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Abstract

Erosion wear is a severe issue in different industrial applications results in economic costs and
operational failure. In most of the industry pipelines are used to handle the slurry during industrial
process, the slurry handling pipeline is failure due to erosion wear. The slurry pot test rig is developed
and fabricated for investigating the erosion wear rate of different material and solid particles used in the
slurry pipeline with various working conditions. The various influencing parameters such as solid particle
flow velocity, impact angle, solid particle size, and concentration are responsible for the rate of material
loss and erosion wear mechanisms. The present study is based on experimental work and its validation of
results of slurry erosion wear for slurry handling pipeline using slurry pot test rig and CFD simulation.
For experimentation, mild steel is used as pipeline material and coal bottom ash is used as solid particles
for simulating slurry handling pipeline use in a thermal power plant. The experimentation is performed on
the slurry pot test rig. The computational fluid dynamics (CFD) tool is used to predict and simulate the
experimental results of the slurry pot test rig. The simulation results compared with experimental results
and check the percentage of errors with both the results. The simulation results show a similar kind of
trend for erosion wear behavior of mild steel as per the experimental results. Simulation results show the
average error up to £ 21% variation with the experimental result. The simulation results give the position
of erosion wear over the sample surface.
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Introduction

The thermal power plant, oil refinery, chemical industry, the hydraulic power plant has used the
various size of pipelines for the transfer of liquid from one place to another place.According to
applications of these industries some solid particles are available or mixed with flowing liquid. Due to the
repetitive impact of solid particles present in flowing liquid as a result in a continuously removed pipeline
material from the inner side of the pipeline. Such types of removal of material called as slurry erosion
wear or solid particle erosion wear. The slurry erosion wear is the most common problem for such
process industries. From last decade, slurry erosion problem in the thermal power plant has drawn major
attention amongst researchers, because coal ash (fly/bottom) particles lead to savvier damage on many
components of coal ash transport or disposed systems such as pipelines, pumps (casing/Impeller), flow
control valve and elbows. This damage can start leakages or sudden failure of the component and can
result in loss of production time and expensive repairs. Therefore, prediction of erosion wear rate and
location identification is an essential task for avoiding failure and damage of components. There are a
number of parameters responsible to erosion wear out of that solid particle size, concentration, impact
velocity and impact angle play a significant role for material removal in slurry erosion wear. The variety
of equations developed by various researchers either empirical or purely theoretical based reported in
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papers. All such equations are valid for specific working conditions not suitable for general all type of
application use. Simulation of slurry erosion wear is a difficult task because of variations, and
complicated particulate-Liquid multiphase flow between flowing liquid and suspended solid particles
[1,2].

However, for simulation of such type of multiphase flow is possible using computational fluid
dynamics (CFD). In CFD solution of the multiphase model is done by using Lagrange and Euler
approach. The coal ash particles available in water strikes on the inner surface of the slurry pipeline and
remove the material form inner sidewall or surface. The few researchers have used CFD methodology
toperformed studies and analyses the erosion rate and behavior at different working conditions and
affecting parameters.

