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Abstract

This paper is concerned with studying the
erosion rates due to both flow rate variations
as well as sand concentration variations. The
flow rate was controlled to cover both the
laminar and turbulent flow regimes. The
laminar and turbulent regimes are ranging
from 580 to 2200 and from 5000 to 26000
respectively. The sand concentration varied
from 1 up to 11 grams per litre. Discrete
Phase Model (DPM) is developed using
general purpose CFD code. The grid
independency study is constructed andthe
model is verified with laboratory experiments.
The relationship between the erosion rate of
steel and flow rate at different levels of
contamination is correlated. A model for
predicting erosion-corrosion rate for laminar
and turbulent flow regimes for different sand
contamination levels is presented.

Keywords: CFD; Erosion model; Slurry
Seawater; erosion—corrosion.

1. Introduction

Contaminants in seawater are a major cause for
erosion-corrosion phenomena. Erosion-corrosion is
characterized in appearance by grooves, gullies, waves,
rounded holes and usually exhibits a directional pattern
[1]. The motion is usually one of high velocity, with
mechanical wear and abrasion effects. Flow velocities
influence the erosion behaviour, when the velocity of
the flow increases the rate of erosion-corrosion increase
[2]. The erosion-corrosion behaviour is affected by
many parameters such as the flow velocity and the
solid-particle contaminant concentration [3]. The flow
velocity is widely studied because of its influence on

the design process of fresh/sea water systems subjected
to corrosion effects.

Mohyaldin et. al. [4] studied three different modelling
methods used for erosion prediction in pipe
components due to sand production with oil and gas.
The study was comparison between Salama model [13]
(i.e. empirical), DIM (i.e. semi-empirical) , and DPM
model (i.e. CFD) ,The result of the study was in fair
agreement of the DIM model with the CFD with an
overall error of 10%, whereas Salama model highly
overestimates the CFD by nearly 150%.

Chen and S.Mclaury [5] studied the relative erosion
severity between plugged tees and elbows in dilute
gas/solid (i.e. two-phase flow). The numerical part was
contacted using a CFD model to predict the erosive
wear severity. The experimental part was conducted to
verify the simulation results obtained for gas/sand
flows. They stated that the ratio of erosion at the end of
the plugged section to the elbow was nearly constant
value at all conditions. Based on the analysis of the
CFD simulations and experimental data, a constant
value of 0.5 is recommended for relative erosion
severity between the end region of plugged tees and
elbows. Experiments under high sand volume
concentration indicate that the erosion in plugged tees
was about two orders of magnitude and less than
erosion in elbows.

Abdolkarimi and Mohammadikhah, [6] studied the
effect of particles size distribution on particles flow
pattern and their erosive effect on the bend through the
computational fluid dynamics modelling of solid
particles  hydrodynamic based on Lagrangian
framework for diluted solid-gas flow through 90° gas
pipeline bend. Also the erosion rate at the outer wall of
the bend was predicted. The pipeline bend had a pipe
diameter of 1422.4mm and ratios of the bend radius of
the curvature to the pipeline diameter of 1.5. For the
validation of computational model, at first the
computational modelling is performed for a published
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experimental solid-gas flow data. The computational
results include radial gas velocity and radial particle
velocity profiles on planes which are at different angles
through the bend. The comparison between predicted
numerical results with similar experimental data proves
that the predictions of computational model are
acceptable. The experimental work data exceeds the
numerical one by 27%. Finally the particles size
distribution on each plane through the bend and the
erosion rate on the outer wall of the bend have been
obtained. The maximum rate of erosion is found to be
3.2 nm/s. This paper was considered in the validation
section. The current paper introduces the model
description including numerical model, model
geometry and meshing, grid dependency study,
numerical scheme selection and model validation. Also,
the current work presented a case study showing the
variation of the solid contents mass and how it
influences the erosion rate.

2. Model description

2.1. Numerical Model

Numerically, discrete phase model is used to model multiphase flows
in the FLUENT. The problem is to build a valid model with
acceptable results.The flow is governed by the Navier-Stokes
equations. The continuity equation is given by,

8U
=0 &)
6x
The momentum equation for incompressible flow is given by,
2 2
Y, Y _u| @
i + PUY;
o o 2 XX,
Where pU;U; =0 for laminar flow
The energy equation is given by:
V(u(E+p))=0 3

In the k- € turbulence model, the unknown Reynolds

u.u, . .
stresses, 1 ' , are assumed to vary linearly with
the local strain rates as eddy viscosity (v;) is evaluated
from
k2
" @
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The program predicts the trajectory of a discrete phase
particle (or droplet or bubble) by integrating the force
balance on the particle, which is written in a
Lagrangian reference frame. This force balance equates
the particle inertia with the forces acting on the particle,
and can be written (for the x direction in Cartesian
coordinates) as

() =@ -w)+ @2

The drag force imposed on the particles is given by
equation (6)

(D) = — < O () - (up) ©)
pp(dp)? WP
Where:
cD 1 “, = 7
( )—(a)+—+ﬁ ™)
And:
_ pdp
(Re) = I *| (u) — (up) | ®)

The erosion rate is defined as

N: no of particles

b(v)
ER = Z m c’(dp)& )

