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ABSTRACT

Helical tubes have been widely used in the industry due to their compactness in
structure, high heat transfer rate and ease of manufacture. They are commonly found in
industry as heat exchangers or chemical reactors. Aside from the industrial application,
fluid flow phenomena in coiled duct have also attracted much attention from engineering
researchers. So, basically the aim of this project is to investigate the heat transfer
performance of various configurations of helical coil heat exchanger such as circular
concentric and eccentric tube-in-tube and with different cross sections geometry which
are square concentric and eccentric. Moreover, parametric study will also be conducted
for several parameters like co-flow in tube, different fluid inlet velocity in inner tubes and
annulus region then different in cross-sections geometry for helical heat exchangers by
using numerical investigation of well-known ANSYS Fluent CFD software. By
commanding boundary conditions and choosing of an applicable mesh, the obtained
results were compared and validated with existing experimental results in open literature.
The result designates that augments of heat transfer by increasing the inner Dean number,
annulus flow rates and concentricity of tube-in-tubes helical heat exchanger. However,
the square cross section also can be a part of parameter that going to affect in increasing
heat transfer.
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CHAPTER 1: INTRODUCTION

1.1 Background

Nowadays, heat exchanger has become a major equipment that needed to ease our
daily life. For instance heat exchanger application in our surrounding that commonly
being used are air conditioners, refrigerators and cooling system in car engine. Basically
the mechanism in heat exchanger is a system designed to transfer heat between two fluids.
The function is to control the temperature of the fluids whether in high or low temperature.
A heat exchanger could remove or add thermal energy to a system where the process
require a certain temperature to work properly without mixing the fluid together. For
instance, if we want to add thermal energy to the liquid such as gases, we cannot simply
heated like the solid where it cannot be mix together but for gases it will be difficult
because the best way to heat-up is by using heat exchanger. However, there are many
design of heat exchanger such as shell-and-tube, open-flow, plate contact and double pipe
heat exchanger. In this project, double pipe heat exchanger was the main focusing type
that going to be compare with helical coil heat exchanger.

Helical coil has been known as one types of heat exchanger. Therefore, helical
coil has been known to offer high heat transfer when compared to straight tube heat
exchanger (Fernandez-Seara et al., 2013), (Kurnia et al., 2012) & (Prabhanjan et al.,
2002). As such, helical coil heat exchangers are widely used in industry such as steam
generators, refrigerators, nuclear reactors, chemical plants and domestic hot water
systems as heat exchanger or chemical reactors. It is due to their compactness in structure,
ease of manufacture, ease of maintenance and improved thermal efficiency. The inner and

outer tubes was transfer heat by convection process, but for conduction process it is

1



through the tube wall and fouling resistances where there are on the inner and outer tubes

that will affects the performance of heat transfer.

Aside from the industrial application, transport phenomena in coiled duct have
also attracted much intention from engineering researchers. Therefore for this evaluation
of heat transfer performance of helical coil heat exchanger project, the purpose is to
investigate the heat transfer performance of various configuration of helical coil heat
exchanger which are tube-in-tube and side-by-side. Moreover, the parametric study will
also be conducted for various flow such as co-flow and counter flow, fluid inlet velocity
and cross-section geometry. This study will be using numerical method to evaluate the

heat transfer rates for non-circular tubes and eccentricity of helical coil.
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Figure 1.0: Classification of heat exchanger (Shah, 1981)




1.2 Problem Statement

Increasing heat transfer performance has been a major focus of engineering. Due
to large application in industries make the people think about an improvement to the heat
exchanger itself which the main function is to transfer heat whether from high to low
temperature or vice versa. However, other than focusing about the heat transfers rate, they
also trying to compare the heat exchanger of straight tube with the heat exchanger of
helical coil due to the compactness of geometries and heat transfer rates. Many research
have been done to prove that they can make the same efficiency of heat transfers with
smaller geometry of heat exchanger. One of the result found is by using helical coil heat

exchanger.

Therefore, helical coil design offers higher heat transfer rate due to the presence
of secondary flow induced by coil curvature. However, the previous studies focus on
circular cross-section and concentricity for inner tube. Only limited study dealt with non-
circular cross-section and its eccentricity of helical tube heat exchanger. Hence this study

conducted to evaluate the heat transfer performance in helical heat exchanger.

1.3 Objectives

There are the objectives of project entitle of evaluation of heat transfer performance of

helical coil heat exchanger which focusing in different cross-section of tube.

