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Abstract

The oil and gas industry is constantly and rapidly growing with new technologies and
method to mitigate problems occurred, whether at downstream or upstream. Pipeline
leakage is one of major issue faced by the industry today. Leak can be disastrous if not
detected in early stage. One of the most popular method used to detect leakage is Pipeline
Inspection Gauge, PIG. One of the biggest challenges in using PIG as leak detection is
the movement of the PIG in pipeline. Pipeline configuration can be very complex with
bends and also inclination along the way. A conventional PIG might face a problem called
“stalled PIG”. To overcome this, a free floating PIG can be used. A free floating PIG is a
type of PIG which is spherical in shape and that does not occupy the whole space in the
pipe. The main objective of this study is to identify the flow parameters needed by the
free floating PIG to be able to travel throughout the pipeline with different inclination
angle. To achieve this objectives, Computational Fluid Dynamics approach will be used.
ANSYS Fluent is used as the main method to study the parameters of PIG flow. The fluid
flow model will be created using the k-epsilon model and all the calculation and iteration
will be calculated using second order upwind. The key inputs will be the fluid type,
diameter, mass and density of the free floating PIG, and the inlet velocity. Thus, for each
inclination angle, the key outputs which are the minimum fluid velocity to propel the free
floating PIG, fluid pressure, trajectory of PIG and also the velocity of PIG have been
identified. The results is discussed as to understand how the free floating PIG behave in
the pipeline and what is the minimum velocity needed to propel the free floating PIG
through the inclination angle. To verify the simulation result, a flow loop is required. The
layout of the flow loop have been designed and must be constructed. Due to limitation of
time and resource, the flow loop construction cannot be done within the period of this
project. Another limitation on this project is the flow assurance matters. ANSYS Fluent
does not have such features to take into account the matters in the simulation. For the
future work of this project, the flow loop must be constructed and experimented to further

justify the results gained from the simulation.



Table of Contents

0O I 101 1 oo [F T (o] o SRR R 1
00 R = - Tod 1 [ 01U o SRR 1
1.2 Problem Statement..........cooiiieiiie e s 1
1.3 ODJECHIVES ...t bbb e 2
1.4 SCOPE OF STUAY ... 2
1.5  Outline Of DISSEITAtION .......ciieiieiieiesiiete et 3

2.0 LITErature REVIEW ......ccuiiieiieieeie sttt ettt nne e ene e 4
2.1 PIG and the hiStory of PIgQiNg.......cccooiriiiriiieiese e 4
2.2 Usage and importance of Pigging .......ccccovveiiiieie i 5
2.3 SIMUIALION OF PIG ....oiiiiiiieee e 6
2.4 Fundamentals of CFD model for fully-developed flow in a pipe.........c.c.......... 8
2.5  Flow assurance issues: Wax depoSition...........cccccevveveiieesieesesieeseese e sieenens 10
2.6 Free floating PIG ......covoiiiieceee et 11
2.7 Overview of SmartBall ... 11
2.8 Modes of deployment and retrieval ............cccceivieiiciiic s 12
2.9  Tracking the SmartBall............cccoooeiieiiiic e 13
2.10 Data interpretation of SmartBall................cccooiiiiiiiiic 15
2.11  SmartBall SPeCifiCation..........ccciiiiiiieii e 16
2.11  SEUCK PIG INCIAENT ..o e 17

3.0 MEthOdOIOgY ..ot s 19
3.1 Project MethodolOgy .......cccoieieiieiiiiiirieee e 19
3.2 Simulation Methodology .........cccoiiriiiiiiieiee e 21
K TR B C -1 o 1 - 1o OSSPSR 25

4.0  RESUILS ANd DISCUSSION ....ueeuviiiieieieiieriesieeieeiesiee e eee e ee e sree e eneesseesseeneesseenees 27
4.1  Modelling fluid in ANSYS FIUENT........coiiiiiiiie e 27

4.1.1  Geometries Of MOCEI ........c.coviieiiei s 27
412 IMESNING .o 27
4.2 Setup TOr MOGEL........ooiiiiee 29
4.2.1  FIUId MALEIIAIS ...ooeeeeiecie e 29
4.2.2  Simulation solution method, calculations and assumptions. ................... 29



4.3  Forces acting upon the free floating PIG ... 30

4.4 SIMUIALION TESUILS ..ot 31
441 Ol VEIOCITY ..o 31
B4.4.2 Ol PrESSUIE ... .ottt 32
4.4.3  Oil velocity to propel free floating PIG through inclination plane .......... 33

4.5  Piping layout for fIoW 100D ........ccooiiiiiiie e 41
0t R I T~ T | o SRS 42

5.0 Conclusion and ReCOMMENUALION .........coviieiiriirie e 43

5.1 CONCIUSION 1ottt bbbttt bbb b 43

5.2 LIMITALIONS ..covviieitiiie sttt b 43

5.3 ReCOMMENTALION .....oiviiviiiieiieieie ettt bbb 44

RETEIBNCES ...ttt b e bbbttt ettt bbb ere s 45
AAPPENTICES ...ttt et et et et e e e e a e e te e e e raeare e re e e ra e reenae e 48

