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ABSTRACT

Gas turbines generators on offshore platforms are essential for the power generation of
the platform which would run its equipment, control systems and light up living
quarters. In the last few decades, it is the most chosen equipment for power generation.
Due to many platforms extract more than enough gas from oil and gas reservoirs, this
makes the power generation option easier and more economical. Nonetheless, the gas
needs to be in a state that has no presence of liquid hydrocarbon for it to function
optimally and lengthily throughout its service life. Consequently, the issue of gas
separation inside a HPS arisen. This is to ensure that gas turbines could maintain its
efficiency and performance. The main equipment responsible for the separation of
liquids and gas from hydrocarbon extracted from wells would be the separators. This
project will only be focusing on the simulation of a 2-phase HPS, with only liquid and
gas as the multiphase fluid. With running conditions and design specifications of a HPS
be used, a CFD simulation is carried out to study the flow pattern of the multiphase fluid
and to determine the gas outlet conditions. Initial study would include the use of water
and air to substitute liquid hydrocarbon and gas, in order to achieve initial objectives.
Nevertheless, realistic methods are later used to gather more realistic results. This
project will hopefully result in a separation simulation between liquid and gas inside a
HPS.
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CHAPTER 1: INTRODUCTION

1.1 Background
Oil and gas that is produced from the reservoir usually contains mud, oil, condensate

and gas are flowed through the wellhead, safety and choke valves. Once it goes
through the wellhead manifold, it is channeled into the main component of
production process, the separators [1]. In most cases, the separation takes place in
two stages. This is mainly due to their difference in pressure. The oil produced is
either treated further to remove salt water and other impurities or sent to a storage

tank until it is transported to a refinery.

Since water has higher density compared to the liquid hydrocarbon, water resolves at
the bottom of the separator along with other condensates and impurities. Water from
the separators goes through a sand cyclone to remove solid particles such as sand.
The condensate and oil that is caught in the mixture is retrieved in a hydro cyclone

where the oil and condensate is sent to a separate storage tank.

Water is normally processed until it passes local and international environmental
laws before released back into the sea. The processed water could also be reinjected
back to the reservoir to maintain the reservoir pressure. This is one of the examples

of EOR method available today.

Gas produced that flows out of the separator is normally flowed through heat
exchangers to reduce its temperature in order to ensure higher efficiency at
compression stage. The gas is then flowed through scrubbers, to be dehydrated. This
is to ensure that all the liquid droplets that might be present in the gas flow are
removed. Meanwhile, further gas treatments to remove acidic gases could also be
conducted before the compression stage. Metering and storage would be the final
step before the oil and gas leaves the platform. Metering is important because the
hydrocarbon content and energy value besides the pressure and temperature can be

measured and analyzed.



1.2 Problem Statement
As more and more fields produce gas, the option to run on gas as a fuel source to

power gas turbines has been increasing in popularity, due to its convenience and
economic reasons. Nevertheless, with the increase in offshore production depths and
floating platforms, weight and cost of maintenance are affecting the economics of

using gas turbines.

On platforms, gas turbines have been found to encounter a higher rate of failure
when running on gas recovered from the same well as crude oil. This is mainly due
to the presence of liquid hydrocarbon in gas turbines. It is the silent killer that causes
a drop in performance. Other than that, the buildup of liquid hydrocarbon in the gas

turbine has also been found to be the reason for some of failures encountered.

In ensuring good quality of gas delivered to the gas turbine, the main equipment
responsible is the separator. The separator is crucial in the separation process to
ensure the gas and oil is separated. This study will focus on the efficiency of the

separators in separating the oil and gas for offshore platforms.



1.3 Objective and Scope of Study
The objectives of this project are:

e To model full scale HPS adhering to PTS standards using modelling
software.

e To conduct CFD simulation to study the hydrodynamics and multiphase fluid
flow behaviour inside the HPS

e To determine flow characteristics and fluid velocities inside and at outlets of
the HPS

The study of the flow of gas and fluid inside the HPS is this project main scope of
study. Additionally, its separation due to gravity. The flow of the fluid within the
separator is studied by vector contours produced in a CFD model of HPS used on
common offshore platforms which is also bounded by regional and international

standards.

