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Abstract Decommissioning  offshore platforms
present unique safety and health challenges to the oil and
gas industry. In the Malaysian waters, there are over 300
fixed jacket platforms, and most of them exceeded the
design service life of 25 to 30 years. One of the key
challenges that determine the method of removal of aged
jacket platforms is subsea cutting techniques. As
underwater cutting is a challenging and expensive task, it is
very much essential to develop cost-effective cutting
techniques for decommissioning fixed jacket platforms.
Thus, the objective of this paper is to present the state of art
on Abrasive Water Jet (AWJ) cutting techniques by
identifying the most significant parameters affecting the
performance output measures for decommissioning of
Jacket platforms applications. As the cutting process is
very complex and times consuming tasks, the paper
identifies research gaps and recommends new research
areas in Multi Nozzles Abrasive Water Jet (MN-AW]J) for
decommissioning applications. Many parameters are
affecting the performance of AWJ that is why an in-depth
critical review was adopted in this manuscript to determine
the most significant parameters that need to be considered
in the optimization of AWJ performance.

Keywords Abrasive Waterjet Technology, Erosion,
Machining Processes, Material Cutting, MN-AW]

1. Introduction

The power of water and its erosive effect has been
serving the mankind for hundreds of years especially in the
Roman Empire [1, 2]. The ancient Egyptians used sand
combined with water for mining and cleaning.
High-pressure water has been used for cutting in both
forestry and mining. Abrasive waterjet is a manufacturing
technique in which a high-pressure water stream mixed
with hard particles removes material from a given object
due to collision impact loads. This method is beneficial for
processing hard or composite materials for engineering
applications. The abrasive water jet system was applied for
the first time in the United States. Modern industrial
application of water jet technology was developed and get
patented the concept of a high-pressure water jet cutting
system in 1968 [3].

1.1. Abrasive Water Jet

Abrasive water jet (AWJ) is a processing method that
has been used and widely adopted in the industry for
cutting ductile materials such as aluminum, steel, alloys as
well as brittle materials such as stone, concrete and ceramic
[4, 5]. The AWJ machining techniques are also used in a
variety of applications namely for milling, polishing,
drilling, and turning [6]. Abrasive jet machining is a
nontraditional machine process that operates without
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producing shocks or heat [4, 7]. In AWJ the cutting process  ®
takes place based on the erosion of the workpiece material
caused by the impact of hard particles [6, 8]. A typical
cross-sectional view of the AWJ nozzle [9] for common
engineering applications is presented in Fig. 1. .
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Figure 1. Typical details of AWJ nozzle components

1.2. Components of Abrasive Water Jet

As presented in Fig. 2, the AWJ system consists of a
high-pressure water inlet, abrasive inlet, cutting head,
water nozzle, mixing chamber, and focusing tube [9-11].
The important components of abrasive water jet are briefly
discussed below:
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Water Pump: Pumps with pressure capacities up to
600 MPa are normally used to generate high-pressure
water in the tube above the orifice, where the fluid is
forced to pass through a tinny opening.

Abrasive materials: Abrasive are solid particles fed
with high velocity into the mixing chamber through
the abrasive port, where they coincide with the
waterjet and are accelerated through the focusing tube.
In some AWJ systems, excessive abrasive particles
are normally flushed out by the flowing air to avoid
clogging.

Mixing head: The mixing head consists of the
pressurized water supply line connected to the mixing
chamber with an orifice, the abrasive supply line, the
mixing chamber, and the focusing tube [1, 12].
Workpiece: Is the target object metal being cut or
shaped by the AWJ system. The workpiece is
normally supported on a steel grid. Additional lateral
supports are usually provided to restrict any
displacement of the material which might influence
the cutting accuracy.