APPENGIX | oot aaeens 48

AN o] 0100 5 | SO UPS 51

AN o] 0T To 5 1 1 OSSR 54

APPENAIX TV ot 57



Table of Figures

Figure 2.1: Pipeline failure CauSES [5]. . .vciviierieriieie it 5
Figure 2.2: Geometry of fully-developed flow in a pipe [12] ....cccccoovvveveiieiiciececiee 8
Figure 2.3: Dissection of a SmartBall [14]........ccccoveiiiieiieie e 12
Figure 2.4: SmartBall tool with foam overshell [15]. .....cccoovvviiiieiiicee e 13
Figure 2.5: SmartBall coated with polyurethane [15]. ........cccooviiiiiiiiiiiie e 13
Figure 2.6: Accelerometer Signal [15] ..o 14
Figure 2.7: SBR and Acoustic Sensor adhered to pipeline [15]........cccocevviiiiiiiininnnns 15
Figure 2.8: Leak detected in Analysis Software [15] .........ccocviiiriiniieiiieiee s 16
Figure 3.1: Project FIOW Chart...........cooiiiiiiiiiicceee e 21
Figure 3.5: Pipe geometry with 45° inclination angle.............cccocvevviiiiiieci e 22
Figure 3.9: SIMUIALION PrOCESS .....vcivveiiciiecteeie sttt e e sreesre e 24
Figure 4.1: Aspect ratio for 15° pipe gEOMELIY .......covieeieeie i 28
Figure 4.2: Element quality for 15° pipe geomMEtrY........cccevvivieieeiicieseese e 28
Figure 4.3: Forces acting on free floating PIG ... 30
Figure 4.6: Oil velocity contour for 30° pipe geOMELIY ........ccccvririiieieerieriese e 32
Figure 4.13: Oil pressure contour for 30° pipe geOMELIY.......cccuvirerieieerieieieneseseeieas 33
Figure 4.18: Free Floating PIG velocity contour for 0° pipe geometry ..........c.ccocvvvenene 34
Figure 4.19: Free Floating PIG velocity contour for 15° pipe geometry ..........c..cc....... 35
Figure 4.20: Free Floating PIG velocity contour for 30° pipe geometry ............cc.c....... 36
Figure 4.21: Free Floating PIG velocity contour for 45° pipe geometry ..........c.co....... 37
Figure 4.22: Free Floating PIG velocity contour for 60° pipe geometry ............cc.c....... 38
Figure 4.23: Free Floating PIG velocity contour for 75° pipe geometry ..........cc.ccooveveee 39
Figure 4.24: Free Floating PIG velocity contour for 90° pipe geometry ..........cc.ccoeveeeee 40
Figure 4.25: 1ISO View of Experimental Layout ...........cccooviiiiiinienicieieesc e 42
Figure 3.2: Pipe geometry with 0° inclination angle ... 48
Figure 3.3: Pipe geometry with 15° inclination angle.............cccocevviiiiiece e 48
Figure 3.4: Pipe geometry with 30° inclination angle.............cccocevvivieiicce e, 49
Figure 3.6: Pipe geometry with 60° inclination angle.............cccoccoeviiiiieece e, 49
Figure 3.7: Pipe geometry with 75° inclination angle.............cccocevviiiiece e, 50
Figure 3.8: Pipe geometry with 90° inclination angle.............ccccceviiieieece e, 50
Figure 4.4: Oil velocity contour for 0° pipe gEOMELIY ........coeririrerieieieiese s 51
Figure 4.5: Oil velocity contour for 15° pipe geOMELIY ........ccccvvererieieerienene e 51
Figure 4.7: Oil velocity contour for 45° pipe geOMELrY ........cccvvireiieieeiienene e 52
Figure 4.8: Oil velocity contour for 60° pipe geOMELrY ........ccccvvererieieriieiese e 52
Figure 4.9: Oil velocity contour for 75° pipe geometry ........ccceevvviiievieiieecie e 53
Figure 4.10: Oil velocity contour for 90° pipe geoMetry .......cccveviviiievie i 53
Figure 4.11: Oil pressure contour for 0° pipe geOMELIY........ccvvveiieiiieiie e 54
Figure 4.12: Oil pressure contour for 15° pipe geometry........ccccovvvvievieivieesiiessee s 54
Figure 4.14: Oil pressure contour for 45° pipe geOMELIY........ccovvvrvrieieeiieiene e 55

iv



Figure 4.15: Qil pressure contour for 60° pipe geomMetry........cccccvevvivieiveresieeseeseeeenns 55

Figure 4.16: QOil pressure contour for 75° pipe geometry........cccovvevvevieieeresrieseeseenenns 56
Figure 4.17: QOil pressure contour for 90° pipe geometry........ccovvevveiieriveriesieeseese e 56
Figure 4.26: Top View of Experimental Layout ...........cccocciiiiiiinienieiieesc e 57
Figure 4.27: Front View of Experimental Layout ............cccoiiiiininiciiieesc s 57
Figure 4.28: Side View of Experimental Layout.............ccccoviiiiiniiniciiieec s 58



List of Tables

Table 1: Pipeline parameters [9]......ccciioiiieceee e 7
Table 2: Tool characteriStiCS [16]......c.civveriiiiieiieieeie e 16
Table 3: Operating enVIronNMENt [L16] .......ccvcoveiieieiieiiece e 17
Table 4: Detection capabilities [16] .......cccooiiiiiiiiiiee e 17
Table 5: MESH SEALISTICS ....eeveiiieiieeieeie et 29
Table 6: SUMMArY OFf RESUILS ......ccviiieiiec s 41
Table 7: Bill Of MaterialS .........cccoiiiiiiieicie e s 42

Vi



CHAPTER 1

1.0 Introduction

1.1  Background.

Leak in pipelines are serious matter and should not be treated as minors. A single leak in
a pipeline can contaminate large area within a day. Taking a tragedy on July 2011, the
article provided by Reuters, Exxon Mobil’s Silvertip pipeline leaked 1500 barrels of
crude into the Yellowstone River on a single event [1]. According to a solution provider
company, KHRONE, a leak of 1% in a 20 inch line can cost 450000 barrels and
contaminate 10 square meters within 24 hours [2]. Due to these two facts, it is important

to put extra attention on pipeline leakage problem.

Pipeline Inspection Gauge, PIG is a device that has been widely used in the oil and gas
industry nowadays. This device is use mainly to assist several aspects regarding on
pipeline. Free floating PIG is a type of free floating device that is spherical in shaped and
does not occupy all the spaces of diameter of the pipeline and the movement is highly
dependent on many aspects such as pressure, inclination angle, temperature and type of
fluid.

Therefore, a thorough study needed to be conducted on the importance parameters for the
PIG to enable it to travel and this is where simulation comes in hand. The method that is
adopted is the Computational Fluid Dynamics (CFD) program by using ANSYS Fluent
software to study the flow of the PIG with different inclination angle of pipeline.

1.2 Problem statement

The movement of the free floating PI1G in the pipeline can be very challenging. One of
the reasons is because pipeline designs and configuration is highly complex. Pipelines
will have changes of inclination angle and the variation of the angle flow will lead to
changes is many parameters, especially the pressure and velocity. This will limit the free
floating PIG to propel through the inclination. Similar problems are being encountered,
other than varying degree, are pipeline size, location and also type of crude product being

transport in the pipeline. Failure in determining the parameters will create “stalled” PIG



[3], which is a problem normally faced by a conventional PIG that occupied the whole

space in the pipe.

Since leak is a persistent issue, thorough research needed to be done on free floating PIG,
in this case the movement of free floating PIG on variation of inclination angle. One of
the challenges faced in this project is to determine the exact parameters and also

simulating to the nearest actual situation as possible.

1.3 Objectives

The objectives of this project were:

e To determine the minimum velocity to ensure the free floating PIG will be able
to travel through the variations of inclination angle.

e To simulate the movement of the free floating PIG with the parameters identified
by using ANSYS Fluent software in the pipeline.

e To design the layout of the flow loop and construct the layout to experiment the

free floating PI1G in pipeline.

1.4 Scope of Study
The main scope for this project was the minimum velocity needed to propel the free
floating PIG through the various inclination angle along a pipeline. In order to achieve it,

the project focused on:

e Necessary parameters that will affect the flow and movement of the PIG along the
pipeline.

e A simulation that can convey the movement of the free floating PIG along the
pipeline and determined the minimum velocity to propel the free floating PIG
through the variation of inclination angle.

e Layout design and construction of a laboratory scale experiment based on the

simulation done.



1.5  Outline of Dissertation

In this dissertation, Chapter 2 talked about the literature studies that have taken place in
this project. In Chapter 3, further discussion on the methodology used in achieving the
objectives. From the methodology, Chapter 4 focused on the results and discussions
involved. Chapter 5 is the conclusions, limitations and recommendations made from the

output of the entire project.



CHAPTER 2

2.0  Literature Review

The main study for this proposal is about modeling and simulating a free floating PIG for
different inclination angle using CFD. It is very motivating to be in the dynamic team to
study about the mentioned subject as the whole team is focusing on the system for
pipeline leak detection. The team consists of two major parts which is experimenting on
the mechanism for leak detection and also the movement of the PIG in the pipeline.
Thorough study needs to be done in order to gain more knowledge on the PIG flow to
make the team a success both theoretically and practically.

In this section, there are several literatures from all sorts of materials to assist in
developing the study and to gain a precise result in order to achieve the goal and

objectives set before.

