveness,
Effectiveness = Cc ( Teo-Tei)/ Ch ( Thi-Tei)
= 208.98*27.5/166.18*65= .532
CASE 3 : CuO/water nano fluid 2%

Table 6.5: Base fluid water for cold and hot fluid is CuO/water nano fluid 2%

FLUID TYPE MASS FLOW  RATE | SPECIFIC HEAT
(Kg/s) (J/Kg K)

COLD FLUID .05 4179.725

HOT FLUID .04 4120.5
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Fig. 6.5: Temperature contour for CuO/water nano fluid 2%

As we go leftward from the shell, the temperature profile given in fig. 6.5 shows a reduction
in temperature of hot fluid as it enters shell. Fluid entering tube is represented in dark blue
colour, while fluid exiting the tube is indicated in light blue colour (tube domain).

Fig. 6.6: Velocity contour for CuO/water nano fluid 2%

The velocity profile displayed above indicates a large magnitude at the entrance and a drop in
magnitude as we go towards the shell's exit, which is depicted in green. A little increase in

velocity occurs at U-tube bends because to centrifugal forces.
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Table 6.6: CuO/water nano fluid with a 2% concentration of CuO

COLD FLUID IN 300K
COLD FLUID OUT 327.52K
HOT FLUID IN 365K
HOT FLUID OUT 335.8K

Effectiveness Calculation

Heat capacity of cold fluid, Cc = mc * Cpc =0.05* 4179.7 = 208.98 W/K

Heat capacity of hot fluid, Ch = mh * Cph =0.04*4120.5 = 164.82W/K

Ch<Cc, Cmin=Ch

Effectiveness,

Effectiveness = Cc ( Teo-Tei)/ Ch ( Thi-Tei)

=208.98*27.5/164.82*65= .536

CASE 4: CuO/water nano fluid 3%

Table 6.7: Base fluid water for cold and hot fluid is CuO/water nano fluid 3%

FLUID TYPE MASS FLOW RATE | SPECIFIC HEAT
(Kg/s) (J/Kg K)

COLD FLUID 05 4179.725

HOT FLUID 04 4086.2

Fig. 6.7: Temperature contour for CuO/water nano fluid 3%
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Fig 6.7 shows the temperature contour above heated fluid entering shell, which has a dark red
hue on the top right side of contour & temp of hot fluid falls as we travel left of the shell.

Fluid entering tube is represented in dark blue colour, while fluid exiting the tube is indicated

in light blue colour (tube domain).

Fig. 6.8: Velocity contour for CuO/water nano fluid 3%

The velocity profile displayed above indicates a large magnitude at the entrance and a drop
in magnitude as we go towards the shell's exit, which is depicted in green. A little increase in

velocity occurs at U-tube bends because to centrifugal forces.

Table 6.8: A 3 percent CuO/water nanofluid was used to measure the temperature.

COLD FLUID IN 300K
COLD FLUID OUT 327.56K
HOT FLUID IN 365K
HOT FLUID OUT 335.8K

Effectiveness Calculation

Heat capacity of cold fluid, Cc = mc * Cpc = 0.05* 4179.7 = 208.98 W/K

Heat capacity of hot fluid, Ch = mh * Cph =0.04*4086.2 = 163.44 W/K
Ch<Cc, Cmin=Ch Effectiveness,

Effectiveness = Cc ( Teo-Tei)/ Ch ( Thi-Tei)
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=207.54*27.5/163.44*65=.537
CASE 5 : CuO/water nano fluid 4%

Table 6.9: Base fluid water for cold and hot fluid is CuO/water nano fluid 4%

FLUID TYPE MASS FLOW  RATE | SPECIFIC HEAT
(Kg/s) (J/Kg K)

COLD FLUID .05 4179.725

HOT FLUID .04 4052

Fig. 6.9: Temperature contour for CuO/water nano fluid 4%

FIG. 6.9 depicts the temperature profile of heated fluid entering a shell, with the top right
region of the graph showing a dark red hue, while the lower left half shows a decreasing
temperature profile. Fluid entering the tube is represented in dark blue colour, while fluid

exiting the tube is indicated in light blue colour (tube domain).