The collector: The collector is a container filled with
water just below the workpiece. The main objective
of the collector is to reduce the velocity of the water
jet and keep the abrasive particles at the bottom of the
tank. The top of the collector tank can be enclosed by
covering sheets to prevent the dispersion of the
volatile particles to the surrounding atmosphere.
Moving Platform: The AWJ process the desired
products by moving the jet nozzle across the
workpiece to produce the required cut or finish. The
motion of the nozzle is often performed by mounting
on an x-y table or three-dimensional shaping robots
for more complex components.
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Figure 2. Schematic diagram: a) Water Jet cutting b) Abrasive Water Jet cutting, and c) Abrasive Suspension Water Jet: 1. High-pressure water inlet,
2. Abrasive inlet, 3. Cutting head, 4. Water nozzle, 5. Mixing chamber, 6. Focusing tube, 7. High-Speed Abrasive Water Jet, 8. Cutting sample, 9.
High-Speed Water Jet, 10. Pressure vessel, 11. Wet abrasive, 12. High-pressure flexible hose
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Figure 3. Different types of common abrasive materials

1.3. Abrasives Materials

Abrasive are hard particles used in abrasive water jets to
enable cutting much harder materials such as metal, alloys,
and composites that cannot be processed using the pure
waterjet system. Aluminum oxide, sand, olivine, silicon
carbide, and garnet are some of the main abrasive materials
used in the industry today [10]. Abrasive particles are hard
materials characterized by an outer diameter varying from
50 to 500 um, and a mass density of up to 4000 kg/m’[13].
Fig. 3 shows the most used types of abrasive particles
available in the industry for AWJ applications [14].

The operation of abrasive waterjet cutting is mainly
governed by the wearing mechanism of the high-velocity
abrasive waterjet on the workpiece. The jet is formed when
the abrasive particles are mixed with the high-velocity
water in the mixing chamber, which is then forced to pass
through a tiny orifice. The accelerated jet exit the nozzle
with a very high speed that exceeds twice the speed of
sound can easily cut the target object as it passes through
the workpiece [15]. When the high-pressure water
generated by the pump passes through the nozzle, a
high-speed water jet is created, and consequently, a
vacuum is produced in the mixing chamber. Due to the
pressure difference between the abrasive inlet tube and the
mixing chamber, the abrasive particles are sucked into the
mixing chamber via a phenomenon called pneumatic

transportation mechanism, and the abrasive particles are
blended with the water jet. Then the mix passes through the
exit nozzle, which produces the high-speed abrasive water
jets [16].

1.4. Mechanism of Abrasive Water Jet Cutting for
Ductile Materials

Erosion is a complex phenomenon that occurs in several
aspects of engineering applications namely in gas turbines,
rocket nozzles, and abrasive waterjet machining. Cutting of
the workpiece by erosion mechanism depends on the flow
velocity, size, shape of abrasives particles, angle of attack,
and the loading ratio of the abrasive particles [7]. For
ductile materials, the impact loads of the abrasive particles
falling with very high velocity cause localized plastic strain
at the sample piece. The process of material removal occurs
when the strain value resulting from the impact loads
exceeds the failure capacity of the material. The
micro-cutting occurs at a low impact angle, regardless of
the global impact angle of the jet with the material being
processed [17]. As shown in Fig. 4, the jet traverses over
the workpiece at a predefined traverse speed. The kerf is
gradually displaced in the traverse direction as the
machining continues. In the upper part of the kerf, the
abrasive particles are at a shallow inclination angle to the
local kerf geometry [16].
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Figure 4. Details of the kerf geometry on a workpiece
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Table 1. Summary of Abrasive Water Jet Advantages
No. Component Description
| The workpiece is deformed | Deformation of the workpiece is not taking place during the AW1J cutting process as the sample
during the cutting process is not subjected to heat or mechanical stress.
. . The h is i | i h LA |
) Thermal distortion he eat ge.nerated is 1n§tantaneous y carried away by the water. As a result, no temperature
rise occurs in the workpiece [15].
Abrasive waterjet is an effective technique in machining, thus, many hard-to-cut engineering
3 High machining adaptability materials such as steel, concrete, alloys, high strength advanced composites can be easily cut
using this technology.
4 Easy integration with | AWIJ machining can easily be integrated into computer-controlled cutting systems and six
mechanical manipulator degrees of freedom robots.
AW]J system depends on the pump, water (operating fluids), silica, and sand which are
5 Availability classified as low cost and abundant materials, so the AWJ process can be considered as widely
available.
. This technique is not consuming a lot of water, as the average water consumption of an
6 Low water consumption . . .. . .
abrasive water cutting unit is around 0.5 liter per minute.
. As there is no generated heat during the cutting process, the chance of having a fire hazard is
Safety and environmental - o . ] . . L C
7 R minimal. In addition, there is no danger from flying objects or radiation emission, thus, safety
Degradation issues . . .
and environmental issues related to AWJ are negligible.
3 Thin cut AWI is often preferred to other cutting techniques as it can produce thin cuts with precisely
controlled direction and cutting penetration [1].
AW/ cutting can produce a high-quality surface finish. For instance, if 60 to 100 grit abrasive
9 Good surface quality material is used at a flow rate of 0.22 to 1.1 kg/min, a clean-finished surface with a roughness