2.1  PIG and the history of pigging

PIGs are devices that are inserted into, and travel throughout a pipeline, driven by a
product flow. Normally, PIGs fall into two categories namely ‘utility PIGs, which
performs functions such as cleaning, separating or dewatering the pipeline, and in-line
inspection. The other category is ‘ILI tools’ or some might call it ‘intelligent PIGs’ or
‘smart PIGs’, which performs functions such as providing the information on the

condition of the pipeline as well as the extend and also the location of the problems.

The history about pigging is still lacking of full truth, but many reference come out with
a conclusion that the first pigging operation took place around the year of 1870, a few
years after Colonel Drake discovered oil in Titusville, Pennsylvania. Another story
regarding the history of pigging was dated back in 1940 when a 4 inch steel gas line was
installed in Montana. PIG got its name when a pipeline cleaner at that time heard the “pig

squeal” noise [4].

At that time, the functions of PIGs are very limited to cleaning. Nowadays, the demands

of intelligent pigging are very high since this is one of the best alternatives to perform



various operations in the pipeline. Engineers are doing many researches to enhance the
functions of PIGs.

As the technology of pigging grows, it has evolved from measuring and record
information used to assist pipeline integrity and also the defects to a more sophisticated
technology. Some of the examples are corrosion, weld defects and cracks detection,

location verification, commissioning and also leak detection.

2.2  Usage and importance of pigging

Since pigging can perform many functions on pipeline, it is vital for us to know the
importance of pigging. Time, deterioration and corrosion of any ageing pipeline
infrastructure will significantly increase the probability of pipeline failures, according to
industry trends. A data was presented at the Pipeline and Integrity Conference in Houston,
USA in 2005 regarding this topic. It was said to be 65% of all pipeline failures are caused
by corrosion. The consequences include environmental impact, worker and public safety
issues, clean-up cost, unscheduled downtime due to repairs and maintenance cost [5].

Figure 2.1 below shows the pipeline failure causes.

DEFECT SOURCE: Pipeiine & Integrity conference Houston 2005

INCORRECT OPERATION
OUTSIDE FORCE
ELECTRICAL DISTORTION

370 PARTY DAMAGE

EQUIPMENT FAILURE (VALVES)
CONSTRUCTION DEFECTS

MANUFACTURING DEFECTS

SCC (Stress)

INTERNAL CORROSION

EXTERNAL CORROSION

o T T T 1 T U 1
5% 10% 15% 20% 30%  35%

Figure 2.1: Pipeline failure causes [5].

Since it is important to keep the pipeline clean, the PIGs can also act as cleaning device
to clean up the pipeline to avoid further damage such as corrosion and leakage. In oil
pipelines, they are used to manage the build-up of deposits such as wax. On the other

hand, in gas pipelines, they are used to control liquid inventories [6]. The operation will
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take place depending on severity of the application. It can vary from hours, weekly or

monthly.

Some of the known capabilities are position fixing, component identification, pipeline
mapping, dent detection, wax detection, condition assessment and trend monitoring. It
can benefit the company in many ways. Furthermore, based on [7], Pigging helps keep
the pipeline free of liquid, reduce the overall pressure drop and increase the pipeline

flow efficiency.

In practice, PIG velocity is dictated by pipeline flowrates and the process condition,
making the operator have little control on this. According to [18] also, the drop in PIG

velocity can cause several problems such as:

e Sub-optimal removal of free water and debris
e Increased risk of “stalled PIG”

¢ Significant increase in PIG run time

e Increased in potential of “mis-launch”

e Increased difficulty in PIG receipt

Therefore, it is critical to design the operation of the PIG in the pipeline carefully to
prevent the above matters. One more factor often overlooked is the calculation of “PIG
bypass”. This PIG Bypass is one of the most important factor to be consider with regard
to velocity of the PIG and maintaining the optimal differential pressure across the PIG.
Pipelines need to be design with a number of bypass so that the operator have the

facility to alter the PIG configuration thus affecting the PIG velocity significantly.

2.3 Simulation of PIG

In order to be able to detect leak, the PIG must be able to move from one point to another.
Unfortunately, pipelines are complex configuration and it involves a lot of obstacles such
as different in inclination angle. In this situation, simulation of PIGs played vital role in
order to know the correct parameters of flow so that the PIG can travel from the launcher

to the receiver.



Pigging simulation study has already been carried out from the 1950s [8]. By this time, a
more complex study on simulation has been made to improve PIG technology. There are
many reasons why simulation of PIG is very important. One of it would be the implication
of improper pigging operation can seriously affect the normal operation. Therefore,
detailed pigging simulation is very important. Because of the complication of flow
mechanics of pigging operation, no standards or codes are available for pigging operation

parameters selection [9]. Below is a sample of table of pipeline parameters.

Table 1: Pipeline parameters [9].

Parameter Unit 22-in Pipeline
Total Pipeline Length km 79

Riser Height M 45

Nominal Diameter in 22

Wall Thickness in 1.0

Internal Wall Roughness in 0.0018

According to [10], in regards with the flow direction, pipelines can be roughly classified
into two types: unidirectional (non-reversible) and bidirectional (reversible) lines. Non-
reversible pipelines are the commonly used in the oil supply chain. Lots of crude oil is
transported from oil fields to refineries, while refined product batches flow from
refineries to distribution centers near dense population area. Sometimes, however, refined
products pipelines are used to exchange products between refineries, distribution centers
or harbors in both directions. In those cases, the construction of a pair of unidirectional
lines working in opposite directions is economically unjustified due to the high

investment cost, and reversible pipelines appear as a less expensive alternative.

CFD simulation can also give many advantages. First of all, there is no physical
experiment needed in order to justify the parameters that were tested for the PIG
movement in the pipeline. Also, numerical simulation can provide detailed information
on the hydrodynamic of oil flow, which is not easily obtained by physical experiments
[11].



2.4 Fundamentals of CFD model for fully-developed flow in a pipe
To understand the propulsion created from the fully-developed flow by the fluid in a pipe,
the fundamental principle must be understood first. According to [12], the governing

equation for fully-developed flow in a pipe is:

ud du dp H
;;(r E) -Z=0 (Equation 2.1)

Where u is the velocity components along the pipe axis in x direction, u is the dynamic

viscosity and p is the pressure.

For the boundary condition, the equation is:
3—1: lr=0=0  (symmetry) (Equation 2.2)

u(R)=0 (no slip) (Equation 2.3)

Figure 2.2 shows a simple geometry of a round pipe with radius R.

Yooy
enlarged view Ar o

of 0<r<R T —————— or

r //’_________II !__-" ¥ 3 e
. s |v,-" ——————
x ™ Ze
2R — — 0 -

One-dimensional.
Pipe geometery finite-volume mesh

Figure 2.2: Geometry of fully-developed flow in a pipe [12]

Equation 2.1 is subjected to the boundary condition which is:



u(r) = R—Z(— Z—Z) [1 - (%)2] (Equation 2.4)

4u

From Figure 2.2 also, the maximum velocity in the pipe is located at its centerline. The
preceding formula for r = 0 is evaluated and gives:

R? ] .
Himax = (— ﬁ) (Equation 2.5)

When the flow is moving in positive x direction, z—z < 0. To gain a more compact
expression for the velocity profile, Equation 2.4 and Equation 2.5 is combined giving:

r

1) = Umax [1 — (E)Z] (Equation 2.6)

Therefore, the average velocity in the pipe is

Have = 5 J, wdA=—[“u2mrdr (Equation 2.7)
R 2
_ Umax r
=rz j; [1—(5)]rdr
= Hmax (Equation 2.8)

2

The shear stress at the wall is given as:
da .
T, =l |(d_z>r=R| (Equation 2.9)

For equation 2.9, it is necessary to put the absolute sign since Z—: is negative at wall. Using
Equation 2.6 and Equation 2.9 gives:

T, =l |— (Zu%)r:;J = % (Equation 2.10)

By using the definition of Darcy Friction factor which is:

8Ty

2
PUgpe

f= (Equation 2.11)

Equation 2.10 is substituted in Equation 2.11 which gives:

_ 32p 64 .
fpipe = ok Re (Equation 2.12)
Re = £rave? (Equation 2.13)

u



Where Equation 2.13 is the Reynolds number.