Due to UTP having the availability of ANSYS, ANSYS Fluent will be used as the
simulation software. This software will give a clear view of the movement of fluid
within the HPS with respect to volume fraction distribution, its fluid/gas state and its
velocity. ANSY'S Fluent can also simulate the flow characteristics at the gas outlet of

the HPS. Focus will be on the gravity settling region of oil and gas in the separator.



CHAPTER 2: LITERATURE REVIEW

In today’s oil and gas business, most wells drilled produce a combination of gas, oil
and water with other impurities that need to go through the separation process. These
elements need to be separated according to its use. For most HPS, the extracted
hydrocarbon is fed into it and retained for a period where the water resolves at the
bottom, gas released from the top and the oil taken after the separation weir. Pressure
reduction is done in stages by having multiple separators to avoid potential flash

vaporization which could lead to instability [1].

Once the separator separates the gas, it normally goes through compression before it
is flowed into pipeline or be used for power generation with a gas turbine. Fuel gas
systems on offshore platforms are an essential part of the power generation to run the
platform’s equipment and living quarters for manned platforms, as gas turbine

generator is one of the more common chosen equipment for power generation [1].

Many platforms produce gas in excess which is flared off as it is not economically
viable to process and transport. However, this would be suitable to be used to power
up gas turbines which are used for power generation on platforms. Gas turbines are
highly engineered equipment that is sensitive and expensive. This piece of equipment
is also sensitive to impurities and foreign objects which could cause damage to the

turbine blade.

Slug Catcher Demister Gas Outlet

Inlet

Vortex Breaker Water Out Qil Out

Figure 1: Schematic of a typical HPS



2.1 Causes and Effects of Crude Carry Over

Crude carry over to gas stream can be possible due to multiple reasons. The obvious
one would be the failure of separator to meet design specifications based on fluid
flow properties. Besides that, crude carry over into the gas stream problem has been
observed in separators due to foaming [2]. The effect of foaming which occurs in the
presence of a surfactant which can be present naturally or added to aid some other
process dissolves in water can end up causing problems such as overhead fouling,
reduced capacity of equipment and poor separation efficiency [2].

One way to reduce crude carry over would be the use of vane packs. Also known as
wave plate mist eliminators. It is commonly used in chemical, oil and gas industries
as it is effective in removing fine liquid droplets from gas flow [3]. The key in
designing a suitable vane system lays the cut off liquid droplet size as the vanes are
designed to trap the liquid when the gas is passed through the vane at high velocity

[4].

Unfortunately, vane demister or vane packs will not be used in this project due to its
complexity in designing and also would cost more time. Vane packs are also
complicated to simulate, it would need another project to verify or simulate the
results with it.

v ¢

Figure 2: Horizontal vane demister



2.2 Modelling and CFD Software
Model of the horizontal gas separator is modelled using two different modelling

software; ANSYS Design Modeler and CATIA. Best compatible design would then
be used to be meshed in CFD software. Due to its ease to model when compared to
other modelling software available in UTP such as AutoCAD, CATIA would be the
preferred software to design the model before running it in the CFD software
ANSYS Fluent. Nonetheless, it is advised to use ANSYS CFX in case that results

obtained do not present a reasonable conclusion.

The CFD model developed will be focusing on simulating the fluid movement and
separation process within the separator and at the outlets, especially the gas outlet.
The simulation will focus on the volume fraction and velocity of the liquid stream.
Though experiments and mathematical models have been developed, simulation
could yet prove to unlock the key to this crude carry over issue in horizontal
separators. By comparing experimental data to simulation results (Fluent), it predicts
the phase separation and velocities better, while being able to simulate conditions as

closely as possible to the exact situation [5].