of 3.2 to 6.3 um can be achieved.
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1.5. Advantages of Abrasive Water Jet System

AWIJ cutting technology has many advantages as
compared to other nonconventional cutting techniques [18,
19]. The AW]J cutting can offer the following advantages as
compared with traditional and nontraditional machining
processes as described in Table 1.

1.6. Classifications of Abrasive Water Jets Nozzles

The review of the literature shows that there are various
types of abrasive jets nozzles. Some of the most common
types are discussed in the following paragraphs:

1.6.1. Single water Jet Nozzle with Side Entry Supply

Single water jet nozzles in which the abrasive is supplied
from the side are the most common types of AWJ nozzles
available in the industry. High-pressure water passes
through the orifice to the mixing chamber and produces the
high-pressure water jet. The role of the mixing chamber is
to blend the abrasives with the pressurized water [16].

1.6.2. Single Jet Nozzle with Tangential Supply

As reported by Huang, et al. [16], in this type of AWJ,
the inlet tubes for the abrasive are arranged to be along the
tangential direction of the mixing chamber, and a parallel
point for air supply is provided at the abrasive inlet. A
slurry pump is used to inject the abrasive into the nozzle.
The injection of high-pressure water forces the abrasive
particles and air entering the mixing chamber at the same
time, rotate, move onward, fully mixing the abrasive and
water jets. As a result, the cutting efficiency of AWJ can be
improved, and the probability of clogging of the nozzle is
minimized.

1.6.3. Multijet Nozzle with Side Entry Supply

Multiple nozzle jets are arranged in parallel on the top of
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the nozzle. The nozzles can be distributed into parallel
setup and converging multiple jets with side entry supply
[16]. This type of multijet nozzle has many advantages,
however, due to the limitation of hole spacing, the size of
the abrasive jet diameter is large, the mixing effect is good,
and the cutting ability is improved, but the width of the
grooving is wide. Hence, to reduce the diameter of jets, the
axis arrangement of various nozzles can be changed from
parallel to convergent along the center of the nozzle.

1.6.4. Multijet Central Entry Nozzle

In this type of AWJ, the abrasives enter the mixing
chamber from the middle and are mixed with water jets to
improve the mixing efficiency. As the mixing effect is not
apparent and the radial dimension is large; this type of
nozzle is rarely used for industrial applications [16].

2. Theoretical Analysis of the Particle
Acceleration in AWJ

The mechanism of material removal in AWJ cutting is
due to the erosion caused by the impact loads of
high-velocity abrasives on the workpiece. A large amount
of kinetic energy is transferred to the work material by the
abrasives particles that strike the workpiece at an
approximated rate of one million collisions per second. The
damages caused to the workpiece by the impact of solid
particles mixed with the accelerating fluid are called
erosion. The parameters affecting the material removal
rates and the depth of cut include the water pressure, the
diameter of the orifice, length and diameter of mixing tube
and, type and size of abrasive materials, abrasive flow rate,
traverse speed, cutting angle and the type and hardness of
the material [7]. Fig. 5 shows a schematic diagram of
abrasive water jet cutting parameters [20].
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Figure 5. Schematic diagram of abrasive water jet cutting machine

2.1. Theory of AWJ Cutting for Ductile Material

The amount of material that can be removed by a single
abrasive particle is a function of the particle’s mass, ma,
and velocity, va. The particle’s kinetic energy, EP, kcan be
calculated using the following equation [21]:

1

EP= 5 myv: (1)

Similarly, the kinetic power, PP, kin, of the cutting jet
can be written as a function of the particle’s mass flow rate

ma , and its velocity as follows:

1 .
PE=5mﬂ 2)
This means, to maximize the abrasive kinetic power of
the cutting jet the velocity of the abrasive particles, and the
abrasive mass flow rates must be increased. The physics

associated with the velocity of abrasive particles exiting the
nozzle is a complex phenomenon of all abrasive waterjet
process parameters and the geometrical design of the
waterjet nozzle. It is a function of the momentum transfer
efficiency, Wa, between the waterjet and the abrasives [21].