» To investigate flow characteristics and heat transfers phenomena in helical coil
heat exchanger
» To identify and evaluate several parameters affecting the performance of a helical

coil heat exchanger



1.4 Scope of Study

The scope of study of this project is to evaluate the heat transfer performance of helical
coil heat exchanger which more focusing on the type of double pipe heat exchanger and
also includes:

I.  The considered working fluid in this study is water.
Il.  Only one turn of helical heat exchanger is studied in this study.
I1l.  The cross-section area is fixed with different cross-section geometry.
IV.  This study dealt with laminar flow in helical tube.

V.  Water properties in only function of temperature.



CHAPTER 2: LITERATURE REVIEW

2.1 Heat Transfer

Heat transfer involved in two flowing fluids but it has been separated with the
solid wall. From the inside of tube that contain hot fluid, the heat will transfer to the wall
by convection. While through the wall it is by conduction and again from the wall to the
cold fluid is by convection. That the basic working principle of heat transfers inside the

tube-in-tube heat exchanger.

The investigated hydrodynamic and heat transfer characteristic of tube-in-tube
helical heat exchanger was done (Kumar et al., 2006). They are doing experimental of
counter flow heat exchanger and evaluated the heat transfer coefficients. For the Nusselt
number and friction factor coefficient was found and validated with the numerical value
from computer fluid dynamic (CFD) package (FLUENT). The result shown that the
overall heat transfer coefficient increase with increasing the inner coil tube Dean Number

for constant flow rate in annulus region.

Other than that, it has been noted by Naphon and Wongwise et al. (2005), which
study of the heat characteristics of a compact spiral coil heat exchanger under wet-surface
condition and they had done the numerical and experimental studies. It is to find out the
heat transfer rate and predict the performance of the spiral coil heat exchangers. The
analysis is using cooling and dehumidifying conditions. They found the mass flow rate
and temperature of air values at the inlet and outlet. The increase in mass flow rate of
water give the outlet temperature of air and water decrease. Hence with the increase of

mass flow rate of air and water gives the enthalpy and humidity effectiveness decrease.

In addition, the study of difference sizes of the inner tubes of double pipe helical
heat exchanger that affect the heat transfer characteristics (Rennie, 2006). The result

showed an increasing the overall heat transfer coefficient as increasing the inner dean
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number which considering an annulus region have stronger influence in term of thermal
resistance. Other than that, by increasing the inner tube size result in lower thermal
resistance in annulus region because thermal resistance in inner tube remained fairly

constant.

However, by referring to Jiangin and Shoapeng, (2000), they numerically studies
about the different eccentricity ratio of TTHC heat exchanger and performed with helium
in the inner tube and annulus. The increasing value of eccentricity, the inner Nusselt
number will decrease while the annulus Nusselt number increase rapidly. Eccentricity is
good for heat transfer in annulus region of tube-in-tube helically coiled (TTHC) heat

exchanger, especially in large Reynolds number region.

In other work, Naphon (2007) conducted a study on a complex heat exchanger
involving two helical coil banks with fins attached to the coils, inside of a sectioned shell.
The heat exchanger was operated in the counter flow configuration. Hot water and cold
water were used for the coil and shell sides, respectively. Though no results were
presented on inner or outer heat transfer coefficients, results were given relating the heat
exchanger effectiveness versus shell and coil flowrates. For low hot water mass flowrates,
the heat exchanger effectiveness was seen to increase with increasing coil hot water inlet
temperature. At higher hot water flowrates, the effectiveness converges onto a single
value, regardless of hot water inlet temperature. The highest effectiveness is seen with the
largest shell side flowrate and the lowest coil side flowrate, and the lowest effectiveness

is seen when the inverse situation occurs.

2.2 Helical Coil

Many studies have been done to replace the straight inner tubes with helical coil
heat exchanger due to the compactness of geometry with same heat transfer amount. This
is cause by larger heat transfer surface area and small in a geometry of tubes but increase
the pressure drop across the heat exchanger. Due to the geometrical configuration of
helical coils with more complex flow pattern also report an additional centrifugal force
on the inner coil flow and increasing the pressure drop on the shell side. Dean number is

often used which represent the ratio of the viscous force acting on a fluid flowing in a
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curve pipe to the centrifugal force. The Dean number will never be larger than the
Reynolds number for same flow (Gaskil, 2011). The effects of the centrifugal force
dominate flow as a Dean number approaches the Reynolds number and it effect on the
heat transfer.

According to Kurnia et al. (2014), compared between in-plane spirals, conical
spiral coils and helical coil, the best heat transfer rate is helical coil and then followed by
others. The study have been done for heat transfer performance of power law fluids in
coiled square with these three type of coil. For pressure drop which become the important
factor that affect heat transfer and the comparison between these three types give the

helical coil to the highest pressure drop.

