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ABSTRACT

The petroleum produced by the offshore platforms is transported to
processing plant through carbon steel pipelines. Usually, expectancy of
maximum production capacity of pipelines is never meeting the prediction
made in the early stage. Among the main reason for the declining of
production capacity of pipelines over time is corrosion. This project aims to
prove the dynamic of glass fibre reinforced plastic (GFRP) pipe dynamic is
better than steel pipes dynamic in oil pipelines. Whilst it is more common to
see in Oil and Gas industry to utilize steel pipes in their pipelines, GFRP
pipes show a promising future to reduce corrosion problems. When it comes
to pipeline, corrosion had caused severe to production capacity of a line to
replace the corroded pipelines will cost a lot of money. The industries are
desperate to alternative for the steel pipes. With that in mind, this Final Year
Project will be focused more on study of the dynamic behavior of glass fibre
reinforced plastic (GFRP) pipe fluid flow properties. A pipe modeling will
be created to study the effect of the internal fluid flow in the GFRP pipe and
compare it with the steel pipes dynamic. The model will be constructed using
the ANSYS Workbench software and it will be analyzed using ANSYS
FLUENT. 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. This project may lead to explore a better option than steel pipes to

use in the oil and gas industry.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

In the last quarter of 20™ century, the global demand for crude oil has been stable with
an annual growth averaging 1%. Experts foresee that for the next 20 years, 80% of the
world’s energy requirements will come from petroleum, natural gas and coal (IEA,
2008). This statistic tells that the oil will still remain the dominant source of energy for

the next half century. [1]

Usually, the petroleum produced by the offshore platforms is transported to processing
plant through carbon steel pipes. However, steel lines will rapidly corroded in overtime
by the combination of salt water and sour sulfur crude, no matter how well the operating
companies look after their pipeline such as regular pigging, cathodic protection,
injecting corrosion inhibitor and many more. Replacing the current pipeline with new

pipes would take up production time and also cost a lot.

The need of the oil companies to continuously seek more cost-effective and safer
materials for the installations and of the suppliers to find new markets were the driving

force to find a new replacement for carbon steel pipes.

Glass fibre reinforced plastic (GFRP) is material which, mainly due to low weight and
corrosion resistance is attractive alternative to many metals. Several studies have been
carried out by different companies to compare the cost of GFRP pipe with various metal
alternatives. The following general trend in cost comparison seems to apply: [2]

o GFRP usually comparable in cost to carbon steel
e Low installation cost compared to other metal alternatives

e Low maintenance cost and long lifetime



1.2 Problem Statement
1.2.1 Problem identification

The petroleum produced by the offshore platforms is transported to processing plant
through carbon steel pipelines. Usually, expectancy of maximum production capacity of
pipelines is never meeting the prediction made in the early stage. Among the main
reason for the declining of production capacity of pipelines over time is corrosion.
Corrosion will decrease the wall thickness in pipelines. The characteristic of the fluid
flow will change with the change of pressure and temperature. The change in
characteristic of the fluid influences the design of the pipe and its reliability and

integrity.

When higher flow rate are needed, fluid deformation is higher and shear stresses
increase, so more pressure must be applied to maintain the flow at the same average
velocity. However, specification of pipeline design may limit the amount of pressure

that can be employed or rise substantially the investment cost. [1]

Both reductions lower the operating pressure and flow rate of the oil transfer which
eventually reduces the main production. In order to rise and maintain the production
performance, the corroded pipelines could be replaced with new ones. This make the

GFRP pipes is better option than the carbon steel pipes.

1.2.2 Significant of the project

By referring to the problem identification, through this project, observation of the detail
the effect of internal fluid flow in the GFRP pipe dynamic will be conducted. GFRP is
not new material in the offshore oil industry. In fact, it represents a proven technology.
Thus, this experiment will explore and examine the change in the characteristic of
internal fluid flow to ensure GFRP pipe dynamic is better than the steel one. As a
conclusion, three objectives are being set for this project. [2]



1.3 Objective
The objective of the project is:

1. Study of the dynamic behavior of the glass fibre reinforced plastic (GFRP) fluid

flow properties

1.4 Scope of study

The scope of study is mainly focusing on the effects of the internal fluid flow in GFRP
pipe dynamics. Through this project, the dynamic of the GFRP pipe structure will be
observe more thoroughly especially on the friction between GFRP pipe and fluid.