The calculation involved are the fundamentals affects that acting on the fluid that is fully-
developed flow in a pipe. Forces such as velocity, shear stress and also friction played a
role in determining the flow of the fluid in a pipe. Boundary wall is the where the

minimum velocity occurred.

2.5  Flow assurance issues: Wax deposition

One of the main issues that will affect the fluid flow and the movement of the free floating
PIG is flow assurance related issues. A journal from [19] have an experimental results on
wax deposition study from the establishment of an experiment loop. It is a method to
determine the thickness of the wax deposition. The experiment take into account the
impact of immediate decrement of temperature at the wall section which eventually leads
to two problems which are increasing of the viscosity of the crude oil near the pipe wall

and the distortion of the flow field in the pipe.

As time goes by, the wax deposition of the crude oil will eventually makes the flow area
smaller and smaller. This will influence the transportation capacity within the pipeline.
There are two main roles of the wax sedimentary layer during transportation. First, the
wax sedimentary later will cause the thermal resistant to be higher, thus decreases the
heat loss of the crude in the pipeline when flowing. Second, the wax sedimentary layer
will make the flow area smaller as time goes by, thus increases the flow resistance that
will cause the transportation pressure to increase. Sometimes, the wax sedimentary layer
can become too think that will eventually lead to “paraffin blockage” during conventional
pigging. This can also affect the flow of the free floating PIG if the wax sedimentary layer

is too thick.

From journal [20], the removal of deposited wax is required to solve the problem
regarding the reduction in flow rate within the pipeline. Once the crude oil within the
pipeline is below the Wax Appearance Temperature (WAT), it can lead to gelling and
inhibits the flow by causing significant non-Newtonian behavior and increase the

effective viscosities as the temperature of a waxy crude oil approaches its Pour Point [21].

10



2.6 Free floating PIG

From a published manuscript by [13], a free floater is considered as the latest technology
used in leak detection for water and oil pipeline as it can maneuver through an unpiggable
pipeline. A pipeline is considered as unpiggable for number of reasons. Some of the
reasons are diameter changes, small radius bends, product type, tees joints and branch

line. Each of the limitation present a unique challenges for inspection process.

Free floaters is a device that primarily detects leaks and appurtenance. The mechanism of
tracking is within the pipeline. It basically using external receivers and an internal tri-

axial accelerometer.

The free floater is bidirectional which allow the product in the pipeline or other media to
propel forward to the receiver or backward and return to its launch area. A better
understanding can be achieve in understanding the single or multiphase threats that can

help to assess the integrity of the pipeline system.

2.7 Overview of SmartBall

SmartBall is a type of free floating P1G and a type of inline inspection technology based
on acoustics. Pressurised pipelines with leaks will produce a distinct anomalous acoustic
that can be detected by SmartBall [14]. During the journey of the SmartBall along the
pipelines, it will record the acoustic activities that can be analyzed once the SmartBall is

retrieved.

SmartBall usually consist of two main parts, which are first, the aluminum alloy core that
contained a power supply, electronic components and instrumentations such as an
acoustic sensor, tri-axial accelerometer, tri-axial magnetometer, GPS synchronized
ultrasonic transmitter and temperature and pressure sensor. Another main part of
SmartBall is the outer shell that act as the protective cover for the components and it is
usually made out of polyurethane. The outer shell also will act as noise reducing agent
that the movement of the SmartBall produce. It can also help in the movement of the

SmartBall in the pipeline.

SmartBall is designed to be smaller than the diameter of the pipeline it travels because

this free floater PIG depend highly on the propulsion and the fluid flow in the pipeline,
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unlike any other normal PIGs that sometimes have their own driving force [14]. Figure

2.3 shows the cross sectional of a free floating PIG.

Aluminum Core | | Foam/Polyurethane Layer

Figure 2.3: Dissection of a SmartBall [14].

2.8 Modes of deployment and retrieval

Typically, for a pipeline with diameter of 16 inch or larger, the method used to deploy is
by using the PIG launcher. The protective outer foam shell encapsulate the aluminum
core thus creating a larger surface area for product flow to make contact and to enable the
device to propel throughout the pipeline. For pipelines ranging from 4 inch to 14 inch in
diameter, the method used to deploy is by using the receive fittings. The aluminum core
is encapsulated in polyurethane coating. The polyurethane coating and outer foam shell
are both act as an assistance to reduce low frequency ambient noise that is typically
present in the pipeline. Figure 2.4 and Figure 2.5 shows the SmartBall coated with foam
and polyurethane.

After the SmartBall have been deployed into the pipeline, it will be then captured at
downstream. The location of the SmartBall is tracked at known bench marked location
during inspection along the pipeline. This is to correlate the inspection data with position

along the pipeline.
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Figure 2.5: SmartBall coated with polyurethane [15].

2.9  Tracking the SmartBall

This is one of the most critical aspect of the SmartBall. Important acoustic anomalies such
as leaks can be located by tracking the position of the SmartBall. The rotation of the
SmartBall is recorded by the on-board accelerometer, which is used to determine the
angular velocity of the SmartBall. As the device travel through the entire pipeline, the
angular velocity is then used to determine the velocity profile of the device. Figure 2.6

below shows the accelerometer signal showing the rotation of SmartBall.
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Figure 2.6: Accelerometer signal [15]

The data can give a precise location of any recorded anomaly as it is aligned with the
acoustic recordings. Establishing the reference point can significantly improve the
precision of leak detection. The reference point mentioned is in a form of markers that
are installed along the pipelines. Below is the 2 devices that are commonly used as

markers:
SmartBall Receivers (SBRs):

This device is placed at number of places along the pipeline. It main function is to detect
ultrasonic pulses emitted from SmartBall. The SBR calculated the approximate location
of the ball by measuring the time it takes for the pulse to travel from SmartBall to SBR.
As SmartBall passes SBR, a discrete point will be provided where, at the moment, the
location of the ball is known. This correlated to the acoustic data and used in locating the

leaks. Figure 2.7 shows SBR and acoustic sensor being adhered to a pipeline.

14



Figure 2.7: SBR and Acoustic Sensor adhered to pipeline [15]
Above Ground Markers (AGM):

Any commercially 22Hz benchmarking device can be used as a tool to inspect. Directly
above the pipeline lays the AGM so that the Global Positioning System (GPS) of the
SmartBall will measure the 22Hz signal emitted by the SmartBall that can able it to log
the passage time. AGM provide a checkpoints to be used in the data analysis and also

help in locating leaks or other anomalous signals.