Seban and McLaughlin (1963), they have studied heat transfer through helical coil
by using two different curvature diameter ratios which 0.0588 and 0.0096. The curvature
diameter ratio is defined as the ratio of the inner diameter of the pipe, d, to the curvature
diameter of helix, D. The flow is in range of 12< Re<65,000 was varied from laminar to
turbulent. The local heat transfer coefficients for laminar flow were found to be
consistently larger on the outer half (peripherally) than on the inner half. For all cases, a

larger heat transfer coefficient was seen relative to a straight tube.

In the other hand, Jamshidi et.al. (2013) study the heat transfer rates in shell and
helical tube heat exchanger and finding the optimum design parameters in coiled tube heat
exchanger. The result given is by decreasing the coil pitch, in the inner tube the Nusselt
number will increase but will decrease in shell side. However, by increasing the coil
diameter, for inner tube will increase the Nusselt number and overall heat transfer

coefficient but in shell side the Nusselt number will decrease.



2.3 Flow Characteristics

In heat exchanger, the flow inside was the main character that going to effect the
performance of heat exchanger. It was supported by Rennie (2004), the location of the
maximum axial velocity is recorded toward the outer wall of a curved tube. Therefore,
increasing the resistance to flow in curved tube compared to straight tube will related to
curvature ratio. Even though it have slight curvature actually it tend to change the critical
velocity that is common indicator of transition from laminar to turbulent flow. However,
by using ink injections into water flowing through coiled tubes, the secondary flow of
pattern was observed. Whenever a fluid flows in a curved pipe or channel, the secondary

flow will appears.

Therefore, the study of heat transfer coefficient and parameters profile with
numerical and experimental analysis was done (Kumar et al., 2006). The results have been
compared between experimental, present numerical and also literature data. In numerical
analysis, it shows that the velocity fields for inner and annulus tubes. With different
degree of length from the starting tubes (30, 60, 90, 180, 270, and 360) degree, it stated
that by increasing the axial distance, the secondary flow is strong for both regions. It also
shows the temperature field for both regions. As the higher axial distance, the temperature
distribution almost ceases to change which after 180 degree. In experimental, in the
annulus side it flow with cold water and in the inner tube it flow with hot water. The result
shows heat transfer coefficient increase with increase the flow rate inside.

Hence, the numerical simulation were carried out for a square duct Reynolds
number of 1000 and a fixed fluid rate to examine seven different non-circular duct
geometries such as straight duct, in-plane spiral ducts with various cross-section
geometries including square, 2x1 and 4x1 rectangular, trapezoid, triangular and half
circular (Kurnia et al., 2012). From earlier investigations shown that it will lead to
significant radial pressure gradient in the flow core region with the presence of centrifugal
force due to curvature. The axial velocity and the centrifugal force will approach zero in

the proximity of curved duct inner and outer walls. Hence, secondary flow will occur to



balance the momentum transport. So, the result from studies shown with higher velocity

in generated in the outer wall of spiral ducts for the secondary flow.

Moreover, the study on the flow and heat transfer characteristics in spiral-coil tube
heat exchanger was done, (Paisarn, 2005). He did mathematical and experimental study
on horizontal spiral-coil tube to predict the flow characteristics whether the heat transfer
rate or heat transfer coefficient had affected by the centrifugal force. However, the
pressure drop and also the Nusselt number from the spiral tube are increases higher than

the straight tube due to centrifugal force.

Other than that, numerical study of tube-in-tube helically coiled heat exchanger
by considering compressed air in the inner tube at various operating pressure and cooling
water in the outer tube was done, (Kumar et al., 2008). Heat conduction within the tube
walls was considers but if compare to the literature they don’t consider it. So, the result
showed overall heat transfer coefficient increase with increase the flow rate in the inner
tubes when constant in outer and vice versa. Increase in operating pressure in the inner

tube also increase the overall heat transfer coefficient.
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CHAPTER 3: METHODOLOGY

The methodology for this project was done by using numerical method of study.
Computer fluid dynamics (CFD) package was used (ANSYS FLUENT) to control volume
finite difference method (CVFDM) and evaluate certain parameters such as pressure, flow
rates and temperature due to cross section in helical coil double pipe heat exchanger.
Then, validation purposes from the result was identified whether its correlate with

experimental literature reviews.

The heat exchanger were numerically modeled consist of two spiral ducts, consist
of one inside the other (tube-in-tube) and side-by-side (eccentric). The dimension of the
coiled ducts were taken as same as in the literature reviews (Rennie et al., 2005). The hot
fluid flows in the inner duct tube, while the cold fluid flows in the annulus region whether

in co-flows or counter flows.