2.3 Multiphase flow theory
Multiphase flow is flow with simultaneous presence of different phases, where phase

refers to solid, liquid or vapor state of matter. There are four main categories of
multiphase flows; gas-liquid, gas-solid, liquid-solid and three-phase flows. Further
characterization is commonly done according to the visual appearance of the flow as
separated, mixed or dispersed flow. These are called flow patterns or flow regimes
and the categorization of a multiphase flow in a certain flow regime is comparable to
the importance of knowing if a flow is laminar or turbulent in single-phase flow
analysis [6]. A flow pattern describes the geometrical distribution of the phases and
the flow pattern greatly affects phase distribution, velocity distribution and etcetera
for a certain flow situation [5]. A number of flow regimes exist and the possible flow
patterns differ depending on the geometry of the flow domain. For some simple
shapes, for example horizontal and vertical pipes, the flow patterns that occur for
different phase velocities etcetera have been summarized in a so called flow map.
The two extremes on a flow map is dispersed flow and separated flow. In separated
flow there is a distinct boundary between the phases. Examples of separated flow is
stratified flow where one phase is flowing on top of another or annular flow in a pipe
with a liquid film along the pipe and a gas core in the middle. Dispersed flow is flow
where one phase is widely distributed as solid particles or bubbles in another
continuous phase. Several intermediate regimes also exist, which contain both
separated and dispersed phases such as for example annular bubbly flow [5]. Due to
growing instabilities in one regime, transition to another regime can occur. This
phenomenon complicates the modelling of multiphase flow even further as the
transition is unpredictable and the different flow regimes are to some extent

governed by different physics.



2.3.1 Multiphase modelling approach
Models are used to be able to describe and predict the physics of multiphase flow. As

previously mentioned, modelling of multiphase flow is very complex. In addition,
there are also limitations in time, computer capacity etc. when performing numerical
studies. This has led to the development of models that can account for different
levels of information, meaning different levels of accuracy, and are suitable for
different multiphase flow applications [5]. Some of these modelling approaches are

presented below.

e Euler-Lagrange approach

In the Euler-Lagrange approach, particles are tracked on the level of a single particle
where particle refers to either a solid particle or a gas/fluid bubble/droplet.
Conservation equations are solved for the continuous phase and the particle phase is

tracked by solving the equations of motion for each particle.
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Conservation equations are solved for the continuous phase and the particle phase is
tracked by solving the equations of motion for each particle. The forces acting on
particles vary depending on the flow situation. The drag force is generally included
and other forces that can be of importance are for example lift force, virtual mass

force and/or history force.



e Euler-Euler approach

In Euler-Euler models all phases are treated as continuous. For that reason, these
models are often also called multi-fluid models. Multi-fluid models are appropriate
for separated flows where both phases can be described as a continuum. However,
the Euler-Euler approach can also be used to model dispersed flows when the overall
motion of particles is of interest rather than tracking individual particles. The
dispersed phase equations are averaged in each computational cell to achieve mean
fields. To be able to describe a dispersed phase as a continuum, the volume fraction
should be high and hence this approach is suitable for dense flows. The phases are
treated separately and one set of conservation equations are solved for each phase
[5]. The interphase exchange coefficients need to be modelled. Just as in the Euler-
Lagrange approach it is up to the modeler to decide which interphase phenomena to
include. In addition to the regular transport equations, a transport equation for the
volume fraction is also solved for each phase. The sum of the volume fractions
should be equal to one. The governing equations for a two-fluid model with two

continuous phases are shown below.

% +V (o p U ) =0

pat,p, U,
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A mixture model is a simplified version of an Euler-Euler model. As in the Euler-
Euler models both phases are treated as interpenetrating continua but in the mixture
model the transport equations are based on mixture properties, such as mixture
velocity, mixture viscosity etc. To track the different phases, a transport equation for
the volume fraction is also solved. The phases are allowed to move with different
velocities by using the concept of slip velocity, which in turn includes further

modelling.



e Volume of fluid approach

A third modelling approach is the volume of fluid (VOF) method. VOF belongs to
the Euler-Euler framework where all phases are treated as continuous, but in contrary
to the previous presented models the VOF model does not allow the phases to be
interpenetrating. The VOF method uses a phase indicator function, sometimes also
called a color function, to track the interface between two or more phases. The
indicator function has value one or zero when a control volume is entirely filled with
one of the phases and a value between one and zero if an interface is present in the
control volume. Hence, the phase indicator function has the properties of volume
fraction. The transport equations are solved for mixture properties without slip
velocity, meaning that all field variables are assumed to be shared between the
phases [5]. To track the interface, an advection equation for the indicator function is
solved. In order to obtain a sharp interface the discretization of the indicator function
equation is crucial. Different techniques have been proposed for this. The equations
solved in the VOF method are shown below.