2.10 Data interpretation of SmartBall

An acoustic signal will be produced by a leak in a pressurized pipeline as the pressurized
product contained in the pipeline escaped into the lower pressure atmosphere outside the
pipeline [14]. SmartBall will continuously record the acoustic data as it transverse
throughout the pipeline. The data will then be analyzed after tool extraction to enable any

leak associated activity to be identified along the pipeline.

In the leak analysis software, the acoustic signal will be at the very peak when the
SmartBall passes the original point of leak. It will then be gradually reduce once the
SmartBall continues to travel away from the leak. A typical acoustic signature resulting
from a leak is shown in Figure 2.8.
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Figure 2.8: Leak detected in Analysis Software [15]

2.11  SmartBall specification
In order to simulate the real life situation of the flow, the SmartBall sizing and

specification from Pure Technologies SmartBall catalogue is adopted. The specifications

are as below:
Table 2: Tool characteristics [16]
SmartBall®
4” 6” 8” 10” 12”
Diameter
Outer Diameter 3.15” 5.3 7.125” 8.75” 10.75”
of Tool (80 mm) (135 mm) (180 mm) (220 mm) (275 mm)
Suitable pipe 4 6 8 10 12
diameter (100 mmy) (150 mm) (200 mm) (>250 mm) (>300mm)
Lithium o
Power Source . Lithium rechargeable
primary
Maximum Run
. 29.5 hours 55 hours 115 hours 115 hours 400 hours
Time
Memory
) 4GB 32GB 32GB 32 GB 128 GB
Capacity
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To suits the needs of the competitive market out there, SmartBall can operate in many
conditions. The operating environment pressure can reach up to maximum of 138 bar and
the range in temperature is high. Other than that, SmartBall can also operates in various
pipeline product such as crude oil, synthetic crude, refined products, natural gas and many

more. Below is the table showing the operating environment of the SmartBall.

Table 3: Operating environment [16]

Maximum Pressure 138 bar (2000 PSI)

Temperature Range -10Cto70C

Pipeline Product Crude Oil, Synthetic Crude, Refined
Products, Natural Gas, NGL’s and DilBit

In order for SmartBall to detect leak efficiently, it will need a high level of detail to
perform even on a small leak. The battery lifespan must also be large to withstand the

long pipeline throughout the inspection. Below is the detail capabilities of the SmartBall.

Table 4: Detection capabilities [16]
Locates leaks as small as 0.016 GPM (0.06
LPM)

Level of Detail

Duration Can be deploy up to 400 hours

2.11 Stuck PIG incident

A various number of lessons can be taken from the tragedy of stuck PIG in the BP
deepwater Gulf of Mexico Marlin Tension Leg Platform (TLP) oil export pipeline on
June 11, 2004. The fact that a shutdown must be perform to retrieve a stuck PIG can give
a negative impact and also a huge lost to the company. The PIG was said to be stuck 9
miles from Marlin TLP in 1200 fleet of water depth and from the report, the PIG was

successfully retrieved 10 days later [17].
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There are various factors contributing to the stuck PIG event. From the technical paper
[17], it was stated that the heat was lost to surrounding seawater. This causes the fluid
temperature to drop below its WAT. The pipe wall has the lowest temperature along the
pipeline, thus making the heavy molecular weight paraffinic hydrocarbons to begun
solidifying and deposited on the pipe wall. Over time, it gives an exponential pressure
drop due to reduction in the flow diameter and this also will increase the roughness of the

pipe. It will also cause the increment of backpressure and low flow rate.

There are many lessons that can be learnt from this particular event. From the paper [17],
it is stated that even though there was active communication amongst the team, there was
no Management of Change (MOC) written after the suspending pigging operation was
decided to delay before shut down. On top of that, an alternative strategy or protocol
should have been ready for such case as PIGs could not run for any reason. The team
should also come out with a better design of PIG launcher and receiver valve since it is
one of the critical components to the operability of an offshore facility and usually

required a complete platform shutdown in order to replace the valve.

To summarize, the findings from the literature studies such as the fundamental of
fully developed flow in a pipe, wax deposits in flow assurance matter, free floating PIG
and also the all about the SmartBall gives a rough understanding to pursue the objectives.
This also allows the project to proceed to the methodology in Chapter 3 and then helped

in the results and discussions in Chapter 4.
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3.0

CHAPTER 3

Methodology

A sequence of methodology have been set to achieve the objective of this project. The
methodology compromises of two parts which are the project methodology as a whole
and the methodology of the simulation.

3.1

Project methodology

The following are the methodology constructed.

1.

Identifying the problems.

a.

In order to initiate the research, the problems need to be identified.
Identifying the right problem will direct the research to a more accurate
target rather than going blindly. For this paper, there are some problems
identified. The main concern of this research is on the movement of the
free floating PIG in a pipeline with different inclination angle. This can
enhance the pipeline leak detection work and avoid stalled PIG in the

middle of the pipeline.

Identifying the objectives and scope of study.

a.

A specific objectives need to be underlined that will link to the problem
stated so that a proper goal can be achieved. Also, the scope of study needs
to be set in order to specify the research.

In this case, a sets of objectives and scope of study for this project is
identified. One of the objectives would be identifying the parameters that
will affect the movement of the PIG in the pipeline with different
inclination angle. The study would be focused on the PIG and also the

pipeline.

Gathering information

a.

Once the objectives have been set, the information must be gathered as
much as possible before undergoing the simulation. The source of research

would mostly be from material related to the field such as articles,
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journals, research papers, conference papers and books. This can ensure
that this project will portrait as much knowledge as possible.

b. For the parameters related to the flow, the studies will be consulted by
engineers from the industry. The information and data are gained from the
real life situation pipeline.

Designing and simulating the movement of PIG

a. From the previous data obtained, the parameters need to be ensured as
genuine and the PIG will be able to move in different inclination angle of
pipeline. This can be seen from the simulation of the PIG using CFD
program, specifically ANSYS Fluent.

Interpreting data

a. Once the simulation is done, the data gained will be interpreted. This is
important to determine the output of the simulation.

Design layout for laboratory scale experiment and construct experiment on the
movement of PIG with different inclination angle

a. The data gained from the simulation will be used for the experiment. A
layout will be designed and also constructed. A pipeline will be replicated
and also the parameters of the PIG will be set to enable the experiment on
the movement of the PIG to be done, theoretically and actually.

Conclusion and Recommendations

a. Based on the output of the simulation and also the experiment, a
conclusion will be produced to conclude the research done on the
movement of free floating PIG in a pipeline with different inclination
angle. The decision will be made whether the output has met the objectives

of this study.
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Figure 3.1: Project flow chart

3.2 Simulation Methodology

The simulation tool that have been chosen to use in this project is ANSYS Fluent. In this
section, the steps to simulate the flow of the fluid in the system will be explained. One of
the main objective is to know the minimum velocity needed to propel the free floating
PIG through the inclination angle and also the trajectory of the fluid and free floating
P1G. The fluid used would be oil flowing along the pipeline. The flow in this simulation
is expected to be fully developed and Lagrangian reference frame is used to analyze the

model.
Step 1: Modeling geometries

There are 7 inclination angles chosen which are 0°, 15°, 30°, 45°, 60°, 75°, and 90°. The
pipe diameter is set to be 4 inch and the length of the pipe is 1 meter at each section of
the pipe. The model of geometry for 45° angle is shown in Figure 3.5. Refer Appendix |
for figures of other angles.
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Figure 3.5: Pipe geometry with 45° inclination angle

Step 2: Meshing the geometry

Meshing is one of the most important aspect of the simulation as it will determent the
accuracy of the simulation. The more numbers of cell created on the geometry, the more
accurate it will be. Nonetheless, it will take a longer time to get the simulation done if the

meshing is very fine and high quality.