Then we set the condition according to literature data with fixed the flow rates in
annulus region where in the inner region we run with different flow rates. However, for
side-by-side type the flows is depend on the fixed area of calculated region base on the
validation data’s. We also can evaluate and compare the differences between various cross
section inside the square ducts.

3.1 CFD modeling

This project will considered circular eccentric and square cross-section for the coil
geometry. The geometries for the helical coil was created in AutoCAD 12 which to get

the basic geometries for helical shape before export to pre-processor GAMBIT for
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meshing, labeling boundary condition and determining the computational domain. It will

export as stereo lithography (.sat) files.

In GAMBIT software, a relative mesh is generated. This mesh contains mixed
elements (Hexahedral and Hexahedral/wedge) having several types of faces (Map, Submap
& Cooper) at the boundaries. Precaution is taken to use structured hexahedral cells as much
as probable. It is meant to reduce numerical distribution as much as possible by structuring
the mesh in a well mode, mostly near the wall region. Then, a fine mesh is generated. But
there are constraint in denser meshed volume regarding this project because ANSYS
FLUENT software of students version have limitation in meshed volume which is only up to
512 000. The figure 3.1 shows the CFD modelling that have been developed in Gambit

software.

Figure 3.0: The model of helical heat exchanger
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In addition, for the numerical method simulations, the step is shown in figures 3.0 & 3.1

Performance of helical coiled
heat exchanger

v

Literature Review:
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Figure 3.1: Process flow chart
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Figure 3.2: Continue process flow chart

The circular heat exchanger was constructed with the outer diameter of outer tube Do,
inner diameter of inner tube Di, and is coiled with curvature radius Rc, while the distance
between two turns (the pitch) is reported by H. Then, with outer diameter of inner tube
do, and inner diameter of inner tube di. In this study, the Certesian coordinate system (X,
Yy, z) is used to present flow in numerical simulation.
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Figure 3.3: Schematic diagram and coordinate system of the circular and square tube-

in-tube heat exchanger (Kumar et al., 2006)

Table 3.0: characteristics dimensions for circular tube-in-tube heat exchanger

Dimensional parameters

Heat Exchanger

Inner diameter of outer tube, Di (mm) 14.3
Outer diameter of outer tube, Do (mm) 15.9
Inner diameter of inner tube, di (mm) 7.9
Outer diameter of inner tube, do (mm) 9.5
Curvature Radius, Rc (mm) 235.9

The pitch, H (mm) 31.8

Table 3.1: Characteristics dimensions for square tube-in-tube heat exchanger

Dimensional parameters Heat Exchanger
Inner length of outer tube, Ai (mm) 12.8
Outer length of outer tube, Ao (mm) 14.4
Inner length of inner tube, ai (mm) 6.8
Outer length of inner tube, ao (mm) 8.4
Curvature Radius, Rc (mm) 235.9
The pitch, H (mm) 31.8
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3.1.1 Governing Equation

Since this analysis looks into laminar flow, a precise numerical solution is sufficient to
simulate real life application very closely. Conservation equations for mass, momentum

and energy for the flow inside the ducts are given by

V.-pu=0, )
V-(ou@Qu)= —VP+V - [u(Vu+ (Vu)h) ], (2)
pcpu - VT = kV2T, (3)

where p is the fluid density, u is the fluid velocity, P is the pressure, u is the dynamic
viscosity of the fluid, c; is the specific heat of the fluid, k is the thermal conductivity and
T is the temperature.

3.1.2 Constitutive relations

In this project, water is the main working fluid used to investigate the performance of heat
transfers. The thermo-physical properties of water are given as functions of temperature.
The density, viscosity, thermal conductivity and specific heat of water are defined as
(Kays et al., 2005)

pw = —3.570 x 107372 + 1.88T + 753.2, (4)
ty = 2.591 X 107> x 10%, (5)
k, = —8.354 x 107°T? + 6.53 x 1073T — 0.5981, (6)
Cpwater = 4200, (7

The mixed mean temperature is given by (Kays et al., 2005)
1
Tnean = V_Ac fAc TudA,, (8)
1
V= A_c fACUdAC. (9)
The total heat rate is define as

Qtotal = mcp (Tmean,L - Tmean,O) (10)
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3.1.3 Calculation of the heat transfer coefficient

The overall heat transfer coefficient is obtained using the inlet and outlet temperatures,

and the question is:

Q
"~ Ao ATimrp ' (11)
AT, — AT
ATy mrp = AT (Asz /A; X (12)
1

Where we have AT;and AT,:
ATy = Ty — Ty
AT, = Th,o - Tc,o

Where T}, ; and Ty, , are the temperature of hot fluid at the inlet and outlet.