V=YL ®

The abrasive mass flow rate is an input parameter, but in
practice, it is generally chosen to be proportional to the
waterjet mass flow rates by a proportionality constant, R as
depicted in Equation 4.

m,=Rm, )
The kinematic power of the abrasive cutting jet can be
presented as follows [21]:

)

a,k w

1
P :_me
2 Vo
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The potential energy of the pressure is converted into
waterjet kinetic energy. This energy accelerates the
abrasive particles that cut the material when struck with the
workpiece. Typically, the geometry of AWIJ is optimized
based on the parameters to be used. However, in some
situations, the geometry is controlled by the application
and thus the parameters are selected to best cut the material
[9]. For offshore decommissioning applications, the water
jet geometry, the governing parameters, and the overall
setup of the machine must be appropriately designed for
the intended decommissioning tasks in deep water.

2.2. Research Challenges Related to AWJ

Although the review of the literature shows that,
parameters affecting AWJ have been investigated by many
researchers, wide experimental investigations are required
to fully understand the relationship between the important
parameters [4, 22]. In the following sections, the important
components of AWJ that need further investigations are
discussed.

2.2.1. Cutting Head

NOZZLE
BODY

VACUUM
ASSIST

ABRASIVE
INLET

ORIFICE T—=MIXING

f) AREA

- MIXING
CHAMBER

HOLDING
NUT

MIXING =]
TUBE

\
Figure 6. A typical cross-sectional view of a high-performance AWJ
cutting head

Selecting the appropriate jewels, geometry and design
configurations of the orifice are critical factors in
optimizing the performance of a waterjet cutting head. The
orifice jewels are commonly made of synthetic sapphire,
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synthetic ruby, and diamond [23]. The waterjet nozzle
creates and aligns the cutting beam of high-pressure water
to erode the target object powerfully. The effectiveness of
the cutting beam requires delivery of power at the point of
cutting efficiently. High-pressure pumps deliver water
pressure to the cutting head at pressures varying from 276
to 600 MPa. Once the pressurized water is forced to pass
through the orifice, a high-velocity waterjet is created.
Hashish [24] conducted intensive research to determine the
design considerations of the components of an AWJ cutting
head and investigated their effects on the quality of
abrasive waterjet and concluded that the length of the
nozzle should be at least 20 times the diameter of the
nozzle to produce good coherent jets. Further, the quality
of waterjet flow is critical to ensure optimal and precise
cutting [23]. Figure 6 shows a cross-sectional view of an
abrasive waterjet cutting head.

2.2.2. Characteristics of Flow

Maintaining high-quality stream flow is very much
essential to achieve precise cutting in AWJ. The quality of
the jet stream is controlled by the alignment and coherency.
Alignment is a measure of how true the stream is to the
designed direction of travel and it is coaxial to the inside
diameter of the mixing tube. Coherency is defined as a
measure of the distance traveled by the water stream before
the cross-sectional diameter of the stream diameter
becomes larger than 200% of its value when exiting the
orifice [23].

2.2.3. Effect of Orifice Set up on Alignment

The quality of waterjet stream alignment is influenced
by the location of the jewel in the orifice as well as the
location of the orifice in the cutting head. This implies that
the alignment of registers between the mount and the
corresponding surfaces of the cutting head is designed
carefully to achieve optimum performance. Any poorly
aligned stream will wear down the internal walls of the
mixing chamber, and consequently, shorten the design life
span of the abrasive waterjet [23].