This project will be divided into two stages; the first stage will involve on researching
and study thoroughly about GFRP pipe properties, fluid structure interaction and
hydrodynamic in pipe.

The second stage will focus on simulation work in the lab, where computer software
likes ANSYS: FLUENT and a simulation will be conducted so the effect of internal
fluid flow in GFRP pipe will be monitored closely. Result collected from experiments
will be analyzed and discussed.

1.5 The relevancy of the project

Corrosion is the biggest threat for pipelines all over the world. As it is too costly to
replace the corroded pipe, new material has been researched to replace the steel pipes.
The GFRP pipe has good environmental and corrosion resistance and less expensive

metal. %

By carry out this project, the GFRP pipe can be studied closely and see effectiveness of
the material. The parametric study will be done to analyze the dynamic pipeline
structure. This to ensure the GFRP pipe dynamics is better than steel one thus replacing

the steel pipe in the future uses



1.6 Feasibility of the project

This project will need a simulation in order to complete it. In the time given, the project
could be done within time given provided that everything goes according to the plan.

The objective can be achieved if the procedures are closely followed.



CHAPTER 2
LITERATURE REVIEW

2.2 Fluid Structure Interaction (FSI)

The fluid structure interaction is use to find the relation between the pipe surface and
the effect of the pipe surface to the fluid flow. In the majority of analyses reviewed, the
pipes are slender, thin walled, straight, prismatic and circular of cross section. The
liquid and the pipe wall material are assumed linear elastic and cavitations is assumed

not to occur. Important dimensionless parameter in FSI analyses are:

e Poisson ratio
o Ratio of pipe radius to pipe wall thickness
¢ Ratio of liquid mass density to pipe wall mass density

¢ Ratio of liquid bulk modulus to pipe wall young modulus

The dynamic of behavior of liquid and pipe system should be treated simultaneously.

Two liquid pipe interaction mechanisms can be distinguished:

e Friction coupling represents the mutual fiction between liquid and pipe
e Poisson coupling relates the pressure in the liquid to the axial (longitudinal)
stresses in the pipe through radial contraction or expansion of the pipe wall.

Governing Equation

e The moving reference frame

Du_

— — V.ulu—¥)+ i
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v Y4 0”x=0t is the velocity of the reference point

¢ Momentum
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Where g, f and r represent, respectively, the fluid density, the volume force

vector and the Cauchy stress tensor.

e Structural dynamic
pld —f)—V-a=0,
Where q is the current density of the deformed solid and the vector d represents
the displacement field, whereas the body forces are given by the vector f.

Another equation used

o If pipe diameter at X, location of fluid element is D(x) the cross sectional area

nDx?
4

is; A(x) =
e And the mass flow rate; Qup(x) = pupyA(X)Vup(X)
e Total volume of fluid element at x is; V(x) = A(X)dx
e Mass contained within it is just that volume multiplied by average density p(x);
mass (x) = A(x)dxp (x)

e Net force from pressure; Fup (x) — Fdn (x) = -dx A () Z—z
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Figure 2.2: example general interface modeling transfer based on finite element type

interpolation of interface domain.

2.3 Finite Volume Method

Finite Volume Method is one of several numerical methods that can be used to solve
complex problems and is the dominant method used today. As the name implies, it takes
a complex problem and breaks it down into a finite number of simple problems. A
continuous structure theoretically has an infinite number of simple problems, but finite
volume analysis approximates the behavior of a continuous structure by analyzing a
finite number of simple problems. "Finite volume" refers to the small volume
surrounding each node point on a mesh. In the finite volume method, volume integrals
in a partial differential equation that contain a divergence term are converted to surface
integrals, using the divergence theorem. These terms are then evaluated as fluxes at the
surfaces of each finite volume. Because the flux entering a given volume is identical to
that leaving the adjacent volume, these methods are conservative. Another advantage of
the finite volume method is that it is easily formulated to allow for unstructured meshes.
An accurate assessment of all boundary conditions also must be made because the
accuracy of this method will be dependent on this assumption. Finite volume methods

also are widely used and highly successful in computing solutions to conservation laws,
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such as those occurring in fluid dynamics. The most compelling feature of the finite
volume method is that the resulting solution satisfies the conservation of quantities such
as mass, momentum, energy, and species. This is exactly satisfied for any control
volume as well as for the whole computational domain and for any number of control
volumes. Even a coarse grid solution exhibits exact integral balances. Basically there

are three steps in finite volume analysis:

1. Preprocessing

Preprocessing involves the preparations of data, such as nodal coordinates,
connectivity, boundary conditions and loading and material information. The
preparation of data require considerable effort if all data are to be handled
manually. If the model is small, the user can often just write a text file and feed
it into the processor, but as the complexity of the model grows and the number
of elements increase, writing the data manually can be very time consuming and
error-prone. Therefore it is necessary with a computer preprocessor which help

with mesh plotting and boundary conditions plotting.

2. Analysis

This stage involves stiffness generation, stiffness modification, and solution of
equations, resulting in the evaluation of nodal variables. This is a typical "black
box" operation, where the user will see little of what is going on. The data is fed

from the preprocessor to get the data out.

3. Post processing

Typically, the deformed configuration, mode shapes, temperature, and stress
distribution are computed and displayed at this stage as the result. Graphical

displays are used in modern codes to assist in visualizing the results



2.3.2 Theory

Dynamic analysis using computer software is often used nowadays because of its
efficiency besides saving cost and time. For instance finite element analysis can be used
to determine the fluid flow dynamic in the pipe. The result of this simulation is very
important for the pipe manufacturers especially to run test later to predict the fluid flow
dynamic in the pipe. Some of the past work done related on this topic has been included
in this literature study section. Besides, some theories as well as the main function of

finite element method will be presented.

P.Salizonni, Van Liefferinge and L. Soulhac and has done a study in relationship
between surface roughness and the fluid flow dynamic. In the numerical simulations,
the role of the wall roughness was taken into account only by varying the friction
velocity. They suggest that there is increased in turbulent intensity with pipe roughness.
In his experiment, he used using a pseudo-temporal finite volume method, iterating until
the solution converged to a stationary state. The advection term was integrated with an
explicit forward-in-time scheme, and the diffusion term was computed by the semi-

implicit Crank—Nicholson scheme (solved by the Thomas algorithm). [11]

G.F.K Tay had conducted an experiment of measurements in rough-wall turbulent flows
subjected to adverse pressure gradients. The levels of the relative turbulent intensities
and Reynolds shear stress increased with both adverse pressure gradient (APG) and
surface roughness. The experiments were performed in a two-dimensional channel.
Profiles of the mean velocity, turbulent intensities, Reynolds stress ratios, mixing
length, eddy viscosity and the production terms were then obtained to document the
effects of adverse pressure gradient (APG) on low Reynolds number rough-wall
turbulent boundary layers. A particle image velocimetry technique was used to conduct

the velocity measurements [12]

Study done by E.S. Zanoun presented and interesting theory about the relation between
the wall skin frictions, mean velocity profile and the wall roughness. E.S. Zanoun
predicted the profile of the wall skin friction coefficient and the mean velocity profile

from the surface roughness. The investigations were carried out at LSTM-Erlangen



using the pipe test facility. The pipe flow measurement was done using both pitot tube
and hot-wire anemometry. A precise pressure transducer was employed for pressure

measurements at each downstream location having an accuracy of #0.25% of the

actual readings. [13]

2.3.3 K-Epsilon model

The K-epsilon model is one of the most common turbulence models, although it just
doesn't perform well in cases of large adverse pressure gradients. It is a two equation
model that means it includes two extra transport equations to represent the turbulent
properties of the flow. This allows a two equation model to account for history effects

like convection and diffusion of turbulent energy.

The first transported variable is turbulent Kinetic energy, (1. The second transported
variable in this case is the turbulent dissipation, £. It is the variable that determines the
scale of the turbulence, whereas the first variable, [1, determines the energy in the
turbulence. K-epsilon model has been shown to be useful for free-shear layer flows
with relatively small pressure gradients. Similarly, for wall-bounded and internal flows,
the model gives good results only in cases where mean pressure gradients are small;
accuracy has been shown experimentally to be reduced for flows containing large

adverse pressure gradients.