Mansouri et al. [3] used experimental and CFD methodology for finding the erosion equation and
prediction of erosion wear.They developed the correlation by measuring the depth from normal
impingement Air as well as liquid jet test. The velocity of solid particles measured using Utilizing a
particle image velocimetry (PIV) technique. The local erosion wear depth was measured for better
understanding of erosion patter. A 3D surface profile meter was used for depth measurement. The effect
of the impingement angle and gas velocity on the slurry erosion profile was investigated. The developed
equation results are good in agreement with prediction and measured profile observed. Frawley et al. [4]
used CFD and DOE method to analyses the solid particle erosion in elbows. The CFD was used to
simulate the erosion wear in elbows and DOE used to perform the analysis of erosion wear factors. Form
result of the combined work of CFD and DOE was the most efficient and effective way to study and
analyzed the erosion wear in pipeline elbows. The results are good in agreement with experimental
results. Wong et al. [5] studied the experimental and computational modeling of slurry erosion wear in
pipeline annular cavity. CFD simulation technique was used for computation study. They performed work
on-air and sand slurry flowing through the aluminum pipe annual cavity with multilayer paint erosion and
parent material loss investigated. They found that the higher erosion observed at the leading edge of the
forward-facing step. Shahataet al. [6] investigated the erosion wear rate of the pipeline (carbon steel) by
changing sand concentration and laminar and turbulent flow of sea-water. They found for both flow
erosion wear increases by increasing sand concentration. Habib ef al. [7] performed the erosion prediction
for the pipeline with sudden contraction. They used CFD code for performing the study. Lagrangian
particle tracking was used for tracking the sand particles. They found that at contraction plate maximum
erosion wear observed. The size of solid particles increases the rate of erosion wear. Kannojiyaet al. [8]
studied and investigated erosion wear of straight pipeline made by mild steel at various operating
parameters particle size, velocity and concentration. ANSYS-CFX with Euler-Lagrange approach used
for computational simulation. They conclude that erosion wear was strongly responsible due to particle
size, velocity and concentration. Similarly, some other researchers Grewal et al. [9], Kim et al. [10], Ma
et al. [11], Mansouri et al. [12] are performed computational simulation study under the different input
parameters and techniques for investigating the erosion wear due to solid particles. Azimianand Bart [13]
studied experimental analysis and CFD simulation of erosion wear using a slurry tank test rig. The
simulation was done to find the erosion wear for 2 different materials namely stainless steel and ST-50
with sand as solid particles. For simulation and experimentation, they vary velocity, concentration and
plate material. They found simulation results are in good agreement with experimental results. Some of
the researchers are work on SS316 L and SS 410 for improving their mechanical properties for various
applications [14-16]

From the literature survey, the study of simulation effect with respect to variation in solid particle
impact angles is an untouched part form simulation of slurry erosion wear. In this paper, authors are tried
to simulate the slurry erosion wear occurs in slurry handling pipeline use in a thermal power plant. The
coal ash is used to simulate exact working conditions. Simulation and experimentation study is based on a
change in impact angle (7.5° to 90°). This will be helpful for investigating the position of erosion wear in
slurry handling pipeline.

Material and method

Experimental setup and methodology

The present investigation experimental work is done using slurry pot test rig. The slurry pot test rig
is one of the accurate test setup to finding the erosion rate in accelerated manner. Slurry pot test rig
widely used for study the slurry erosion wear for various industrial application. It has the provision to
change the various operating parameters according to requirement. Generally, slurry pot test rig is used to
simulate the slurry erosion wear for slurry handling pipeline. Figure 1 shows the experimental setup of
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slurry pot test rig. The details of slurry pot test rig are considered same as per Figure 1 available in More
et al. [17]. Furthermore, details of experimental methodology and sample preparation similar as mention
in More ef al. [18]. The erosion wear rate is evaluated according to the relationship was proposed by Bree
et al. [20] on the basis of average weight loss of 2 test samples as mentioned in More ef al. [18].

Figure 1 Photographic view of slurry pot test rig.

PARTICLE SIZE= 550 pm,
VELOCITY= 4 m/s,
SOLID CONCENTRATION = 10% by wt,

—A— EXPERIMENTAL

Erosion rate, g/g(x1 0‘8)
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Figure2 Variation of erosion rate with orientation angle for [MS] surfaces (d = 550 pm, Cw =10 %, V =
4 m/s).

Material used

The mild steel pipelines are used to handled and transport the coal ash slurry in a thermal power
plant. For the present experimental work, mild steel is used as a target or sample material similar to
pipeline and coal bottom ash particles are used as solid particles. The coal bottom as particles simulates
exact working conditions as available in a thermal power plant. As per the requirements, the preparation
of slurry is done using a mixture of water and coal bottom ash. Elemental composition of mild steel and
physical properties of coal bottom ash as similar to Tables 1 and 2, respectively discussed in More et al.
[18].
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Experimental parameters

The coal ash solid particles of the size of 550 pm are used for preparing slurry by using a mixture of
coal bottom ash and water. The selection of particle size is base on ash collection from the thermal power
plant. The particle size and weight analysis result of coal ash collected from the slurry pipeline discussed
in More et al. [19] are useful for selection of solid particles size. The experiments were performed at 10
% by weight solid particles concentration of the coal bottom ash in the slurry. Four m/s solid particle
impact velocity is used for study erosion rate at various impact angles in the range of 7.5° - 90°.