3.2 Numerical Simulation (ANSYS FLUENT)

3.2.1 Problem Setup

The mesh is checked and quality is obtained. The analysis type is changed to Pressure

Based type. The velocity formulation is changed to absolute and time to steady state.

3.2.2 Models

Energy is set to ON position. Viscous model is selected as laminar.

3.2.3 Materials

Create or edit option is clicked to add water-liquid and copper to the list of fluid and solid

respectively from the fluent database.

3.2.4 Cell zone conditions

The parts are assigned as water and copper as per fluid/solid parts.
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3.2.5 Boundary Conditions

Boundary conditions are used according to the need of the model. The inlet and outlet

conditions are defined as velocity inlet and pressure outlet. As this is a co-flow with two

tubes so there are two inlets and two outlets. The walls are separately specified with

respective boundary conditions. No slip condition is considered for each wall and tube

walls each wall is set to zero heat flux condition. For inner tubes, the thickness have been

fixed to 0.8 mm. The details about all boundary conditions for circular tubes and square

ducts can be seen in the table 3.2 & 3.3 as given below.

Table 3.2: Boundary Condition for circular tubes

Boundary Temp Velocity magnitude for different flow rates (m/s)
Cog%téon = ‘?f(“)r Re=500 | Re=1000 | Re=1500 | Re=2000 | Re=2300
Inner inlet Velocity inlet 333 0.025 0.05 0.075 0.10 0.115
Inner outlet | Pressure outlet - - - - - -
300 cm®/min 500 cm3/min 700 cm®/min
Outer inlet | Velocity inlet | 295.1 0.056 0.093 0.130

Outer outlet

Pressure outlet

Table 3.3: Boundary condition for square ducts

Boundary | Temp Velocity magnitude for different flow rates (m/s)
Condition eratur
Type e (K) | Re=500 | Re=1000 | Re=1500 | Re=2000 | Re=2300
Inner inlet Velocity inlet 333 0.028 0.057 0.085 0.113 0.13
Inner outlet | Pressure outlet - - - - - -
300 cm®/min 500 cm®/min 700 cm®min
Outerinlet | Velocity inlet | 295.1 0.0536 0.0893 0.125

Outer outlet

Pressure outlet

3.2.6 Reference Values

The inner inlet is selected from the drop down list of “compute from”. The values are:

Area =1 m?

Density = 1.225 kg/m?®

Length = 1000
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e Temperature = 288.16 K
e Velocity =1 m/s
e Viscosity = 1.789 x107° kg/m-s

e Ratio of specific heats = 1.4

3.2.7 Solution Methods

The solution methods are specified as follows:

e Scheme = Simple

e Gradient = Green Gauss Cell Based

e Pressure = Second Order

e Momentum = Second Order Upwind

e Turbulent Kinetic Energy = Second Order Upwind

e Turbulent Dissipation Rate = Second Order Upwind

3.2.8 Solution Control and Initialization

Under relaxation factors the parameters are

e Pressure = 0.3 Pascal

e Density =1 kg/m®

e Body forces = 1 kg/m?s?
e Momentum = 0.7 kg-m/s

e Energy =1 m%s?

Then the solution initialization method is set to Standard Initialization whereas the
reference frame is set to Relative cell zone. The inner inlet is selected from the compute

from drop down list and the solution is initialized.
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3.2.9 Measure of Convergence

It is tried to have a nice convergence throughout the simulation and hence criteria is made

strict so as to get an accurate result. For this reason residuals are given as per the table 4

that follows.

Table 3.4: Residuals

Variable Residual
x-velocity 10°
y-velocity 10°
z-velocity 10°
Continuity 10°

3.210 Run Calculation

Run simulation until convergence criteria is met. It roughly takes around 30 minutes for every

single simulation to be done then, the result of surface integral and various contours plots are

obtained.
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3.2 Gantt Chart

NO ACTIVITIES FYp1
1 7|8 10|11|12|13|14
1 [FYP TopicSelection
2 |Project Introduction
3 Extended Proposal
- Literature review
4 |Extended Proposal Submission
c Proposal Defense Preparation
- Prepare for slide presentation
7 |Proposal Defense Evaluation
Experimental early preparation
8 .. .
- find information related
9 Preparation to develop model by software
- Learn to be familiar with software
9 Submission of Interim Draft Report
- preparation Interim Report
10 |Submission of Interim Report

Figure 3.4: Gantt chart for semester 1 (FYP 1)
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SEMESTER 1 (FYP 2)