2.2.4. Effect of Mixing Tube on Alignment

The length of the mixing tube can affect the ability of the
mixing chamber to focus the streamflow of the jet. If the
mixing tube is long, it will provide a longer influence on
the abrasive entrained water stream, and consequently
result in a better focus as compared to a shorter mixing tube.
This will improve the precision of water jets gradually.
When analyzing the effect of a smaller inner diameter to
larger inner diameter mixing tubes, the following
characteristics are affected [23]:

*  Gradual increase in the cutting speed

*  Decrease in the service life of mixing tubes
*  Enhanced precision

*  Smaller cutting width
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2.2.5. Orifice

The orifice typically consists of a jewel with a hole,
placed into a frame. The design of an orifice is governed by
several factors such as precision, costs, serviceable life, etc.
For a given application, the design life of AW] is the point
at which the cutting quality exceeds the acceptable limits
[23]. The service life of the orifice is affected by many
parameters such as alignment, fatigue damage of the jewel
mount, and erosion. Fig. 7 shows the details of a diamond
orifice used for an abrasive water jet [25].

2.2.6. The Jewel
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Depending upon the application, type, and thickness of
material to be cut, and the economics of the cutting process,
diamond, ruby, or sapphire are commonly used as a jewel
in the AWJ industry. Fig. 8 provides a comparison of jewel
leading-edge geometry [23]. The shape of the entry edge of
the opening has a great influence over the nature of the
flow through the orifice. The diameter of the hole, the
opening entrance geometry, and the pressure difference
between the entrance and exit influence the quality of the
flow. Thus, from the research viewpoint, improving jewel
geometry is an important research gap for optimizing AWJ
techniques for offshore decommissioning applications.
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The behavior of the streamflow through an orifice is
better explained using the coefficient of discharge, Cd. The
value of Cd increases as the leading edge of the orifice
changes from sharp to radius [13]. A larger drag coefficient
leads to a greater flow rate. A study by Begenir [26] shows
that cone-down mount geometry jewel has the following
advantages:

*  Produce a greater velocity coefficient and lower
discharge coefficient.

*  Significantly reduces cavitation and turbulence in the
jet.

* Reducing the cone angle will not affect the
constricted waterjet.

*  The increasing nozzle aspect ratio will not affect the
constricted waterjet.

2.3. Research Gap Related to AWJ

In the flowing sections, the research gap identified from
the literature review is briefly discussed.

2.3.1. The Nozzles

The nozzle is the most critical part of the abrasive air-jet
equipment. The process can be easily controlled by varying
the parameters such as velocity, flow rate, pressure,
standoff distance, grit size, and nozzle angle. Response
variables like surface finish, material removal rate, kerfs
width is producing a cylindrical hole [4]. The
characteristics of the cut depend on the velocity, angle of
attack, size and shape, and loading ratio of the abrasive
particles [7]. Abrasive waterjet machining models must
incorporate hydraulic, abrasive, mixing plus cutting
settings and cut quality requirements; each category has
requirements that must be identified [6].

2.3.2. Wearing of the Nozzle

The quick wearing of the nozzle is one of the technical
challenges that need to be addressed by researchers. The
first abrasive jet nozzles wore down so quickly that the jet
would change its characteristics during the production of a
single large part. Early abrasive jets were used for simple
machining work only. The development of new materials
has increased tube life from three or four hours to 50-100
hours. Nozzles have either rectangular or circular shapes
and can be straight to the target at an angle of 180°, or a
right angle of 90°. As the wear down of an abrasive nozzle
increase during the process, the divergence of the jet stream
increases resulting in a high degree of inaccuracy [4, 14].
For decom application, the quick wearing of the nozzle is a
challenging technical problem that needs to be addressed
by researchers to achieve a cost-effective cutting system
for offshore application.

2.3.3. Design of Orifice

This is an important issue in AW]J as highlighted by [26].
Thus, this study can be extended to multi-nozzle orifice
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mounts, where the interaction of multi-abrasive inlets, with
a different configuration of nozzle length and orifice
geometry, can be considered as an important research gap
for MA-AW]J for decom applications.