Fig. 6.10: Velocity contour for CuO/water nano fluid 4%
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The velocity profile displayed above indicates a large magnitude at the entrance and a drop in
magnitude as we go towards the shell's exit, which is depicted in green. A little increase in

velocity occurs at U-tube bends because to centrifugal forces.

Table 6.10: CuO/water nanofluid 4 percent's temperature output data

COLD FLUID IN 300K
COLD FLUID OUT 327.53K
HOT FLUID IN 365K
HOT FLUID OUT 335.8K

Effectiveness Calculation
Heat capacity of cold fluid, Cc = mc * Cpc =0.05* 4179.7 = 208.98 W/K
Heat capacity of hot fluid, Ch = mh * Cph =0.04*4052 = 162.08 W/K
Ch<Cc, Cmin=Ch Effectiveness,
Effectiveness = Cc ( Teo-Tei)/ Ch ( Thi-Tei)
=208.98 * 27.53/162.08 * 65=.546
CASE 6 : CuO/water nano fluid 5%

Table 6.11: Base fluid water for cold and hot fluid is CuO/water nano fluid 5%

FLUID TYPE MASS FLOW  RATE | SPECIFIC HEAT
(Kg/s) (J/Kg K)

COLD FLUID .05 4179.725

HOT FLUID .04 4017.8
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Fig. 6.11: Temperature contour for CuO/water nano fluid 5%

Fig 6.11 shows the temperature contour above heated fluid entering the shell, with the top
right region of the contour showing a dark red hue, and temp of hot fluid decreasing as we
travel to the left. Fluid entering tube is represented in dark blue colour, while fluid exiting the

tube is indicated in light blue colour (tube domain).

Fig. 6.12: Velocity contour for CuO/water nano fluid 5%

The velocity profile displayed above indicates a large magnitude at the entrance and a drop in
magnitude as we go towards the shell's exit, which is depicted in green. A little increase in
velocity occurs at U-tube bends because to centrifugal forces.
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Table 6.12: CuO/Water Nano Fluid 5 Percent Temperature Output Data

COLD FLUID IN 300K
COLD FLUID OUT 327.54K
HOT FLUID IN 365K
HOT FLUID OUT 335.8K

Effectiveness Calculation

Heat capacity of cold fluid, Co=mc * Cpe = 0.05% 41797 = 205 98 WK
Heat capacity of hot fluid, Ch=mh * Cph =0 04%*3998 =159 92 W/K

Ch = Cc, Cmin = Ch Effectiveness,

Effectiveness = Co ( Teq-Taid Ch( ThizTei)
= 207 24%27 5/159 92%65= 549

Effectiveness is estimated for various percentages of nano fluids after doing CFD study on
shell & serpentine heat exchangers by CFX solver. Different nano fluid compositions are

shown in a table below 6.13.

Table 6.13: CuO/Water Nano Fluid Effectiveness in Different Compositions

— - mm m et m i e m mfm i mm—mmm — e m— —mm — m g — ——em——— - = — —. e e e

FLUID EFFECTIVENESS

WATER 0.513
NANO FLUID 1% 0.532
NANO FLUID 2% 0.536
NANO FLUID 3% 0.537
NANO FLUID 4% 0.546
NANO FLUID 5% 0.549
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EFFECTIVENESS FOR CuO/water nano fluid

0.56
0.55

0.54

0.53
0.52
0.5

0.49

WATER NANO FLUID 1% NANO FLUID 2% NANO FLUID 3% NANO FLUID 4% NANO FLUID 5%

—_

w

Fig. 6.13: Comparison of the effectiveness of nano fluids with varied compositions of CuO

and water.
CASE 7: Al,Os/water nano fluid 1%

Table 6.14: Base fluid water for cold and hot fluid is Al.Os/water nano fluid 1%

FLUID TYPE MASS FLOW  RATE | SPECIFIC HEAT
(Kgls) (J/Kg K)