For turbulent Kinetic energy, [

0X; ok’ 6x;

5 5 5 U Sk
E(pk)+5_xi(pkui) __][(.u'l'_)_]l+Pk+Pb_pE_YM+Sk

For dissipation €

2
&
(Pk + C3£Pb) - C2£p T‘l'ss

£) o€ Cic€
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2.3.4 Fluid flow

The fluid flow mainly concern about the study of motion. In fluid dynamic, fluid
kinematics is the study of how fluid flows and how to describe fluid motion. There are

two distinct way to describe fluid motions: [3]

e Lagrangian description ; analysis is analogous to the system analysis
o Eulerian description; a finite volume called a flow domain or control volume is

defined, through which flow in or flow out
Fluid flowing in pipes has two primary flow patterns. It can be either:

e laminar when all of the fluid particles flow in parallel lines at even velocities
e turbulent when the fluid particles have a random motion interposed on an

average flow in the general direction of flow

There is also a critical zone when the flow can be either laminar or turbulent or a
mixture. It has been proved experimentally by Osborne Reynolds that the nature of
flow depends on the mean flow velocity (v), the pipe diameter (D), the density (p) and
the fluid viscosity Fluid Viscosity (u). A dimensionless variable for the called the
Reynolds number which is simply a ratio of the fluid dynamic forces and the fluid
viscous forces, is used to determine what flow pattern will occur. The equation for the

Reynolds Number is

vD
Re = e 4
u

For normal engineering calculations, the flow in pipes is considered laminar if the
relevant Reynolds number is less than 2000, and it is turbulent if the Reynolds number
is greater than 4000. Between these two values there is the critical zone in which the

flow can be either laminar or turbulent or the flow can change between the patterns.

It is important to know the type of flow in the pipe when assessing friction losses when
determining the relevant friction factors. In this project, the fluid selected to be used is

water. The water properties are:

11



e Density : 1000kg/m?®
e Viscosity : 0.001 Pas at 20°C

In any real moving fluid, energy is dissipated due to friction. In turbulence flow, the
energy dissipated is even higher. Head loss can be categorized as two, the major losses
and the minor losses. The major losses usually associated with loss per length of pipe
and the minor loss associated with bends, fitting and valves. In this project, the Hazen-
Williams equation will be used to calculate the theoretical head loss per length pipe.
The Hazen-Williams equation is used because it is more empirical and suitable for the

project because in the project, the pipe design was relatively short pipe.
V= kCR0.63 50.54-

Where, V is velocity of the fluid, K is the conversion factor (in SI unit K is 0.849), C is
the roughness coefficient, R is the hydraulic radius and S is the head loss per length
pipe. The figure 2.5 below show the example of the fluid flow in the circular pipes.
From the figure, we can classify the fluid flow into two sections, the hydrodynamic
entrance region and the fully developed region Close to the entrance region (on the
inside of the pipe), significant viscous effects will be concentrated to a thin boundary
layer attached to the pipe wall. The fluid in the middle is basically inviscid.
As the flow progress further into the pipe, these boundary layers will increase in
thickness until you reach a point where they merge, so that the whole fluid is

significantly affected by viscosity. That is when "fully developed flow" has its onset.

— Inviscid flow region

Boundary layer regian
uir, x) 17

" Fully
~ Y,k ~ developec
Hydrodynamic entrance regior region

Figure 2.5: hydrodynamic entrance region
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2.3.5 GFRP

Fibre-reinforced plastic (FRP) (also fibre-reinforced polymer) is a composite material
made of a polymer matrix reinforced with fibres. The fibres are usually fibreglass,
carbon and aramid, while the polymeris usually an epoxy, vinylester or polyester
thermosetting plastic. A reinforced plastic material composed of glass fibers embedded
in a resin matrix. The GFRP was chosen as the material in the project because mainly
because of it high corrosion resistance and long term of properties. The good
environmental and corrosion resistance is one of the main reasons for choosing this

material.