2.3.4. Numerical Simulation of AWJ

As the physics controlling the flow characteristics of
AW]J is complex, and the parameters that affect the
performance of the AWJ system are complex, designers
tend to use numerical simulations tools to improve the
complex unsteady turbulent two-phase 3D flow inside an
AW] orifice. In this project, due to the limitation of testing
facilities, and to reduce the cost implications of model
testing, more emphasis is given to the numerical simulation
of AWJ. The application of numerical tools to study the
complex physical phenomenon in AWJ is not new.
Mostofa, et al. [27] investigated the effect of fixing tube
length and reported that the length of the focusing tube is
responsible for accelerating the abrasive particles. The
study also suggests that the erosion rate increases on the
focusing tube wall when the particle shape factor is
changed. Generally, if the mass flow rate of the abrasive is
very high, the efficiency of the jet will be decreased. When
the high-speed turbulent waterjet comes in contact with the
air stream, a vortex is developed inside the mixing chamber
this vortex has effects on the mixing of different phases.
The streamline vectors of the abrasive particles are
controlled by the shape of the mixing chamber. At present,
the mixing chamber used is generally having a cylindrical
shape. However, further investigation can be conducted to
visualize the mixing behavior for circular, elliptical, and
hyperbolic shaped mixing tubes, as these new shapes might
be able to guide the streamline to the jet more effectively.
Machine learning is an important tool that is getting much
attention as it provides an estimate of the analysis before
going into the practical experimentation [28-31]. Various
researchers utilized machine learning techniques in AWJ
as well [32-36]. In this manner, Wenjun, et al. [37] used the
Arbitrary Lagrange—Euler algorithm to create the AWJ
model. With the help of the modeling, a relationship was
identified between the cutting depth and processing
parameters of AWJ. Similarly, Feng, et al. [38] used the
Finite Element Method for AWJ cutting, where the model
was validated by making a comparison between
experimental and theoretical data, while Shahverdi, et al.
[39] adopted Arbitrary Lagrangian-Eulerian and Smoothed
Particle Hydrodynamics methods for AWJ cutting.

2.4. Optimization of Parameters

Since abrasive water jet cutting is comparatively a new
process, a review of the existing literature indicates that
many improvements and developments are ongoing to
optimize and standardize this technique [40]. The cutting
rate is determined by several parameters such as waterjet
pressure, water flow rate, abrasive mass flow, stand-off
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distance, and material hardness [3]. Chaudhari and Patel
[41] conducted an experimental study to optimize the
process parameters in AWJ machining. Stainless steel 308
was used in this study and concluded that increasing the
water pressure will increase the depth of the cut. In addition,
they also observed that increasing the traverse speed led to
an increase in surface roughness. In another study Kumar
and Shukla [7] determine the effect of particle impact angle
on erosion rate. The simulation results for 77 alloy show a
peak erosion rate at an angle of 45°, which is the typical
behavior of a ductile material. They also concluded that the
angle at which the maximum erosion occurs is a function of
the material. Fig. 9 shows the relationship between the
independent variable and the dependant in AWJ [14].

2.4.1. The Significance of AWJ Parameters

The effects of AWJ parameters on machining results are
presented in Table 2. The table indicates that the important
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parameters affecting the machining performance of AWJ
are volume removal rate, depth of cut, the width of cut,
surface waviness surface roughness, and running cost. The
importance of AWJ parameters on the machining results
are classified as follows:

*  Most significant [3]

*  Significant [2]

*  Less significant [1]

e  Not significant [0]

Volume removal rate, depth of cut, and width of cut are
the important machining results are the import machining
results that are related to decommissioning of jacket
platforms. From Table 2, we can conclude that the most
important AWJ parameters that influence the machining
performance are the pressure (P), water jet orifice diameter
(DO0), abrasive flow rate (Ma), focusing tube diameter (Dn).