Experimental results

Figure 2 shows the slurry erosion wear rate and behavior at various impact angles in a slurry of coal
bottom ash and water mixture. Mild steel erosion rate calculated using correlation developed by Bree et
al. [20]. Experimental results show that initially wear rate increases with an increase in impact angle from
7.5° to 22.5°. The maximum wear rate is observed and occurs at 22.5° impact angle. Then wear rate
continuously decreases with increasing impact angle from 22.5° to 90°. Similar kind of variations in rate
and behavior of erosion wear with different impact angles observed by Desaleet al. [21].

Simulation work

Geometric data

The experimental set-up model was built using the CAD software CREO. The assembly features in
the software were made use to fix the relative position of the components. The major components in the
assembly are shown below.

PBT Propeller Sample Holding Device

Slurry Pot Assembly
Figure 3 CAD modelling of slurry pot tester with detailing.

The CAD data were exported into ANSYS CFX V15.0 using the neutral file format called as IGES.
In the 1% phase of the present work, the necessary fluid volume from the CAD model needs to be
extracted.

Mesh generation

The computational volume was discretized on ANSYS ICEM software. The domain discretization
into the finite volume is known as meshing. The present work used tetrahedral elements for domain
discretization. Robust Octree algorithm that was available in ANSYS ICEM was utilized for generating
the mesh. The total number of mesh elements was 456,932. In the images in this section, the mesh
distribution had been shown along with a cross-sectional view of mesh in the computational domain. As
discussed earlier, the regions near the rotating surfaces such as stirrer and the specimen were assigned to a
separate Material Body to identify them in ANSYS CFX.
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Mesh Distribution to outer surface

Polyhedral Mesh on Stirrer Surface

Mesh Distribution to Sample Holding Device
Surface

Section view of Mesh Assembly

Figure 4 Mesh distribution on components of erosion set-up.

Z Direction

Y Direction

Figure 5 Cross-sectional view of the mesh distribution in the computational domain.

Simulation setting and boundary conditions

The present work was assumed to be a steady-state. The problem considered didn’t have flow inlets
and flow outlets. The quantity of slurry inside the chamber remains the same as it is closed from
everywhere. So, inlet and outlet type boundary conditions were selected for modeling the problem. There
was no heat transfer across the solid walls. So, the walls were modeled using the No-Slip, Stationary and

Adiabatic Wall boundary conditions.

Both the stirrer and the Specimen holder rotate at a constant speed. This would result in the adjacent
fluid also to have rotational motion. These kinds of problems were modeled using Multiple Reference
Frame approach. To use this modeling approach, the rotating volumes need to be identified. So, 2 rotating
zones, near the stirrer and the specimen, were modeled using the rotational speed of 200 rpm while the

remaining volume was modeled as stationary [8,12].
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Specimen

PBT Propeller

Figure 6 Description of rotational domain oferosionmodel.
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The material erosion for this research work was modelled using Finnie model in ANSYS CFX. This
model is available in the commercial CFD code ANSYS CFX. The Finnie’s model of erosive wear
mostly used because of its simplicity and it is relates the rate of wear to the kinetic energy angle of impact
of solid particles on the surface.

E=kV,"f(y)

Where, E — Dimensionless mass erosion
K — Particle impact rate

V," — Particle impact velocity

f (y) — Dimensionless function of the impact angle
fy=§coszy Iftany>§
fy = sin (2y) — 3sins’y If tan y >§

In the Finnie [22] model, the constant, n was taken as 2 for modelling the material erosion. The
solver settings related to material erosion are provided in the following image.

Higher-Order numerical discretization schemes were employed to improve the solution accuracy.
Multi-Grid solution cycles were imposed for the governing equations to accelerate the solution. Solution
convergence was defined based on the reduction of governing equation residuals over the iterations.