For the setup of meshing, the option chosen is to turn on the Advance Size Function to
Proximity and Curvature as all of the geometries used in the geometry that have a
curvature and a degree of inclination. This will mean that at the curve, the meshing will

be more accurate and creating the cells with angles.

For the method of meshing, the option chosen is to use Cut Cell method to increase the
percentage of accuracy by creating hexahedral cells. The inflation zone is also added that

will create a better meshing at fluid with are near the pipe wall.

In order to know the accuracy and the quality of the meshing, two main criteria that need
to take into account is the Aspect Ratio and also the Element quality. These two aspects

will be explain further at Chapter 4 of this report.
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Step 3: Setup of the parameters and solution

After the meshing has been done, the parameters need to be inserted. The gravity is set to
be -9.81 m/s as it is the most important aspect of the simulation. The fluid will now be
affected by the gravity. The density of oil is chosen in the oil database contained in Fluent
where the oil have a density of 830 kg/m? and has a constant viscosity of 0.00332 kg/ms.
The method used to solve the problem of free floating PIG propelling through an

inclination angle will be discussed further in chapter 4.

The main thing that have been manipulated in this simulation is the initial velocity of the
oil at the inlet. The simulation will start from 0.5 m/s for the initial velocity and if the free
floating PIG was unable to propel through the inclination, the setup for the fluid velocity
will be increased with an increment of 0.1 m/s. The steps will be repeated until the ideal

initial velocity have been achieved.
Step 4: Results of simulation

The four main output from the fluid simulation are the minimum fluid velocity to propel
the free floating PIG, fluid pressure, trajectory of PIG and also the velocity of PIG. From

these key output, the objective of this project was achieved.
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Figure 3.9: Simulation process
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3.3

Gantt chart

Project timeline (FYP 1: Sept 2014 — Jan 2015)

NO

TASK

1.0

Project study

1.1 FYP title selection

1.2 Introduction

1.3 Methodology

1.4 Research work

1.5 Submission of extended proposal

2.0

Project preliminary

2.1 Confirmation of tools and parameters

2.2 Study on modeling and simulation software
(ANSYS)

2.3 Background study on inclination angle effects
on PIG

2.4 ldentify parameters to achieve objectives

3.0

Project execution

3.1 Design the PI1G and the pipeline

3.2 Run simulation

4.0

Project analysis

4.1 Data collection from simulation

4.2 Data analysis
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5.0

Project experiment

5.1 Flow loop layout design

5.2 Bill of material and assembly

drawings

5.3 Vendor dealing

6.0 | Project finalization
6.1 Conclusion and recommendation
6.2 Project report
Progress . Milestone .
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CHAPTER 4

4.0 Results and Discussion

4.1  Modelling fluid in ANSYS Fluent
4.1.1 Geometries of model

In order to determine whether the free floating PIG can travel from one end to another,
the project used 7 different inclination angles which are 0°, 15°, 30°, 45°, 60°, 75° and
90° of the 4 inch diameter pipe. The values chosen is because the path of the pipeline will
be complicated and it is important to know at which velocity the free floating P1G should

travel in order to pass through the inclination angles mentioned.
4.1.2 Meshing

Meshing will determine the accuracy of the simulation. The smaller the cell, the more
number of cell will be produce on the geometry thus creating a more detailed simulation.
Two key factors that need to be considered during meshing are:

1. Aspect ratio
2. Element quality

Aspect ratio:

Defined as the ratio between the longest dimensions to the shortest dimension of the
quadrilateral element in the mesh. It can be a form of judgment on the quality of the mesh
whether the mesh contained many errors or not. If the value of the aspect ratio is big, the
simulation is said to be less accurate. Based on Figure 4.1, most of the aspect ratios gained
for 15° geometry are in between 1.16 and 2.5. This shows that the simulation done is
within the acceptable range of accuracy. It must be kept less than 5 [22]. This also applied

to all of the geometry.
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Figure 4.1: Aspect ratio for 15° pipe geometry

Element quality:

Element quality can also be a form of judgment on the quality of mesh. Element quality
basically determine the quality of the mesh. A high percentage of element quality will
yield a better accuracy thus producing a reliable result. Based on the Figure 4.2, it is
shown that most of the element in the geometry have more than 88% quality which shows

that the simulation is at the acceptable range. This also applied to all of the geometry.
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Figure 4.2: Element quality for 15° pipe geometry
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Table 5: Mesh statistics

Inclination Number of nodes Number of elements Average element Aspect ratio
Angle quality

(degree, °)
0 123000 118558 0.6273 3.5470
15 1420288 1450626 0.7620 2.6734
30 159259 170384 0.6253 3.6455
45 226334 242574 0.6453 3.4839
60 433645 455227 0.6551 3.4401
75 486707 490363 0.6705 3.3309
90 2051650 1932039 0.7188 2.9422

4.2  Setup for model
4.2.1 Fluid materials

The fluid type chosen for the simulation is oil. ANSYS Fluent have a preset fluid type
which denoted as gas oil liquid. The fluid is set to be 830 kg/m3 in density and has a
constant viscosity of 0.00332 kg/ms.

4.2.2 Simulation solution method, calculations and assumptions.

Solution method is the setup for the user to choose to instruct ANSY'S on which solution
must it use to solve the problem. In this case, the most common scheme used which is the
“SIMPLE” scheme as it is suitable for incompressible fluid flow is chosen. For the
gradient, “Least Square Cell Based” is chosen as the simulation is about incompressible

and single phase flow.

To simulate the movement of a ball-like PI1G, Discrete Particle Method (DPM) is chosen,
a solution that is designed to track the trajectory of the particle in a fluid flowing motion.
DPM uses Lagrangian reference frame as the main reference. Lagrangian point of view
of fluid flow is that the position and also velocity of individual particle is tracked

independently. This can be interpreted as each particle have its own X, y and z coordinate.

In this simulation, the flow is assumed to be fully developed. DPM uses equation 4.1 to

calculate the movement of the free floating PIG.
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Equation 4.1 is the particle force balance equation, which is the main part of DPM theory

whereby the trajectory is being calculated by integrating the equation.

Particle parameters have been set according to the parameters of the free floating PIG
such as the diameter of the PIG, the density of the PIG and also the flow rate it is travelling
to simulate the situation as close as possible. The numerical solution in DPM is set to be
Trapezoidal, which is one of the higher method and higher accuracy to simulate the

trajectory of the PIG.

4.3  Forces acting upon the free floating PI1G

In order to understand the contours produced by the velocity of oil and also the velocity
of the trajectory of free floating P1G, we must first understand what are the forces acting
on the free floating PIG. Figure 4.3 below illustrates the forces that are acting on free

floating PIG during the flow in the pipeline.

Buoyant Force

t Lift Force

Drag Force

Direction of fluid
flowing and

SmartBall

Figure 4.3: Forces acting on free floating PIG

Gravitational
Force

First and foremost, the common gravity and buoyancy force acting on the free floating
PIG are constant. As depth increases, the pressure will increase. Therefore, buoyancy
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force is created due to the difference in pressure of the top side of the free floating PIG
and the bottom side of the free floating PIG thus creating the upward thrust for the free
floating PIG.