GFRP is designed for weather exposure and normally fabricated with resin rich surface
layer which protect the underlying material by screening out the ultraviolet rays and
minimizing water absorption along fibre interfaces. Since GFRP are almost perfect
elastic to failure the addition of glass fibre reinforcement increases the creep resistance
of the thermosetting resins. GFRP also can offer many benefit compare to the ordinary
steel pipe such as weight reduction offered. The potential for weight savings by
substitution of steel pipes with GFRP is a major impetus for increasing concern in the

oil companies for applying GFRP pipes.

It can be concluded that use of GFRP pipes generally lead to weight reduction in range
of 50% - 60%. A comparison has been made on how the weight reduction depends on
the pipe dimension for similar working conditions between GFRP pipe and the
molybdenum alloyed stainless steel. The cost comparison between these two materials
also has caught the oil companies. GFRP usually comparable in cost to carbon steel but

it is less expensive than stainless steel.

13



COMPARISON OF FAILURE RATES GRP/STEEL

F (Failures/100m) (Failures /km years)
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L
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Figure 2.6: The performance of GFRP piping system in sea water conditions compared
to the steel [2]
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Figure 2.6.1: Dimension vs. Weight for the GFRP (2) and the steel pipe (1) [3]

14



CHAPTER 3
METHODOLOGY

3.1 Research Methodology

The objective is to study the dynamic behavior of the glass fibre reinforced plastic
(GFRP) pipe fluid flow properties. The K-epsilon turbulent model is used to describe

Literature review
(technical papers
& reports)

Identify software to
utilized

the system and simulation.

Data collection and
optimization

Modeling, simulation and
Do not satisfy analysis of project

Analyze and
Review Result

Conclusion and
recommendation

Figure 3.1: Flowchart

Satisfy
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3.2 Project activities
Title Selection:

After discussing with the supervisor, a title for the project is proposed depending
on the availability of data and possibility to obtain results. The author decided to
go glass fibre reinforced plastic (GFRP) because of it potential to replace
common carbon steel pipe in the oil and gas industries.

Preliminary Research:

This phase would be reading related research journal papers and almost similar
project about glass fibre reinforced plastic (GFRP) mechanical properties. For
gfrp, all the characteristics of a hydraulic mechanism is being studied and
reviewed. For fluid flow models, all the means of fluid flow is being considered

and studied on to justify which one should be further used in this project.

Study on Software:

A thorough research is done to investigate the computer software suitable to
design and simulate on fluid flow in pipe. The software’s chosen is the ANSYS
Workbench and the ANSYS FLUENT.

Data Collection:

Information data fact sheet regarding the fluid flow in GFRP pipe obtained by
searching through journals and the web. The data expected to be obtained are
type of flow, speed of flow, type of analysis done, and model of the flow

16



Project Design and Simulation:

Design and simulation of the fluid flow mechanism will be done to obtain certain
information and results. After research, to design the pipe, the ANSYS
Workbench software will be considered. For simulation and results, ANSYS
FLUENT software will be used.

Analysis of Results:

A detailed study will be done on the expected results which are the flow
properties in both of pipes. This is in line with the objective of this project which

is analyzing the flow properties in the GFRP pipe.

Conclusion:

The expected analysis from the experiment would be to display the flow
properties of the GFRP pipe and the steel pipe. This is done by comparing both
simulations. The simulation result also will be compared with the theoretical

value.

Report Writing:

The final stage of the study will be the compilation of all research findings,
literature reviews, design and simulation works, calculations available and

outcomes into the final report.

17



3.3 Gantt Chart for Final Year Project

Table 3.3: Gantt chart

=
=)

Detail Month

Jun-11

Ju-11

Nl

Sep-11

Oct-11

Nov-11

Dec-11

Jan-12

Title Selection

Background Study and Literature Review Research

Extended Proposal

Submission Extended Proposal

Data Gathering

Proposal Defence

Interim Report Preparation

Interim Report Draft Submission

OOl |l w|lojluo]|lse]lw]|r~o | —

Interim Report Submission

—_
=)

Data Analysis

—
—

Progress Report Preparation

—_
~

Progress Report Submission

—_
oo

Poster Preparation

—_
-~

Pre-SEDEX

—_
o

Report Preparation

—_
o

Draft Report Submission

—_
—

Dissertation Submission (softbound)

—_
[=.=)

Technical Paper Preparation

—_
o

Technical Paper Submission

r~
(=1

Oral Presentation Preparation

r~
—_

Oral Presentation Preparation

> >

r~
~

Project Dissertation Submission

> >

Progress
Key Milestone

This Gantt chart shows the summarization of the activity that will be done by the author

in FYP | and FYP II. Basically, FYP I is just more on doing research, familiarization on

the topic and getting as many information available. All the technical work such as

modeling, analyzing and simulation will be done in FYP Il. During the whole project,

be evaluated.