COLD FLUID .05 4179.725

HOT FLUID .04 4150.9

Fig. 6.14: Temperature contour for Al,Os/water nano fluid 1%
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Fig. 6.15: Velocity contour for Al,Os/water nano fluid 1%

Table 6.15: Temperature output data for Al,Os/water nano fluid 1%

COLD FLUID IN 300K
COLD FLUID OUT 327.51K
HOT FLUID IN 365K
HOT FLUID OUT 335.86K

Effectiveness Calculation

Heat capacity of cold fluid, Co=mc * Cpe =0.05% 41797 =208 98 WK
Heat capacity of hot fluid, Ch = mh * Cph =0.04%4150.9 = 166 036 WK

Ch = Lc, Cmin=Ch

Effectiveness,

Effectiveness= Co { Ten-Teilf Ch{ ThizLei)
= 208.98*27 57166 036%65=5325

CASE 8 : Al,Os/water nano fluid 2%

Table 6.16: Base fluid water for cold and hot fluid is Al.Os/water nano fluid 2%

FLUID TYPE MASS FLOW  RATE | SPECIFIC HEAT
(Kg/s) (J/Kg K)

COLD FLUID .05 4179.725

HOT FLUID .04 4112.8
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Fig. 6.16: Velocity contour for Al,Os/water nano fluid 2%

Fig. 6.17: Temperature contour for Al>Os/water nano fluid 2%

Table 6.17: Temperature output data for Al,Os/water nano fluid 2%

COLD FLUID IN 300K
COLD FLUID OUT 327.52K
HOT FLUID IN 365K
HOT FLUID OUT 335.87K

Calculation of Efficacy

Heat capacity of cold fluid, Co=mc * Cpe =0.05% 41797 = 208 98 WK
Heat capacity of hot fluid, Ch = mh * Cph =004%4112.8 = 164 512 WK

Ch=Cc, Cmin =Ch
Effectiveness = Co{ Tea-Tald Ch{ Thi-Tai
= 208 95*27 52/164 . 512%65= 5373

Effectiveness,
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CASE 9: Al,O3s/water nano fluid 3%

Table 6.18: Base fluid water for cold and hot fluid is Al.Os/water nano fluid 3%

FLUID TYPE MASS FLOW  RATE | SPECIFIC HEAT
(Kg/s) (J/Kg K)

COLD FLUID .05 4179.725

HOT FLUID .04 4074.8

Fig. 6.18: Velocity contour for Al,Os/water nano fluid 3%

Fig. 6.19: Temperature contour for Al>Os/water nano fluid 3%
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Table 6.19: Temperature output data for Al.Oz/water nano fluid 3%




COLD FLUID IN 300K
COLD FLUID OUT 327.529K
HOT FLUID IN 365K
HOT FLUID OUT 335.88K

Calculation of Efficacy

Heat capacity of cold flud, Co=mc * Cpc =0.05% 41797 = 208 %8 WK
Heat capacity of hot fluid, Ch = mh * Cph =0 04%4074 8 = 162 952 WK

Ch=Cc, Cmin =Ch
Effectiveness = Co{ Tea-Taild Chi ThizTeil

Effectiveness,

= 208 95%27 521162 392*65= 5420

CASE 10 : Al,Os/water nano fluid 4%

Table 6.20: Base fluid water for cold and hot fluid is Al.Os/water nano fluid 4%

FLUID TYPE MASS FLOW  RATE | SPECIFIC HEAT
(Kg/s) (J/Kg K)

COLD FLUID .05 4179.725

HOT FLUID .04 4036.7

Fig. 6.20: Velocity contour for Al,Os/water nano fluid 4%
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Fig. 6.21: Temperature contour for AlOs/water nano fluid 4%

Table 6.21: Temperature output data for Al.Os/water nano fluid 4%

COLD FLUID IN 300K
COLD FLUID OUT 327.53K
HOT FLUID IN 365K
HOT FLUID OUT 335.88K

Calculation of Efficacy

Heat capacity of cold fluid, Co=mc * Cpg = 0.05% 41797 =208 98 WK

Heat capacity of hot fluid, Ch = mh * Cph =0.04%40%26.7 = 161 4658 WK
Ch=Cc, Cmin =Ch Effectiveness,