In contrast, the flow condition will affect the lift and drag force of the free floating PIG.
Lift force is the force acting perpendicularly upward on the free floating PI1G, relative to
the motion of the fluid flowing. The cause of occurrence is due to the difference in
pressure from the opposite side of the free floating PIG due to fluid flow past the object.
On the other hand, drag force is a force created due to the resistivity acting on the free
floating PIG moving through the fluids.

By increasing the velocity, the upward forces will be increase thus overcoming the

downward force which will enable the free floating PIG to propel through the inclination.

4.4 Simulation results

Below is the list of results obtained. The three types of results are:

1. The oil velocity contours
2. The oil pressure contours

3. The oil velocity to move free floating PIG through pipe inclination
4.4.1 Oil velocity

Based on the simulation that have been done, there are separation region at the bend for
every geometry that have been simulated. This is because when fluid flows to pipe bends,
there will be a radial force acting inward on the flow. This may cause centripetal
acceleration and inertia thus producing a turbulent flow at most of the bends. The inertial
affects also causes the oil flow to move faster. Figure 4.6 shows the oil velocity contour
for 30° pipe geometries. Refer Appendix Il for the oil velocity contours for other

inclination angles.
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Figure 4.6: Oil velocity contour for 30° pipe geometry

As viewed in Figure 4.6, it is seen that the high velocity region is in the middle of the
pipe and the fluid region near the wall have a lower velocity. This is due to the friction
loss between the oil and the wall. Figure 4.6 also shows that the separation region
occurred at the pipe bends. This also applied to other inclination angle. From the

observation made, when the inclination angle is higher, the separation region is bigger.
4.4.2 Oil pressure

Based on the simulation that have been done, it seems like there is a significant change
in pressure from the inlet to the outlet. Another observation made is that the high pressure
region always occurred at the pipe bends. A sudden change in direction have caused
inertial effect thus causing a high impact collision between the oil and the wall of the pipe
bends. Figure 4.13 shows the pressure velocity contour for 30° pipe geometries. Refer

Appendix I11 for the oil velocity contours for other inclination angles.
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Figure 4.13: Oil pressure contour for 30° pipe geometry

From the observation in Figure 4.13, the inlet pressure is higher than the outlet pressure.
This is due to the inclination and also the distance that the fluid have travelled. The bends
experienced most of the pressure. The higher the inclination angle, the higher pressure

experienced at the bends.
4.4.3 Oil velocity to propel free floating PIG through inclination plane

In this section, the minimum oil velocity to impulse the free floating PIG so that it can
move through the inclination have been identified. Free floating PIG differs from other
conventional PIG because it does not occupy the whole inner diameter of the pipe. It also
does not rely on pressure to move along the pipeline. For this simulation, the initial speed
of the free floating PIG is set to be 0 m/s to illustrate the actual situation of free floating

PIG which rely exclusively on the propulsion of oil.
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Figure 4.18: Free Floating PIG velocity contour for 0° pipe geometry

Figure 4.18 illustrates the trajectory of the free floating PIG at a 0° inclination propelled
by the flow of oil. The inlet velocity of oil in this simulation is 0.5 m/s and as it can be
seen from the result, the free floating PIG is able to move from the inlet to the outlet of
the pipe. Based on Figure 4.18 also, we can see that the average speed for free floating
PIG is ranging from 0.25 m/s to 0.35 m/s, which mainly in the green region of the velocity.
Since the free floating PIG is denser and heavier than the oil, the velocity of the free

floating PIG is slightly lower than the velocity of oil.
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Figure 4.19: Free Floating PIG velocity contour for 15° pipe geometry

Figure 4.19 illustrates the trajectory of the free floating PIG at a 15° inclination propelled
by the flow of oil. The inlet velocity of oil in this simulation is 1.8 m/s and as it can be
seen from the result, the free floating PIG is able through the inclination and also from
the inlet to the outlet of the pipe. Based on Figure 4.19 also, we can see that the average
speed for free floating PIG is ranging from 1.45 m/s to 2.0 m/s, which mainly in the
orange and red region of the velocity. By referring to the oil velocity contour in Figure
4.5 in Appendix Il, the velocity of oil especially at the inclination part is very high,
ranging from 6.8 m/s to 7.2 m/s. This resulted in the high velocity of free floating PIG
trajectory at the inclination point. Nevertheless, the velocity of free floating PIG is still
lower than the current oil velocity because of higher density as compared to density of

oil.
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Figure 4.20: Free Floating PIG velocity contour for 30° pipe geometry

Figure 4.20 illustrates the trajectory of the free floating PIG at a 30° inclination propelled
by the flow of oil. The inlet velocity of oil in this simulation is 2.1 m/s and as it can be
seen from the result, the free floating PIG is able through the inclination and also from
the inlet to the outlet of the pipe. Based on Figure 4.20 also, we can see that the average
speed for free floating PIG is ranging from 1.41 m/s to 2.1 m/s, which mainly in the green
and yellow region of the velocity. Since the free floating PIG is denser and heavier than

the oil, the velocity of the free floating PIG is slightly lower than the velocity of oil.
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Figure 4.21: Free Floating PIG velocity contour for 45° pipe geometry

Figure 4.21 illustrates the trajectory of the free floating PIG at a 45° inclination propelled
by the flow of oil. The inlet velocity of oil in this simulation is 2.3 m/s and as it can be
seen from the result, the free floating PIG is able through the inclination and also from
the inlet to the outlet of the pipe. Based on Figure 4.21 also, we can see that the average
speed for free floating PIG is ranging from 1.73 m/s to 2.8 m/s, which mainly in the green
and yellow region of the velocity. It can be observed that the velocity is high at the
inclination of the pipe. By referring to Figure 4.7 in Appendix I, this is due to the
turbulence created after the oil flown pass the elbow. Since the free floating PI1G is denser
and heavier than the oil, the velocity of the free floating PIG is slightly lower than the

velocity of oil.
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Figure 4.22: Free Floating PIG velocity contour for 60° pipe geometry

Figure 4.22 illustrates the trajectory of the free floating PIG at a 60° inclination propelled
by the flow of oil. The inlet velocity of oil in this simulation is 2.4 m/s and as it can be
seen from the result, the free floating PIG is able through the inclination and also from
the inlet to the outlet of the pipe. Based on Figure 4.22 also, we can see that the average
speed for free floating PIG is ranging from 2.04 m/s to 3.06 m/s, which mainly in the
green and yellow region of the velocity. It can be observed that the velocity is high at the
inclination of the pipe. By referring to Figure 4.8 in Appendix I, this is due to the
turbulence created after the oil flown pass the elbow. Since the free floating PI1G is denser
and heavier than the oil, the velocity of the free floating PIG is slightly lower than the
velocity of oil.
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Figure 4.23: Free Floating PIG velocity contour for 75° pipe geometry

Figure 4.23 illustrates the trajectory of the free floating PIG at a 75° inclination propelled
by the flow of oil. The inlet velocity of oil in this simulation is 2.4 m/s and as it can be
seen from the result, the free floating PIG is able through the inclination and also from
the inlet to the outlet of the pipe. Based on Figure 4.23 also, we can see that the average
speed for free floating PIG is ranging from 2.05 m/s to 3.1 m/s, which mainly in the green
and yellow region of the velocity. It can be observed that the velocity is high at the
inclination of the pipe. By referring to Figure 4.9 in Appendix II, this is due to the
turbulence created after the oil flown pass the elbow. Since the free floating PI1G is denser
and heavier than the oil, the velocity of the free floating PIG is slightly lower than the

velocity of oil.