18

the author also needs to submit a few reports, doing some presentation for the project to



3.4 Tools, Equipment and Materials

Stated below are the list of tools, equipment, and materials needed to conduct this

project:
Materials:

e This project I mainly based on simulation, so there is no specific requirement in

the material usage.
Equipment:

e ANSYS Workbench
e ANSYS FLUENT

There software’s that are to be used in this project are ANSYS Workbench and ANSYS
FLUENT. The designing stage of the pipe will be done using ANSYS Workbench.
ANSYS Workbench platform is the framework upon which the industry’s broadest and
deepest suite of advanced engineering simulation technology is built. After designing
stage is finished, the model will be imported to ANSYS FLUENT to be analyzed. One
of the ANSYS FLUENT ability is to analyze fluid flow dynamic. In this project, the
author will do analysis on fluid flow in pipe.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Theoretical Calculation

There are several loads conditions that need to be calculated which the Reynolds
number (Re), head loss, and flow rate. The fluid dynamic analysis will be done at

according to below table condition.

Table 4.1: Parameter in the project

Temperature 20°C
Pressure 1 atm
Density 1000 kg/m®
Length 8m
Diameter 0.2m
Conversion Factor, K 0.859

Hazen Williams Roughness Coefficient 150

(GFRP)

Hazen Williams Roughness Coefficient 100
(steel)

Roughness (GFRP) 5x10°m
Roughness (Steel) 45x10°m
Viscosity 0.001 Pa

4.2 Reynolds Number

vl
U
1000 x 1 x 0.2
Re =

0.001

Re = 200 000 (It is more then 4000, so it is fully turbulent)
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4.3 Flow Rate

1
Vszn xd?* xXv

1
Vszn x 0.2%2 x1

V =0.03142m3/s

4.4 Hazen Williams Coefficient

V= kCR0.63 50.54-

GFRP pipe

1 =0.859 x 150 x 0.1063 x 5054

S =12 kPa

“T00™
hy = 0.042 kPa
Steel Pipe

1 =0.859 x 100 x 0.19-63 x §0-54

s=g8 kPa
BT
hy = 0.088 kPa
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4.5 Head loss converts to Pressure Loss

hy
p=—7-XLXSG

"~ 100
GFRP pipe
_0.042 8 x1
P =00

p = 3.36 x 10 3tone/m? (1 tone/m? = 9.81kPa)

Steel pipe
~0.088 8 x1
P =100

p = 7.04 x 10 3tone/m? (1 tone/m? = 9.81kPa)
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4.6 Modeling

For this part, the author needs to design a pipe for the use in the simulation. The Design

is in 2-Dimension. The pipe measurement is:

e Length,D =8m

e Diameter,d =0.2m

o VinetV =1ms

e Roughness  =45x10°m (steel)
=5x10"°m (GFRP)

There is few assumption and constant variables are decided to be used in the model:

e Pipe is horizontal

e Gravity is neglected

e The pipe is fully wetted flow

e The pipe is thin walled

e The liquid and the pipe material are linear elastic
e Cavitations not to occur

o No backflow

Figure 4.6.0: Draft of the pipe model

PipeWall

Inlet Outlet

CenterLine

Figure 4.6.1: Draft of the pipe model
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Figure 4.6.2: Initial drawing
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Figure 4.6.3: Edge sizing of the pipe
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Figure 4.6.4: Named selection

Figure 4.6.5: Pipe after the meshing done



Figure 4.6.6: Meshing from the center of the pipe to the pipe wall
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4.7Analysis

The simulation in this project was run on the k-epsilon model and was calculated using

the second order upwind.