=]
cp mn

-~ +Vl(pmu)=0
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O{J\J + V(pmuu): -VP+Vt+p, e+S=0
ot

Here p, = z% £, - The subscript m refers to mixture properties.
As the focus of the VOF method is to track the interface between two or more phases

it is suitable for flows with sharp interfaces, such as slug, stratified or free-surface
flows
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CHAPTER 3: METHODOLOGY

3.1 Flow Chart
The project begins with problem identification and literature review. The HPS is

modelled using ANSYS Design Modeler & CATIA while the simulation is run on
ANSYS Fluent. The projected flow of the project is as shown in the figure below.

START
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Research and
Literature Review

'

Develop Model of
Horizontal
Separator

Model Accurate?

Run Model in
CFD Simulation
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Y

Able to simulate
separation?

Mo

Final Report

END

Figure 3: Project flow chart
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3.2 Project Gantt Chart
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3.3 Model Design

In order to have a realistic design, a realistic design parameter would be needed. The
HPS is divided into many main parts, including the inlet, inlet deflector, liquid outlet,

gas outlet, vane pack and vessel. Design parameter is obtained from a major operator for

offshore production in this region. Physical data of the HPS are as shown below:

Table 1: HPS physical data

Internal Diameter (inch)

Internal Diameter (mm)

Vessel Inside Diameter 90.55 2300
Vessel Height 236.22 6000
Inlet 18 457.2

Liquid Outlet 9.56 242.824

Gas Outlet 11.38 289.052

Made View [ Print Preview.

Figure 4: HPS first ANSYS DesignModeler model
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The first model is designed with ANSYS DesignModeler. Initially found to be good. But
after running it in ANSYS Fluent, it is found that this model could not be meshed. This
is mainly due to the model only being modeled as “skin” and had some defects in its
inlet and outlet. Additionally, it has an unused weir in its geometry as this project will be
focusing on a 2-phase HPS.

A second model is then developed, with the weir removed. This model also cannot be
meshed in Fluent. After troubleshooting, it is decided that modeling using design

modeler would not produce anything good and thus changed the modeling software to
CATIA.

Model View [ Print Preview

Figure 5: HPS second ANSYS DesignModeler model

The first CATIA model is developed sometime later in the first project phase. Though
looked quite accurate at first, it was found that the geometry used for its inner diameter
in this model was wrong. The supposed inner diameter was used as radius and thus had a
very large size. Adjustments are made to the first CATIA model to get the model to be
used to simulate the preliminary result.

14



Figure 6: HPS first model modeled using CATIA

After many changes, the updated design model was produced. This model has all the
required components except the vane packs. It is decided that the vane pack is a

complicated feature and is not included in this project.

Figure 7: HPS second CATIA model

After many adjustments, the model is finalized. The updated model has a deflector near
the inlet pipe with a downward deflection of 45° and has a side blocker to ensure that the
liquid and gas entering the HPS is correctly deflected after coming through the inlet.

15



Figure 8: HPS final CATIA model

CATIA model proved to be the better of the two modeling software. This is mainly due
to the fact that the modelling software is more user-friendly and more versatile. The
ANSYS DesignModeler has very limited capability and thus making it harder to model
with. CATIA has a very broad tutorial online with many other users using this software
to develop models. Thus, when in need, help is not too far to reach. Author also has a
very limited experience with ANSYS DesignModeler, but better experience with

CATIA. Therefore, that might be one of the reasons for the mentioned justification.

16



3.4 Meshing
The CFD software used in this project is ANSYS Fluent. The software will focus on

simulating the fluid movement and separation process within the separator and its outlet

especially the gas outlet.

e

Figure 9: Mesh produced using second ANSY'S DesignModeler model

The first mesh is the mesh of the second ANSYS DesignModeler model using
“Automatic Method”. This model proved to be wrong in many ways. Mainly is due to its
geometry only covers the external or skin of the model. The inner side of the model is

hollow.

A

Figure 10: Initial mesh of final CATIA model

.......

The second CATIA model is found to be better as it meshed beautifully using
“Automatic Method”. Nevertheless, the mesh values are still coarse; with 13828 Nodes

and 8263 Elements. This mesh model is used to run the preliminary simulation.