El i E E E| i
3 increased o RN decreased | 5| ~_ 2 decreased | &| increased b
g o~ g N ] 7 v
Q Q . Q o Q 7
I P 2 I 5 5] % 5] ~
£ = £ R < oy < e,
&b > o ~ oD % o >
= ~ = ! = N = >
<] i 9] e <] . <] »
& 7 & : ~ ] g ~ M 7
o 7 @ Optimum ~ @ Optimum ~ @ s
] 7 s 1 - N s alue g R ¥ s b
T |Ea Optimum ksl Vaue ; G k=l i 3 =l | Optimum
] 3 ] 5
7 value 7 2] 7] value
= decreased 2 increased 2 increased 2 decreased
£ X £ £ E
5 2 > 5 v 5 > 5 A
S S w S ’ S
P P o~ P
(=] (=] (=] o
o = k= = k=]
x| & Optimum [ : 5 Iy Optimum
Ny A value A Optimum a Optimum /A value
o value value
Bl = _ —_ —_
@ | €| increased . g ~ decreased | E| - decreased €| increased .
S 2 ik = N 2 ™™ = ” 4
s 7 7Y N, 7 N 7 »
3] 8 pad O ~ Q \ <
o[ | P ot S = p— o
© g <} N ) N ]
= Pl = \’\ = N = //
) g \ @ LN ) 3 : L N @ e
5] 7 4 +] Optimum » < Q Optimum : . o 7
“S bt “g 1 ! S ‘g value PN ‘g 7%
5| 7 Optimum 5 value . 5 ~ 5| - Optimum
w " w ' w
value value
~ | increased _ . decreased | decreased x| increased »
= © = . = ~ = > 4
2 S 2 o 9 = 9 o
£=| E=| : F=| \ £=]
E P £ S £ e 2 4
S o St S / 'y St oe o
] 8] @ ~ o} ~ ) 7
7 =53]
E 2 ox : E : \\ E ; \ ‘(“% :
“ “ Optimum NG = Optimum NG “
M Optimum z value : N z value H B <| 7 optimum :
value value :

Traverse Speed (mm/min) Abrasive Mass Flow Rate (g/min)

Water Pressure (MPa) Standoff Diastance (mm)

increased inx -axis

Figure 9. Relationship between the input data and the output data in AWJ
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Table 2. Significance of AWJ parameters on machining results [3, 42, 43]
AW] Parameters Machining Parameter
NO. Machining Results Alpha Sp
(degree) (Stand Off Distance)

90 2 mm[3], [15], 4mm[43]
1 Volume Removal Rate 20-30[16] 2-4mm[44]

90 2 mm[15], [3],
2 Depth of Cut 20-30 [16] 4mm[43]

. 90 2 mm [3], [15]
3 Width of Cut 20-30 [16] 4mm[43]
. 90
4 Surface Waviness 2030 [16] 2 mm[3], [15], 4mm[43]
5 Surface Roughness %0 2 mm
Y ue 20-30 [16]
. . 90
6 Running Cost Of Cutting 20-30 [16] 2 mm(3], [15], 4mm[43]
Definition of parameters
P Do Ln Dn Ma Dp TMa Alpha SD
Pressure Water. Jet Orifice Focusing Tube Focu.smg Tube Abrasive Flow Rate Particle Diameter Material Angle Of Attack Standoff Distance
Diameter Length Diameter
Color Coding

Significant

Less significant

Not significant
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Table 3. Effect of increasing the value parameter on the depth of cut [14, 15, 41, 45]
P Do Ln Dn Ma Dp TMa Alpha | Stand off Traverse
speed
Parameter Wat.er jet | focusing | focusing abrasive particle ‘ Angle .
Pressure orifice tube tube . material of Distance
. . flow rate | diameter
diameter length diameter attack
Volume
Removal Rate
Depth OF Cut 1144
Width Of Cut
Color Coding

2.4.2. Effect of AWJ Parameters on the Depth of Cut

As the abrasive jet system consists of many parameters,
this section is highlighting the influence of the most
important components in the depth of cut as presented in
Table 3. Colour coding was adopted to differentiate the
importance of each parameter. The green color means the
depth of cut is increasing, while the red color means the
depth of cut is decreasing.