4.7.1 Turbulence intensity at the center line of the pipe

From the GFRP pipe graph (figure 4.7.0), the turbulent intensity is quite stable. The
turbulent start with discontinuous and when it reaches 2m, then it becomes continuous.
This probably happen because the fluid flow has been fully developed. Then the
turbulent intensity decreasing slowly until it reaches 4m. After 5m, the turbulence start
increasing back until it reaches the pipe outlet. From the steel pipe graph (figure 4.7.1),
the turbulent intensity is not stable. The turbulent start with discontinuous and when it
reaches 2m, then it becomes continuous. The slope for the turbulent intensity in the steel
pipe is quite steep. Then after 4m, the turbulent start increasing until it reaches the pipe
outlet. The lowest point of turbulent intensity achieved by the GFRP pipe is 3.00e+00
which is lower than the steel pipe, 4.00e+00. This can show that the pipe roughness in
steel pipe has become the factor in increased of turbulence. The steel pipe turbulent
intensity also is not stable compared to the GFRP pipe. The graph plot in steel pipe is
much steeper than GFRP pipe. The fluctuation in the steel pipe flow happen become
flow in the steel pipe cannot settle. This is contrast in the GFRP pipe flow where
turbulent intensity level becomes almost constant. From the result, role of wall
roughness had influences on the turbulent intensity of the fluid flow in pipe. The result
is satisfying the predicted theory from the experiment of P.Salizonni, Van Liefferinge

and L. Soulhac in the turbulent intensity relation with pipe roughness.
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Figure 4.7.0: GFRP pipe, turbulent intensity vs. pipe length
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Figure 4.7.1: Steel pipe, turbulent intensity vs. pipe length
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4.7.2 Dynamic pressure at the pipe wall

From GFRP pipe graph (figure 4.7.2), the dynamic pressure is stable. The dynamic
pressure start with discontinuous curve and when it reaches 2m, then it becomes
continuous. This probably happen because the fluid flows almost becomes fully
developed. Then the dynamic pressure decreasing slowly until it reaches 4m. After that,
it becomes almost constant until it reaches the pipe outlet. From the steel pipe graph
(figure 4.7.3), the dynamic pressure is stable. The dynamic pressure start with
discontinuous curve and when it reaches 1m, then it becomes continuous. The slope for
the turbulent intensity in the steel pipe is quite steep. Then the dynamic pressure
decreasing slowly until it reaches 2m. After that, it becomes almost constant until it
reaches the pipe outlet. Form both graph, we can identify that the pressure drop at the
pipe wall at the steel pipe is higher than the GFRP pipe. At GFRP pipe, the pressure
drop 4.80e+02 to 3.10e+02 while in the steel pipe the pressure drop from 4.60e+02 to
2.50e+02. The roughness has effect on the pressure drop along the pipe wall where the
higher the roughness of the pipe, the higher the pressure drop. Pressure drop in pipe
flow is not desirable because it will decrease the pipe flow rate. Measurements in
rough-wall turbulent flows subjected to adverse pressure gradients have been
reported. The results indicate that surface roughness and adverse pressure gradient
significantly modify the mean flow field. This result can be related with the experiment
conducted by G.F.K Tay and his colleagues, that pipe wall roughness has an effect in
the fluid flow dynamic
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Figure 4.7.2: GFRP pipe, dynamic pressure vs. pipe length
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30

3 4 5 6 7



4.7.3 Velocity Profile at Center Line

From the GFRP pipe graph (figure 4.7.4), the velocity magnitude is quite stable. The
velocity magnitude starts with discontinuous and when it reaches 2.5m, then it becomes
continuous. This probably happen because the fluid flows almost becomes fully
developed. Then the velocity magnitude increase at the constant rate until it reaches 7m.
After that the velocity drop a little bit until it reaches outlet. From steel pipe the graph
(figure 4.7.5), the velocity magnitude is not stable. The velocity magnitude starts with
discontinuous and when it reaches 3m, then it becomes continuous. The slope for the
turbulent intensity in the steel pipe is quite steep. Then after 5m, the velocity magnitude
start decreasing until it reaches the pipe outlet. The GFRP pipe flow is slower then steel
pipe but in the GFRP pipe, the pipe flow is more stable. There is no sudden change in
velocity in GFRP pipe. The stable pipe flow is more desirable than the non-constant
high-speed flow. The velocity profile, in our transitional wall roughness variable are
valid for all types of standard wall roughness, in contrast to traditional wall the friction
cause by increase of wall roughness predicts the results explicitly independent of wall

roughness.
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Figure 4.7.4: GFRP pipe, velocity magnitude vs. pipe length
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Figure 4.7.5: Steel pipe, velocity magnitude vs. pipe length
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4.7.4 Skin Friction Coefficient at the pipe wall