17
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Figure 11: Mesh produced using final CATIA model

The final CATIA model proved to be the right model as it meshed beautifully using
“Patch Independent” method with further adjustments made by adjusting its method
from “automatic” to “tetrahedrons” and its algorithm from “patch conforming” to “patch
independent”. The mesh values are very fine with 338704 Nodes, 237636 Elements.
Thus becoming the best mesh produced for this project. Further enhancement of mesh is

done and found irrelevant due to more time needed to mesh and run calculations.

18



3.5 Setup

3.5.1 Preliminary Simulation Setup
The solver used for the preliminary simulation is pressure-based with absolute velocity

formulation. The gravity acceleration was set to -9.81m/s2 in the z-direction. This is due

to the design being modelled in the Z-Y coordinate, thus needing to adjust accordingly.

Steady time was selected due to this being a preliminary simulation to see if the iteration

could converge.

General

Mesh

| Scale... | | Chedk ||F'.epnrt Quality |
Display...

Solver

Type Velodty Formulation
@) Pressure-Based @) Abzolute

Density-Based Relative

Time
@) Steady
Transient

| Gravity Unitts...

Gravitational Acceleration

% (mfs2) | 0

=l

=l

¥ (mfs2) | 0

Z (ITIJ'ISZ:I | 9,81

(=]

Figure 12: Preliminary simulation general setup parameters

In models setup tab, multiphase mixture model is turned on with 2 Eulerian phases.

These will later be explained more in the materials selection. This setup is recommended

for oil and gas separation by software developer’s tutorial.

The viscous model is selected because it is the most suitable model for turbulent flow in

a mixture. This setting will probably be maintained for all setups after this, unless found

irrelevant.
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Figure 13: Preliminary models setup parameters

The preliminary simulation is aimed to achieve objectives. Thus, the material selection

consists of water-liquid and air for the fluid and aluminum as solid.

Materials

Materials

wateriquid
air

Solid
aluminum

Create Edit... Delete

Figure 14: Preliminary simulation material setup
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Next is the boundary conditions setup. This setup mainly focuses on the inlet and outlet
conditions. The inlet is set with the value of 1.2 MPa and 0 MPa at the outlets. This is to

ensure that the flow will move from the input to the corresponding outputs.

B velocity Inlet [
Zone Name Phase

| inlet | mixture

Momentum ]Thermal] Radiation] Spedes] DPM ] Mulﬁphase] ups ]

Supersonic/Initial Gauge Pressure (pascal) ’W [consiant ,]
Turbulence
Specification Method [InttansityI and Length Scale v]
Turbulent Intensity (%) ’5—
Turbulent Length Scale {m) ’0025— 8

[ CK ] [Cancel] [Help ]

)

Figure 15: Preliminary simulation inlet boundary condition setup for mixture

Solution method is set to be as most conservative possible. This is partly to achieve
preliminary simulation objective.

Solution Methods

Pressure-Velocity Coupling

Scheme

[smpLe -
Spatial Discretization

Gradient me
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Pressure
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Momentum 3

[First Order Upwind - ]

Volume Fraction

[First Order Upwind - ]

Turbulent Kinetic Energy

[First Order Upwind v] A

Mon-Iterative Time Advancement
Frozen Flux Formulation
Pseudo Transient

[ High Order Term Relaxation

Figure 16: Preliminary simulation solution methods setup

Solution is then initialized using hybrid initialization method. Calculation is set to 1000

iterations and then calculation is started. The solution converges.
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Figure 17: Convergence of solution
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3.5.2 Secondary Simulation Setup

The solver used for secondary simulation is pressure-based with absolute velocity

formulation. The gravity acceleration was set to -9.81m/s? in the z-direction. Transient

was selected due to the expected turbulence effect with the simulation.

General

Mesh

| Scale... ||

Check

| | Report Quality |

Display...

Solver

Type Velocty Formulation
@) Abzolute

Relative

@) Pressure-Based
Density-Based

Time
Steady
@ Transient

| Grawity
Gravitational Acceleration

¥ (m=2) | 0

¥ {ms2) | 0

Fi (ITI.l'ISZ:l | 3,81

| |

=

Units...

Figure 18: Secondary simulation general setup parameters

In models setup tab, multiphase mixture model is also turned on with 2 Eulerian phases.

The viscous model is selected because it is the most suitable model for turbulent flow in

mixture.