2.5. Multi-Nozzle AWJ for Jacket Leg Cutting

Based on the literature review, it is obvious that the AWJ
cutting system is new, however, to implement this cutting
in an offshore application for cutting of jacket legs special
consideration is needed to improve the performance of a
single nozzle abrasive water jat. Generally, AWJ can be
used to cut jacket legs during decommissioning, but this
process is costly and time-consuming. Thus, expedite the
process of cutting, and reduce the cost, two concepts design
for Multi Nozzle abrasive water jets are proposed as
follows:

2.6. MN-AWJ: 3 Lines with 3 Single AWJ

This proposal consists of a Multi Nozzle abrasive water
jet that consists of three individual abrasive water jets
connected using separate input lines. This proposal seems

reasonable, as the design of the MN-AWIJ will be using the
optimum design of the single abrasive nozzle, but these
individual AWJ will be fixed in a new configuration to act
as a single multi-nozzle system. The proposed
configuration is shown in Figure 10. As currently, no clear
studies are supporting the performance of the proposed
MN-AWJ, CFD simulations are being conducted to
determine to terminate the performance and operation
criteria of the new MN-AW/J.

2.6.1. MN-AW1J: Two (2) Mainlines with Three (3) Single
AW]

In this second proposal, the Multi-Nozzle abrasive water
jet will consist of two main lines as shown in Figure 11.
One line will supply the pressurized water, while the
second line will supply the abrasive materials. Then, each
of these two mainlines will be subdivided into three
individual inlet points to form the Multi-Nozzle Abrasive
Water Jet. The challenging part in this new design is how to
maintain the required pressure inside the loop and achieve
the optimum mixing ratio that will increase the
performance of cutting and reduce the overall cost of
decommissioning of jacket platforms. Computational Fluid
Dynamic simulation is currently ongoing to better
understand this new concept design. Then the model test
will be conducted for validation purposes.
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Fixing pads

Actuator for fixing
pads

Stepper/servo
motor for 0-130

Cutting part

Figure 10. MN-AW], 3 lines with 3 nozzles, fixed at 120 degrees, connected in circular arrange

High pressure
water hose

separator

Nozzle Holder

Single nozzle AWI

Abrasive hose

’ Slope actuator
Attack angle and
correcting the cut

standoff actuator
And main pin connector

Adjusting standoff distance rail

Figure 11. MN-AW]J, two (2) main supply lines that will be divided into three (3) inlet points at the bottom

3. Conclusions

This paper provided a brief background of Abrasive
Water Jet (AWJ), components of the abrasive water
jet, type of abrasives available in the industry, how
abrasive water jet operates. The classification of
abrasive water jets nozzles was also discussed. This
paper also provided a brief literature review and

highlighted the important parameters affecting AWJ.
More emphasis was given to Research Question,
Theoretical Analysis of the Particle Acceleration in
AW]J, Research Challenges, Important parameters
affecting AWJ, and the way forward to develop a
Multi-Nozzle Abrasive Water Jet based on the
Literature Review and the industry need.
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e It is important to determine the optimum feeding
angle that can lead to improving the performance of
the system and avoid blockage and reduce the
probability of clogging and improve performance.

*  Single Jet Nozzle with tangential feed is one option
that can be investigated. In this type of AW, the inlet
tubes for the abrasive are arranged to be along the
tangential direction of the mixing chamber, and a
parallel point for air supply is provided at the abrasive
inlet. A slurry pump is used to inject the abrasive into
the nozzle. The injection of high-pressure water
forces the abrasive particles and air entering the
mixing chamber at the same time, rotate, move
onward, fully mixing the abrasive and water jets. As a
result, the cutting efficiency of AWJ can be improved,
and the probability of clogging of the nozzle is
minimized.

*  Further, increasing the mixing tube size, to avoid
clogging, the best angle of the abrasive inlet, the
geometry of the chamber are some of the parameters
that need in-depth investigation. The design of a
mixing chamber which can create a steady suction of
the abrasive particles is an important area of research
that can be considered in this study. The important
geometrical factors affecting the design of AWJ are
the mixing chamber which is one of the three main
parts of a conventional AWJ nozzle; the other parts
are the orifice and the nozzle body.

e As the cutting process of jacket legs during
decommissioning is costly and time-consuming, two
concept designs for Multi Nozzle AWJ are proposed
for Jacket leg cutting. The two concepts are namely a)

MN-AWIJ: 3 lines with 3 single AWJ and b) MN-AWJ:

Two (2) Mainlines with three (3) single AWJ. These
concepts designs need to be optimized using CFD
simulation & model testing.
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