Effectiveness = Co ([ Tea-Tel Cnl Ty-Te)
=208, 98%27 527161 468%65= 5479

CASE 11: Al,Os/water nano fluid 5%

Table 6.22: Base fluid water for cold and hot fluid is Al.Os/water nano fluid 5%

FLUID TYPE MASS FLOW  RATE | SPECIFIC HEAT
(Kg/s) (J/Kg K)

COLD FLUID .05 4179.725

HOT FLUID .04 3998
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Fig. 6.22: Velocity contour for Al,Os/water nano fluid 5%

Fig. 6.23: Temperature contour for Al>Os/water nano fluid 5%

Table 6.23: Temperature output data for Al.Os/water nano fluid 5%

COLD FLUID IN 300K
COLD FLUID OUT 327.54K
HOT FLUID IN 365K
HOT FLUID OUT 335.88K
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Calculation of Efficacy
Heat capacity of cold fluid, Co=mec * Cpc_ =0.05*% 41797 =208 %5 WK

Heat capacity of hot fluid, Ch = mh * Cph =0.04%3908 = 129 92 WWE
Ch = Ce, Cmin =Ch Effectiveness,

Effectiveness = Cc { Ten-Tei) Cn{ Thi-Tei)
= 208 98%27 247159 92 * £5=15236

Table 6.24: Effectiveness for varied AI203/water nanofluid compositions

WATER 0.513
NANO FLUID 1% 0.5325
NANO FLUID 2% 0.5378
NANO FLUID 3% 0.5428
NANO FLUID 4% 0.5479
NANO FLUID 5% 0.5536

EFFECTIVENESS Al203/water

0.56

0.55

0.54
0.53
0.52
0.51

0.49
WATER NANC FLUID 1% NANO FLUID 2% NANO FLUID 3% NANO FLUID 4% NANO FLUID 5%

w

Fig. 6.24: Comparison of nanofluids with varied compositions of Al,Os/water
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EFFECTIVENESS COMPARISON
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Fig. 6.25: comparative evaluation of impact Fluids with nanoparticles of Al,Oz and CuO
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CHAPTER-7
CONCLUSION

7.1 Conclusion

In a base fluid like water, ethylene glycol, or oil, nanometric metallic or ceramic particles are
suspended in a colloidal solution. Nanofluids may considerably enhance the HT properties of
original fluid because of their enhanced thermal transport capabilities. It is possible to
simulate the performance of both shell and serpentine heat exchangers using computational
fluid dynamics (CFD) simulations using a wide range of particle concentrations of CuO and
Al203. When the concentration of nanoparticles increases, the effectiveness value also
increases. The numerical findings show that nanofluids have a significant increase in heat
transmission compared to their base fluid. Heat transfer and efficiency are higher when
Al203/water nano fluid is utilised for analysis than when CuO/water nano fluid is. This is
why Al203/water nano fluid is the best choice.

As the concentration of nanoparticles rises, so does the rate of heat transmission. Nano fluids
have a larger turbulence kinetic energy than water, resulting in increased heat transfer from

turbulent flow.

1) The efficiency & cooling performance of a shell & serpentine HE may be improved
by using nanofluids.

2) Due to minuscule volume fractions and ultra-fine particles of nanofluid, there is no
additional pressure drop across serpentine heat exchangers when utilising this coolant.

3) Low-velocity flows are more affected by nanofluids, whereas high-velocity flows are
less affected by nanofluids because the flow rate dominates.

4) The impact of nanofluids on boundary layer development is greatest near the entry

area owing to the influence of solid particles.
7.2 Future Scope

A new type of fluid known as ion fluids necessitates research in improvement of HT rate and

its possible application in HE. Also, usage of baffling with varying geometrical parameters of
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shell and serpentine heat exchangers by various types of nano fluids and ion fluids could be

envisaged to achieve better cooling characteristics.
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