NO ACTIVITIES
1 |Literature Review
2 |Mathematical Model Development
3 [Model Validation
4 Model Development with Different Cross-
section Geometries

Study key Parameter
- Velocity

5 |-Temperature

- Reynolds Number
- Nusselt Number

Progress Report

Critical analysis on the result from simulation

Investigating the Integrity and Reliability of the

6
7
8 |Pre-SEDEX
9
Technique

10 |Preparation of Final Report

11 |[Submission of Draft Final Report

12 |Submission of Dissertation (Soft Bound)
13 |Submission of Technical Paper

14 |Viva

15 |Submission of Dissertation (Hard Bound)

Note: Complete literature review A Thesis ready for submission .
Complete model development » submission -
complete model validation +

Figure 3.5: Gantt chart for semester 2 (FYP 2)
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3.3 Key Milestone

There are the key milestone for this project which from Final Year Project (FYP) 1 and
2. It has been highlight the important date to be fulfill the required task in the FYP period.

Below show the key milestone for this project.

Table 3.5: Key milestones

Key Milestone Complete
Complete literature review Week 14
Complete validation Week 9
Complete geometry study Week 10
Complete analysis on the result from simulation Week 13
Complete final report Week 15
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CHAPTER 4: RESULTS AND DISCUSSION

In his chapter, it will be focusing on the results obtained from the simulation that
have been running in ANSYS FLUENT. The validation has been done and discuss in this

chapter.

4.1 Model Validation

The numerical method is used to investigate the model in this works as mentioned
before, the numerical method is not suitable enough to get trusted results. Hence, before
starting the model proposed with different cross-section geometries, the model should
been developed in AutoCAD and Gambit according to the method and then continue

running on ANSY'S Fluent. It should be validated by some past work that already done.

For this purpose, the work from Ranjbar et al. (2014) and Rennie et al. (2005) act
as references which experimental literature data that have been done as validation
purposes. The comparison between the experimental works would be the best way to
validate the results from the numerical method. The geometry is circular tube-in-tube
helical coiled heat exchanger as figure 4.0 show the mesh plots. Unfortunately, the total
volume of mesh is not dense enough for the mathematical model developed due to
limitation numbers of meshed that allow in Fluent for student version. It is limited to
512000 total mesh volume.
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ANSYS

R15.0

Academic

Mesh Jun 29, 2015
ANSYS Fluent 15.0 (3d, dp, pbns, lam)

Figure 4.0: Mesh plot for circular tube-in-tube helical coiled

The overall heat transfer coefficient was calculated and compared with the overall
heat transfer coefficient form the work done by Rennie et al. (2005). It has been compared
with different flow in annulus region which are 300 cm®/min, 500 cm®/min and 700
cm®min while in the inner tube flow rates with different Reynolds number. The result
shows that the overall heat transfer coefficient from calculated is slightly different from
the present data. Overall heat transfer coefficient for parallel flow are presented in figure
4.1 which the overall heat transfer coefficient is plotted against the Inner Dean number.
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Figure 4.1: Overall heat transfer coefficient comparison in present predictions with the
results of Rennie et al. (2005).

From the figure 4.1, its shows the present prediction is slightly higher compare to
Rennie et al. (2005) at the lower inner Dean number but become lower varies with
increasing inner Dean number. It happen may due to the error which has been set with
different values. However, the overall results shows with higher Inner Dean Number will
increase the overall heat transfer coefficient. In this case of the calculated results matches

properly with the paper that has done and it’s fairly agrees with the predicted results.
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4.1.1 Velocity Fields

From the execution of the model developed, the main factors that contributed the
heat transfer rate is velocity. Based on the research before, the higher the velocity gives

higher heat transfer rate.

ANSYS

R15.0
Academic

74201
6.366-01
5.300-01
4 246-01
3.186-01

2.126-01 y
1.06-01
X
0.00e+00
Contours of Velocity Magnitude (m/s) Jun 29, 2015

ANSYS Fluent 15.0 (3d, dp, pbns, lam)

Figure 4.2: Contours of Velocity Magnitude at the Inlet and Outlet of Circular
Concentric Helical Coiled
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347e-02

1.73e-02

08100 Re= 500 Re= 1500 Re= 2300

Figure 4.3: The velocity contours at the inlet of the inner tube with different Reynolds

number

The figure 4.3 shows three different Reynolds number for the inner tube, as shows
in figure above the velocity contours shape for inlet inner tube is look like the same even
in different Reynolds number but the velocity sign shows with different velocity at inlet.
The contours has same results because at the starting point the flow doesn’t affect with

the curvature tubes.