23



Meshing Models

Models Mesh Generation Models
Solution Setup Multiphase - Mixture
Models General Eneray - OFf
= . Viscous - Realizable k-2, Standard Wall Fn
Multiphase - Mixture %I Radiation - Off
laterials
Eneray - Off oh Heat Exchanger - Off
. ases Species - Off

Viscous - Realizable k-, Standard Wall Fri Cell Zone Conditions Discrete Phase - OfF

Radiation - Off ?r u:dla?' C;nd‘ﬁnns glfr;k:;uncsvgaﬁglm -off

Heat Exchanger - Off ———

Species - off Viscous Model Z§7|
Discrete Phase - Off dl s

- odel jodel Constani

Acoustics - Off = o

Eulerian Wall Film - Off e [EEEpslan
13
A |_‘ k-epsilon {2 egn)

= . 2 k-omega (2 eqn) TKE Prandt Number

Multi PhaSE Model —_— Transition k-kl-omega (3 eqn) 1
Transition S5T (4 egn)
" Reynelds Stress (7 eqn) TOR Prandt Mumber
Model Mumber of Eulerian Phases Scale-Adaptive Simulation (SAS)
© Off 3 Detached Eddy Simulation (DES) 12
= | £ Fluid (=] () Large Eddy Simulation (LES) Dispersion Prandt Number
Qlume oT Fiu

- ~epsilon Mode! 0.75
ixture =

(") Eulerian

RNG User-Defined Functions
Wet Steam @ Realizable Turbulent Viscosity
ear-Wall Treatment Iﬂoﬂe -
Mixture Parameters

1@ Standard Wall Functions
Scalable Wall Functions
Non-Equilibrium Wall Functions
(*) Enhanced Wall Treatment

. () User-Defined Wall Functions
Body Force Formulation

Implicit Body Force

Slip Velodty

Options

[ curvature Correction
[] Production Limiter
[ Mixture Drift Force

[ OK ] [Cancel] [Help ]

r

Figure 19: Secondary simulation models setup parameters

The material section for the secondary simulation still consists of water-liquid and air.

This is mainly due to achieve further simulation objectives of running with different
boundary conditions and mathematical models.

Materials

Materials
wateriquid
air

Solid
aluminum

Create/Edit... Delete

Figure 20: Secondary simulation material setup
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Next is the boundary conditions setup. Here, the inlet condition is set as:

Gas phase: Velocity Specification Method: Magnitude and Direction, with 0.3 in
Y-component & 0.7 in the Z-component.
Liquid phase: Velocity Specification Method: Magnitude and Direction, with 0.3

in Y-component & -0.7 in the Z-component.

This is to ensure that the flow each phase to move corresponding to its natural vectors,

while the outlet is maintained as pressure-outlet.

B Velocity Inlet [
Zone Name Fhaze
| inlet | aas

Mamentum lThermaIl Radiationl Species] DPM I Multiphase] ups ]

Velodty Spedfication Method [Magnimde and Direction V]
Reference Frame ’Absolute v]
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Coordinate System ICartesian 0, Y, D) v]
¥-Companent of Flow Direction | ) ’mnsmnt v]
¥-Companent of Flow Direction | 0.3 ’mnsmnt v]
Z-Companent of Flow Direction | 0.7 lmnsmnt v]

[ 0K ] [Cancel] [Help ]

Figure 21: Secondary simulation inlet boundary condition setup for gas
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Solution method for the further simulation is as shown in the figure below. This is partly

to achieve further simulation objective.

Solution Methods

Pressure-Yelodty Coupling
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Figure 22: Secondary simulation solution methods setup

Solution is then initialized using hybrid initialization method and fluid is completely
patched in the mesh. Calculation is set to 1000 iterations and then calculation is started.

Many try and error method is done in this phase of the project. Varieties of simulation

methods were used, which inevitably resulted in a better simulation to obtain the best

simulation result.
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3.5.3 Final simulation Setup
The solver used for final simulation is still pressure-based with absolute velocity

formulation. The gravity acceleration was set to -9.81m/s? in the z-direction. Transient
setting maintained.
General

Mesh
| Scale... || Check ||F‘.eport Guality |

Display...