Simulation results

During the simulation work, some assumptions are considered because of software limitations.
Assumptions are mostly related to physical, chemical and material properties of solid particles (coal
bottom ash) use in a thermal power plant. It is very difficult to use such solid particles. Also, some
impurities and other solid particles are available in actual practice. With considering some assumption for
simulation work Figure 7 the contour plots of a specimen of the given condition at various impact angles.
These contour plots are useful to represent the intensity and position of slurry erosion wear over the
sample surface. Finally, after simulation software displayed the overall erosion wear rate. Form Figure 7
contour plots of samples at 22.5° impact angle shows less blue color on both the samples as compared to
another impact angles this is because maximum wear rate is observed at 22.5° impact angle.



Trends Sci. 2022; 19(11): 4524 7 of 9

Overall Erosion Rate (g/hr) Overall Erosion Rate (g/hr)
0.00000 00010943  0.002188¢  0.0032829  0.0043772  0.0054715 0.00000 0.0018136  0.0036273  0.0054409  0.0072545  0.0090682
Impact Angle 7.5° Impact Angle 15°

Qverall Erosion Rate (g/hr) Overall Erosion Rate (g/hr)
0.00000  0.0010939 0.0021879 0.0032818 0.0043758 0.0054697  0.00010649 0.0013968 0.0026872 0.0039775 0.0052678 0.0065582
Impact Angle 22.5° Impact Angle 30°

f

Overall Erosion Rate (g/hr) Qverall Erosion Rate (g/hr)
0.06000 0.0011200 0.0022399 0.0033599 00044798 0.0055998 0.00000  0.0014648 0.0029296 0.0043944 0.0058591 0.0073239

Impact Angle 45° Impact Angle 60°

Overall Erosion Rare (g/hr) Overall Erosion Rate (g/hr)
: 958M_0-0017877 0%0053?40 o 007092”-0%8502 0.00000  0.0011545 0.0023085 0.0039634 0.0046179 0.0057724
Impact Angle 75° Impact Angle 90°

Figure 7Contour plots of specimen of given condition at various impact angle.

Results and discussion

Tablel shows the experimental and simulation results for the rate of slurry erosion wear under
thermal power plant slurry handling pipeline conditions. The rate of erosion wear calculated for 8
different impact angles. Errors percentage between the experimental and simulation results represented in
the 4™ column in Table 1. From the Table 1 the average error is obtained in between +21%. This
variation of errors in erosion wear rate occurs due to limitations of the software. During the simulation
work, some assumptions need to consider. Mostly assumptions are considered for solid particles, because
it is very difficult to give input to software as per exact available solid particle (coal bottom as). Figure
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8shows the slurry erosion wear behavior for both the studies. The behavior is the same for
experimentation as well as simulation results. Only the differences in exact erosion wear value that is due
to assumptions. The simulation results also show similar kind of curve nature, the maximum erosion wear
rate at 22.5° impact angle.

Table 1Experimental and simulation results of mild steel erosion wear behaviour.

Impact Angle Experimental Results Simulation Results Error (%)
7.5 4.9048 3.7500 23.54
15 6.5372 5.2900 19.08
22.5 7.0515 6.0100 14.77
30 5.9645 4.7600 20.19
45 4.6130 3.2400 29.76
60 3.1478 2.4100 23.44
75 2.4604 2.0170 18.02
90 2.0270 1.6300 19.59

PARTICLE SIZE= 550 pm,
VELOCITY= 4 m/s,
SOLID CONCENTRATION = 10% by wt,

—A— EXPERIMENTAL
—&— SIMULATION

Erosion rate, g/g(x10°®)

T T T T
0 20 40 60 80 100
Orientation angle, degree

Figure 8 Erosion wear behaviour of mild steel at actual experimental and software conditions.

Conclusions

The simulation results show a similar trend of erosion wear behavior of mild steel as per the
experimental results. It shows the variation with the experimental result this variation appears due to the
limitations of software related to input parameters, material properties and boundary condition given to
the model. The simulation results give position and intensity of erosion wear over the sample surface also
it gives the overall value of average erosion wear rate for the experimental duration. The experimental
results give the exact value of erosion wear rate but it does not show the position of maximum wear over
the sample surface. Therefore, the experimental results are used for finding the erosion wear rate i.e.
value of the sample and simulation results are used for finding the position of maximum erosion wear
over the target sample.
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