3.48e-01
3.31e-01
3.130-01
2.96e-01
2.78e-01

261e-01
244601
226601
20001
§ 191e01
o 174601
157e-01
1.390-01
1.226-01
1.040-01
8.70e-02
6.96e-02
5.22e-02
348002
1.746-02

Re=500 Re=1500 Re=2300

Figure 4.4: The velocity contours at the 180° angle of length cross-section with the

different Reynolds number

The higher Reynolds numbers at the 180° angle of length cross-section shows the
velocity at outer wall inner tube is higher compare to less Reynolds number. For inner
side of inner tube, due to the centrifugal force of curvature tube make it has low velocity
profile.
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Figure 4.5: The velocity contours at the outlet of the tube with different Reynolds

number

It is same with the previous result that shows the high Reynolds number give the

velocity at outlet inner tube higher compare to others.

4.1.2 Temperature Fields

Temperature contours at 300 cm3/min annulus flow rates

Re= 500 Re= 1500 Re=2300

Figure 4.6: The temperature contours at the inlet
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Figure 4.7: The temperature contours for tube at 180°angle of length cross-section with

different Reynold number
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Figure 4.8: The temperature contours at outlet with different Reynolds numbers

As the figures above, its shows the temperature contours for different length of
cross-section which at inlet, 180° length and outlet with different in Reynolds number.
The patterns of the temperature shows in figure 4.7, the temperature zones at 180° length
is shift to the outer side of tube because of the centrifugal force that occurs in helical
coiled while in figure 4.8, its shows the temperature has more transfers in the annulus
region with greater flow rates of fluid.
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Temperature contours at 500 cm3/min annulus flow rates
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Figure 4.9: The temperature contours at the inlet
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Figure 4.10: The temperature contours for tube at 180°angle of length cross-section
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Figure 4.11: The temperature contours at outlet with different Reynolds numbers

31



Temperature contours at 700 cm3/min annulus flow rates
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Figure 4.12: The temperature contours at the inlet
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Figure 4.13: The temperature contours for tube at 180°angle of length cross-section

with different Reynold number

3330402
3319402
3290402
3.27e+02
3.25e+02
3248402
3220402
3200402
3180402
3 16e+02
3140402
3.12e+02
3100402
3.080+02
306e+02
3.05e+02
3.03e+02
3.01e+02
2.9%e+02
297e+02

2950402 Re= 500 Re= 1500 Re=2300

Figure 4.14: The temperature contours at outlet with different Reynolds numbers
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The principle behind it is same like the others with different flow rates at annulus
region but same at inner tubes region. It can be refers to the temperature contours between
figure 4.9 until figure 4.14. The higher the flow rates in annulus give better heat transfers
for tube-in-tube helical coiled heat exchanger.

4.2 Effects of Geometry

In this project, it is emphasizing on the evaluation of performance for various cross
section of helical coil such as circular concentric, circular eccentric, square concentric and
square eccentric cross section. The results shows a comparison between concentric and
eccentric overall heat transfer coefficient against Dean Number inside the inner tubes of
helical coil. For every model developed, simulation has been done with differences flow
rates according to the fixed Reynolds number which are 500, 1000, 1500, 2000 and 2300.
So, the figures 4.15 & 4.16 shows the result from calculation that was done in order to

find overall heat transfer coefficient.
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Figure 4.15: Comparison of circular tubes overall heat transfer coefficient against

Dean Number in inner tubes between concentric and eccentric helical coil
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Figure 4.16: Comparison of square ducts overall heat transfer coefficient against Dean

Number in inner ducts between concentric and eccentric helical coil

Figure 4.15 illustrates that the overall heat transfer coefficient increases with
increasing the Dean numbers in inner tubes of circular helical coil heat exchanger. It is
also shows that with increasing the annulus flow rates give higher values of overall heat
transfer coefficient. But when compared between concentric and eccentric, it indicates
that the circular concentric has higher overall heat transfer coefficient rather than circular
eccentric helical coil geometry. Same goes to square ducts helical coil geometry whereas
in figure 4.16, square concentric shows higher values when compared to square eccentric
in terms of overall heat transfer coefficient. It is same like circular tubes in terms of
annulus flow rates and Dean Numbers in inner tubes that will also increases overall heat
transfer coefficient. The reason is possibly that the eccentricity causes the temperature at
the wall becoming not consistence, and heat transfer turns worse in the lowering wall

temperature region compared with the eccentric one (Zhang et al., n.d.).
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4.2.1 The influence of geometry on heat transfer