Solver

Type Velocty Formulation
@) Pressure-Based @) Abzolute

Density-Based Relative

Time
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@ Transient
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=

Figure 23: Final simulation general setup parameters

In models setup tab, Eulerian model is turned on with 2 Eulerian phases. The Eulerian
parameter of “Multi-Fluid VOF Model” is also turned on with “implicit” scheme. The

viscous model is selected because it is the most suitable model for turbulent flow in

mixture.
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Figure 24: Final simulation models setup parameters

The material section for the final simulation consists of more realistic materials, that is

fuel-oil-liquid and methane gas. Both of which were extracted from the Fluent Material

Database.

Materials

Materials
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Solid
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[Create/Edit... ||

Delete

Figure 25: Final simulation material setup
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Next is the boundary conditions setup. Here, the inlet condition for mixture is set as
1.2MPa of pressure and 2.9454m/s for both velocities of gas and liquid.

Boundary Conditi

Momentum | Thermal | Radiaton | Species | DPM | Multiphase | uDs |

Stpersoicitel Gauge Pressire (2:c2) [ 1200000
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Figure 26: Mixture velocity inlet settings
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Figure 27: Liquid and gas setting at inlet

The pressures at both the outlets are kept the same at 1.0 MPa. This is to ensure that the
flow will go out at the corresponding outlets. The outlet pressure data was just a try and

error guess due to not being able to find a reasonably good operating data for it.
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Figure 28: Pressure outlets pressure kept at 1.0MPa

Solution method for the final simulation is as shown in the figure below.
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Figure 29: Final simulation solution methods setup
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Solution is then initialized using standard initialization method and to be computed from
the inlet.

Solution Initialization

Initizlization Methods
() Hybrid Initialization
(@ Standard Initialization

Compute from
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(@ Absolute
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Figure 30: Initialized using standard initialization method

Model is then patched to a height of 0.5m from the bottom base with the liquid, fuel-oil-

liquid.

1: Contours of Volume fractic v

988201
9.87e01
988001
98501
934201
98301
9.82e-01 ﬁ“
981001 o’

9.80e-01
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Figure 31: Bottom 0.5m of HPS marked and filled with fuel-oil-liquid
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Calculation is set to 0.01s time step with 300 time steps. This in turn gives a total
simulation time of 3s. Time steps were set to a maximum of 500 to hasten the

calculation.
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Figure 32: Setup used in this simulation
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CHAPTER 4: RESULTS AND DISCUSSION

4.1 Preliminary Simulation Results
Preliminary simulation results are presented in the form of graphs, contours, vectors, etc.

The most anticipated result would be the vector profile and is as shown below:

il
1.24e401
1.09e+01
9.33e+00
7.79e+00
B.24e+00
4.70e+00
3.16e+00
1.61e+00
6.89e-02

T

Velocity Vectors Colored By Velocity Magnitude (m/fs) Dec 31,2015
ANSYS Fluent 15.0 (3d, pbns, lam)

Figure 33: Velocity vector of the preliminary simulation

Due to the fact that the liquid and gas is understood by the software as a single fluid,
these fluids do not have any difference in individual characteristics. In figure above, it is
seen that mixture entering does not have any characteristics shown of it being liquid or
gas, but more likely as one mixture. More adjustments are made which eventually lead

up to a better result in further simulations.
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4.2 Secondary Simulation Results
The best result of the secondary simulation is presented in velocity contours, streamlines

and vectors of both gas & liquid phases, as shown below.

N
~¥e
=<
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e
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Figure 34: Liquid velocity contour

[} 1500 3.000 (m)
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Figure 35: Gas velocity contour
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Figure 36: Gas velocity streamline

Gas streamline shows a good separation. Despite that, it can be seen that many gas
particles went out the liquid outlet which is not quite right. There should only be traces
of gas flowing out the liquid outlet, while majority of the gas goes out through the gas
outlet.

o 2000 (m) ¥ t X 0 3,000 (m) ﬁbf
— — )

Figure 37: Liquid velocity streamline

This was also observed in the liquid velocity streamline, but in a sense that is correct
nonetheless. Majority of liquid is seen to exit at the liquid outlet and only a few particles
goes out at the gas outlet. This finding ultimately improves the understanding of
multiphase simulation.
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Both gas and liquid velocity vectors also show similar results to the streamline. Though,
it is found that most particles lose their velocity way before reaching their corresponding
outlets. This is seen to be inaccurate and thus, opted for another simulation to be carried

out.

o 1.000 2000 (m)
22
0.500 1.500

Figure 38: Gas velocity vector

Figure 39: Liquid velocity vector
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4.2 Final Simulation Results
The best result of the final simulation is presented in velocity contours, streamlines and

vectors of both gas & liquid phases, as shown below.