39



ANSYS
Velocit s
FLUENT PT for Alu

. 1.060e+001

" 7.952e+000
- 5.301e+000

- 2.651e+000

I 0.000e+000

[m s*-1]

L

0 0350 0.700 (m)
]

I
0.175 0.525

Figure 4.24: Free Floating PIG velocity contour for 90° pipe geometry

Figure 4.24 illustrates the trajectory of the free floating PIG at a 90° inclination propelled
by the flow of oil. The inlet velocity of oil in this simulation is 5.4 m/s and as it can be
seen from the result, the free floating PIG is able through the inclination and also from
the inlet to the outlet of the pipe. Based on Figure 4.24 also, we can see that the average
speed for free floating PIG is ranging from 5.3 m/s to 8.4 m/s, which mainly in the green
and yellow region of the velocity. It can be observed that the velocity is high at the
inclination of the pipe. By referring to Figure 4.10 in Appendix I, this is due to the
turbulence created after the oil flown pass the elbow. Since the free floating PI1G is denser
and heavier than the oil, the velocity of the free floating PIG is slightly lower than the

velocity of oil.
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Table 6 below shows the summary of the result obtained from the simulation of the free
floating P1G. From the result obtained, it can observed that with the increase in inclination
angle of the pipe, the higher the velocity needed to push the free floating PIG upward.
We can also observed that the average velocity of the free floating PIG is lower than the

average velocity of oil flowing in the pipe.

Table 6: Summary of Results

Inclination Angle Inlet Velocity of Oil (m/s) | Average Velocity of free
(degree, °) floating PIG (m/s)
0 0.5 0.25-0.35
15 1.8 1.45-2.00
30 2.1 1.41-2.10
45 2.3 1.73-2.80
60 24 2.04 - 3.06
75 24 2.05-3.10
90 5.4 5.30 - 8.40

Based on the trajectory shown in 4.4.3, it can be observed that higher inclination angle
will result in more random trajectory of free floating PIG in the pipe. It also causes the
free floating PIG to wobble so much due to the turbulent flow that often occur at the
elbow of pipe. This will cause the free floating PIG to hit the wall often which will create

noise and interrupt the acoustic sensor within the free floating PIG.

The range of speed gained from this simulation is acceptable based on the paper by [18]
where it is stated that the recommended speeds for cleaning PIG are in the region of 1 to

5 m/s, slightly different from this project which uses the free floating PIG.

4.5  Piping layout for flow loop

The laboratory scale experiment will be conducted once the fabrication of the layout of
flow loop have been done. The flow loop layout will have the key features such as the
variation of inclination angle and pipe leaks to run the experiment as real as possible. The

data from the simulation will be use in running the experiment.
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45.1 Design

The piping layout for the flow loop have been designed. The design will have adjustable
pipe support and also flexible elbow in order to vary the inclination of the piping layout.
The design will also features acrylic pipe in order to observe the flow of the free floating
PIG in the pipeline. Figure 4.25 shows the isometric view of the experimental layout and

Table 7 shows the bill of material for the layout. Refer Appendix IV for other views on

the layout.
Figure 4.25: I1SO View of Experimental Layout
Table 7: Bill of Materials
No Item Size Quantity BOM Notes
1 | Transparent Arcylic Pipe 4" 17 meters -
2 | Flexible joint 4 4 Variable degree
3 | T-joint 4" 2 PVC
4 | 90 degree elbow 4 6 PVC
5 | Adjustable pipe support - 5 Steel
6 | Plastic tank Imx 0.6m 1 Holes for pipes
7 | Pump 1lhp 1 Adjustable
power
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CHAPTER 5

5.0 Conclusion and Recommendation

51 Conclusion

It is crucial to ensure that the free floating PIG can travel through the inclination to enable
leak to be detected. Inspection for pipe leakage is very important to avoid problems that
are costly and deadly. Necessary parameters need to be determined to ensure the

propulsion of the free floating PIG in the pipeline through the inclination.

To conclude, the result quality gained are high since the higher order of numerical
solution is chosen to solve the simulation problem. A high percentage quality for meshing
of the fluid geometry is gained and this will eventually help in increasing the accuracy of

the result of simulation.

The project have successfully predicted the minimum velocity for the free floating PIG
to propel through the inclination angle of the pipeline. The simulation also displayed the
probable trajectory of the free floating PIG and also the velocity and pressure profile of

the fluid behaving in the pipeline with the given inlet speed.

The expectation for this project is that it will gives out vital information about the
movement of a free floating PI1G for a different inclination angle of pipeline as this can
help the propulsion of the free floating PIG through the inclination.

5.2  Limitations
The following limitations apply to this project as a whole.

1. The simulation does not take into account the flow assurance issue often faced
in the oil and gas industry during pigging. The software used have limited
method or setup to simulate the situation.

2. Construction period of the flow loop is affected by external factors.
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5.3  Recommendation
Based on the project conducted, there are some recommendation made in order to
improve the foundation of this project. The focus will be on two parts mainly the

simulation and also the experiment.

I. Design a program specifically for free floating PIG

e Methods that are available now in ANSYS is very general and can be
used in many application. DPM for example, can also be used to study
about coalition of blood cells and also study about the projection of
water vapors. It is about time that the industry produce a program
specifically for PIG trajectory in pipeline and take into account the
flow assurance issues, as PIGs are now have been widely use in the
industry. A collaboration with ANSYS, Inc. is possible in order to

come out with the best program, specifically for PIG simulation.
ii. Laboratory scale experiment construction
e The experiment must be conducted using the key parameters input
from the simulation to further justify the results gained from the

simulation. The hands on experiment must simulate the real situation

in oil pipeline to gained good results for the project.
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Appendices

Appendix I

Figure 3.2: Pipe geometry with 0° inclination angle
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Figure 3.3: Pipe geometry with 15° inclination angle
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Figure 3.4: Pipe geometry with 30° inclination angle
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Figure 3.6: Pipe geometry with 60° inclination angle
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Figure 3.7: Pipe geometry with 75° inclination angle
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Figure 3.8: Pipe geometry with 90° inclination angle
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Appendix Il
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Figure 4.4: Oil velocity contour for 0° pipe geometry
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Figure 4.5: Oil velocity contour for 15° pipe geometry
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Figure 4.7: Oil velocity contour for 45° pipe geometry
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Figure 4.8: Oil velocity contour for 60° pipe geometry
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Figure 4.9: Oil velocity contour for 75° pipe geometry
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Figure 4.10: Oil velocity contour for 90° pipe geometry
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Appendix I
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Figure 4.11: Oil pressure contour for 0° pipe geometry
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Figure 4.12: Oil pressure contour for 15° pipe geometry
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Figure 4.14: Oil pressure contour for 45° pipe geometry
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Figure 4.15: Oil pressure contour for 60° pipe geometry
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Figure 4.16: Oil pressure contour for 75° pipe geometry
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Figure 4.17: Oil pressure contour for 90° pipe geometry
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Appendix IV

Figure 4.27: Front View of Experimental Layout
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Figure 4.28: Side View of Experimental Layout
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