Influence of heat transfer between circular concentric and square concentric cross

section is graphed in this section.
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Figure 4.17: Comparison of heat transfer performance of different cross section

between square and circular

It is show that the square concentric cross section has higher heat transfer when
compare to the circular concentric cross section. It is probably because of the square cross
section has bigger contact of surface area when compare to circular one even though the
cross section was fixed. Study from Kurnia et al. (2012) that evaluate the heat transfer
performance between several cross-sections that lead of square cross-section was higher
heat transfer when compared to circular cross-section. However, for that study the higher

heat transfer was triangular and rectangular cross-sections than others.
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4.2.2 Flow characteristics

The flow characteristics in the inner tubes of various cross-sections geometries has shown
in this section.
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Figure 4.18: Velocity contours in inner tubes of circular concentric cross-section
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Figure 4.19: Velocity contours in inner ducts of square concentric cross-section

The numerical study for flow and thermal fields were conducted on parallel flow
of helical heat exchanger with several cross-sections geometries such as circular and
square concentric, circular and square eccentric. The developments of axial velocity and
temperature fields were carried out for one turn of the heat exchanger as shown in figure
above. For axial velocity the results indicate the flow at the 180° length of curvature for
different cross-sections geometry of double pipe helical heat exchanger. Due to the effect
of centrifugal forces, the flow in the core of the pipe begins to be forced to the outer bend,
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(Kumar et al., 2006). As the axial angle increases, the unbalanced centrifugal force of the

main flow result in the change of the maximum velocity fields to the outer wall.
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Figure 4.20: Velocity contours in inner tubes of circular eccentric cross-section
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Re=500 Re=1500 Re=2300

Figure 4.21: Velocity contours in inner ducts of square eccentric cross-section

The comparison between different cross-sections geometry with fixed cross
section area has been done and the results show that the secondary flow is higher at square
cross section than circular cross section. One possible reason to this phenomena where
same Reynolds number were carried out is the cross sections that have lower hydraulic
diameter will lead to higher mass flow rate and hence higher velocity, (Sasmito et al.,
2012).
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CHAPTER 5: CONCLUSION

This project is to evaluate the performance of helical coil heat exchanger.
Therefore, the objective is to study flow characteristics and heat transfer phenomena in
helical heat exchanger. So the numerical study of tube-in-tube helical coil was performed
with various cross section geometries like circular concentric, square concentric, circular
eccentric and square eccentric double pipes helical heat exchanger. It was found that along
the curvature region, the location of maximum axial flow moves from the center of the
curved pipes towards the outer wall. It is due to the centrifugal forces from curvature that
enhance the secondary flow occurred. Even though there were different in cross section

geometries, but in the inner tubes it’s indicates same flow characteristics.

Other than that, the objective of this project is to evaluate the several parameter
affecting the performance of the helical heat exchanger. The flow rates in the inner tube
and annulus region were both varied and the co-flow configuration is tested. The
numerically simulate obtained overall heat transfer coefficient (U) for different values of
flow rate in the inner coiled tube and annulus region. It is reported that the overall heat
transfer coefficient increases with increase in the inner coiled tube Dean number for
constant flow rate in the annulus region. Similar trends in the variation of overall heat
transfer coefficient were observed for different flow rate in annulus region with same flow
rate in the inner-coiled tube. It is applied to all cross sections geometries that was studied
in this project. However, when compared the overall heat transfer coefficient between
concentric and eccentric, the result shows that whether it is square or circular, the
concentric is higher compared to eccentric. It is because the flow in the eccentric tubes
were not uniformly obtained. Besides, for different cross sections between square ducts
and circular tubes, the result show that square ducts offer higher heat transfer compared
to circular tube double pipe heat exchanger.
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5.1 Recommendations

This project may have many things to be consider about, unfortunately because of
time constrain which become limitation to fulfill the project requirement. Therefore, there
are several recommendation that can be done in future studies to ensure this project is
well done enough. First of all is the mesh independent test. It is good work to identify the
exact number of meshes needed for each geometries to ensure for getting the right result.
It will become inconsistence result if this method is neglect. In addition, this project only
done for co-flow in the helical heat exchanger. It will be good comparison if we can do at
the same time with counter-flow. We can see the correlation of performance between this

two types of flow.

Furthermore, based on this study for helical heat exchanger square cross-section,
the experimental rig should be conducted in order to verify it. So, we can find whether

the result from simulation is perfectly fit or not with experimental.

We also can improved this project by comparing with differences cross sections.
For instance, we can used side-by-side cross section and square with double triangular
inside of square cross section. It is because the triangular cross section has higher heat

transfer compared to other.

Hopefully with this recommendation will lead this project into the best

contribution in engineering fields.
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