0 1.500 3.000 (m)
]

0.750 2250

Figure 40: Gas velocity vector

Here it is clearly seen that the gas velocity is as what has been set up in the setup, which
is 2.9454m/s at the inlet. It can also be seen that the high gas velocity created a lot of
turbulence in the model and also pushed the patched liquid at the bottom part of the HPS
to the side. Probably due to the small time step, the movement of the patched liquid
cannot be fully simulated. Gas particles were seen to be exiting the outlets at both ends,
but since the bottom part of the HPS is patched with fuel-oil-liquid, it is understood that
the pressure created by the gas particles only pushes the liquid more towards the liquid

outlet and no gas could pass the liquid barrier.
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Figure 41: Gas velocity streamline

As seen above, the gas streamline shows a very convincing graphic. The particles is seen
to be in turbulence inside the HPS and that is very much expected. Out of the 100
particles released in the HPS inlet, 8 went out the gas outlet and only 1 headed to the
liquid outlet. This presents a notable result.

Other streamlines were found to either end at the bottom of the HPS of somewhere
inside it. It is concluded that that is where the particles lose their energies and in this
case, the gas would then be pushed by other gas particles which circulates inside the
HPS and due to its very low density, it will float to the gas outlet located at the top right
corner.
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Figure 42: Liquid velocity streamline

On the other hand, the liquid velocity streamline shows a very convincing result. It can
be seen that the particles flow turbulently in the HPS and out of the 100 particles put at
the inlet, 9 went to the gas outlet. This gives an assumption of 9% of liquid particles of
the mixture end up flowing out the gas outlet. This result is very much anticipated from
the very beginning.

The possibility of the liquid percentage flowing out could be dramatically reduced if a
vane pack were to be present before the gas outlet. Its zig-zag design should be able to
reduce the liquid velocity and thus preventing it from going out the gas outlet.
Nevertheless, 9% of liquid flowing through to the gas outlet is a very big number to be
considered, hence the reason why liquid carry-over to the gas turbine occurs.

ANSYS

R15.0

Figure 43: 9 liquid particles seen to be exiting the gas outlet
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Figure 44: Gas velocity vector and liquid streamline

Another concern is regarding the gas velocity and liquid streamline. A local industry
expert suggests that liquid carry-over is mainly due to the speed of the gas particles
travelling in a HPS. In the industry, the mixture at the inlet is normally in the form of
wet gas. The main constituent of it is mainly gas, such as in this project that has a
volume fraction of gas of 98%. Hence when liquid is kept at a level at the bottom of the
HPS; as patched in simulation, it is predicted that the high velocity gas would hit the
liquid and some traces of liquid will be carried over with the gas to the gas outlet. This
project indeed agrees to the statement and the above figure supports the claim.
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CHAPTER 5: CONCLUSION AND RECOMMENDATION

This project is seen to be a success. With the CFD project result and model view, it
would make the separator to be easily understood and be open for further developments
or improvements in the future. Based on the results achieved, it is concluded that project
objectives are achieved. Flow pattern of a multiphase flow in an HPS can be simulated.
But due to its complexity, more studies need to be made so that more concrete results

can be presented.

The main area of focus of the multiphase separation, has been modelled, simulated and
studied to understand its behavior. The separation is understood to be due to the

gravitational effect on the liquid and the very low density of gas.

The case of the liquid carry over is seen to be a major obstacle in the HPS. This project
strongly agrees with that statement. But due to the absence of the vane pack, the result
would not be as accurate as hoped. Further simulation with more number of elements of
meshes would be recommended to enhance the results, but with that, more time will be

needed as computational hardware plays a vital role.

The design of the deflector could also be revised so as to be deflected to the top side of
the HPS. This is so that the gas would not be in direct contact with the liquid at the
bottom of the HPS. That may indeed reduce the impact of crude carry-over by gas. More
studies would be suggested for this method. A weir might also play a vital role in
preventing splashes of liquid in the HPS. These theories must first be simulated before

any change could be introduced to the industry.
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