From the GFRP pipe graph (figure 4.7.6), the skin friction coefficient stable. Like all
other graph, the skin friction coefficient starts with discontinuous and when it reaches
1m, then it becomes continuous. This probably happen because the fluid flows almost
becomes fully developed. Then the turbulent intensity decreasing slowly until it reaches
4m. After 5m, the skin friction coefficient become constant until it reaches the pipe
outlet. From the steel pipe graph (figure 4.7.7), the skin friction coefficient intensity is
not stable compare to GFRP pipe graph slope. The skin friction coefficient starts with
discontinuous and when it reaches 1m, then it becomes continuous. The slope for the
turbulent intensity in the steel pipe is quite steep. Then after 4m, the turbulent start
increasing and fluctuates until it reaches the pipe outlet. The lowest point of skin
friction coefficient achieved by the GFRP pipe is 3.15e+00 which is lower than the steel
pipe, 5.50+00. This can show that the pipe roughness in steel pipe has an effect on the
skin friction coefficient. This indicates that the GFRP pipe has lower parasitic drag at
the pipe wall than the steel pipe. Lower parasitic drag mean that the GFRP pipe has
better flow properties than steel pipe. The present work was carried out to re-examine
the extensive experimental data of fully developed turbulent pipe flows obtained by E.S.
Zanoun. In order to gain insight of the result produced, the author compare the
simulation result. The velocity profile of the simulation agrees well with both result of

the simulation.
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4.8 Comparison between Theoretical and Simulation

Table 4.8: theoretical value

Material GFRP Steel
Head loss, h¢ 0.042 kPa 0.088 kPa
Pressure loss, P 3.36 X 10 3tone/m? 7.04 X 10 3tone /m?

In theoretical section, the head loss and pressure loss for both of pipe have been
calculated. The value is in the table 4.8 above. From table 4.8, the head loss and the
pressure loss inside the GFRP pipe is lower than the steel pipe. If we compare it to the
simulation result, the head loss and the pressure loss in GFRP pipe is also lower than
the steel pipe. With this, the author can prove that the GFRP pipe have better flow
properties than the steel pipe. From the simulation, a GFRP pipe flow property is

superior to the steel pipe in almost every aspect.

35




CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The glass advantages of fibre reinforced plastic and it capabilities to replace the steel
carbon pipe seems to be a promising approach to improve the heavy industries. By
conducting researches, designing, and simulation, the result is expected to justify the
flow properties of GFRP pipe. From the results, the GFRP pipe has tremendous
advantages and can be applied to current heavy industry in the country.

Furthermore, GFRP pipe prove that the pressure drop in the pipe is lower than the steel
pipe. This is important because the low pressure drop mean the pump pressure will be
reduced. With lower pressure drop, GFRP pipe surely can reduce the cost in pipeline

system.

Finally, from the simulation, GFRP pipe indicate it has better flow properties. From the
parameter analyze, the GFRP pipe flow dynamic always edging the steel pipe flow
dynamic. GFRP flow properties are superior in term of head loss, pressure loss, skin
friction coefficient and turbulent intensity. It also has give significant flow properties
compare to the steel pipe. So, the GFRP pipe should be introduced slowly to the heavy

industries. Thus, objective have been achieved
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5.2 Recommendation

A lot more of the flow properties of the GFRP pipe can be study. Simulation is just a
tool to provide an initial study for designers to investigate and analyze the effect of the
internal fluid flow in the GFRP pipe. Fabrication and actual testing should be performed
in order to validate the result obtained from the simulation. The results from the actual
testing must be compared to the simulation in order to come out with proper
documentation. The GFRP thermal properties also should be analyzed. Thermal
properties information is important if the GFRP pipe need to be applied in the sea water.
Without proper preparation, pipe flow problems like waxing in oil pipeline could

happen in the GFRP pipe.
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