Area
=] Face

Where C (dp) is a function of particle diameter, o is
the impact angle of the particle path with the wall face,
f (=) is a function of impact angle, v is the relative
particle velocity, b (v) is a function of relative particle
velocity, and Aface is the area of the cell face at the
wall. Default values are C=1.8 *107-9,f=1,and b =
0.The erosion rate is computed assuming reflecting
wall boundary condition. For steel material n=2.6,
Fs=0.2 (for fully rounded solid particles).
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2.2 Model Geometry 0.6
In our case a study was held on a 50.2 mm long radius
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Figure 1. Model geometry and faces 0.2 f
The model is meshed using GAMBIT and we obtained 801 1§ B
4 sets of meshed Quad symmetric cells. The number of > _ 8
meshed cells is listed in the table 1. 0
Table 1.Model meshing sets details 0 0.02 0.04 0.06
Curve Length
Mesh | Number of | Number of | Number of menit o
ID Meshed faces nodes Figure 3. Velocity vertical magnitude distribution along
Cells the elbow curve length

2.5 Numerical Scheme selection

A 1969 4194 523
In this process, the main aim is to select the most

accurate numerical scheme after a complete
B 10909 22777 2500 comparison between all the schemes to reach a proper
value considering the computational cost.. After the
grid independency study made and the selection is the
C 102961 211373 20913 [D] set, numerical scheme sets are computed. The
following charts show the radial velocity distraction at
all the indicated numerical schemes. After comparing
D 77564 159244 15755 every output value with the outlet velocity facet
average value 0, the most proper value was related to
standard K — @ turbulence model.

2.4. Grid independency study

Here we study the radial velocity distribution along the
elbow diameter for the four meshed sets. From the
graph presented we chose the [D] set for the perfect
solution
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Figure 4. Velocity horizontal magnitude distribution
along the elbow curve length
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Figure 5. Velocity vertical magnitude distribution along
the elbow curve length
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Figure 6. Velocity horizontal magnitude distribution
along the elbow curve length
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Figure 7. Velocity vertical magnitude distribution along
the elbow curve length

2.6 Model Validation

In order to validate the model, The CFD results were
compared to experimental measurements.

-Case |

Chen and S.Mclaury studied the relative erosion
severity between plugged tees and elbows in dilute
gas/solid two-phase flow through numerical and
experimental investigations. The work was held
experimentally with 1 inch long radius elbow for three
air velocities: 15.72 m/sec , 30.48, and 45.42 m/sec.
The relative plugged length (L/D) of the plugged tee is
equal to 1.5. The erosion rate is estimated by using the
material mass loss.

8E-07
o 1E-07
6.E-07
0 SE-07
4E-07
3E-07
2E-07
1.E-07

0.E+00
10 20

Kg / mZsec

#Xianghui Chen
Data

® Present Data

Erosion Rate (

30 40 50
Velocity (m./sec)

Figure 8. Xiangui Chen experimental elbow erosion

rate data versus present DPM model.
The comparison between the experimental work and
the present numerical model revealed that the model
gave results with an approximate error of 12%
compared to the experimental ones. The second
comparison was between the experimental plugged tees
erosion rate with respect to the numerical erosion rate
as shown in Figure 8.
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Figure 10. Shehadeh experimental elbow erosion rate
Figure 9. Xiangui Chen experimental Tee Plugged data versus present DPM model.
erosion rate data versus present DPM model.

The comparison between the experimental work and 3. Case Study )

the present numerical model revealed that the model The Reynolds number calculations were based on the

gave results with an approximate error of 24% elbow inner diameter. The fluid used was seawater and

compared to the experimental ones. its density and dynamic viscosity were taken as 1025
kg/m* and 0.0011 kg/ms, respectively[8].Sand of

-Case |1 average grain size of 300 um was added to the seawater

Abdolkarimi et. al [6], modelled particles erosive injection at different concentrations. Boundary

effects on a commercial scale pipeline bend. The model conditions are listed clearly at table 2.

showed that the maximum erosion obtained in the case

was 2.63E-12 Kg/m2.sec and it will occure at an-angle Table 2. Boundary conditions

between 40 ° and 65° The DPM model showed it as

2.37E-12 Kg/m2.sec. The maximum difference was Injected Particle | Sand

around 10%. The maximum erosion location was
calculated by identifying the maximum erosion point
on the contour graphically and it was found to be 41.7¢
which means that the present model made a good

Type

Particle Density | 1900

3
agreement with Vahid Abdolkarimi et. Al. (kg.m”)
Particle o Case a: Seawater with 1 g/l
-Case I Concentration sand concentration
Shehadeh,et. al [7], presented a study concerned with m o Case b Seawater with 5 g/l

studying the behaviour of steel elbows working in
erosive environments. Rates of iron losses due to both
flow rate variations as well as sand concentration
variations were investigated. A spectrophotometer was
utilized to measure the quantity of iron losses. The
relationship between the rate of iron loss and flow rate
at different levels of contamination was studied. Figure
10 reveals a comparison between the experimental data
with the DPM model. The DPM model showed good

agreement with the experimental work with an overall .
error of 28%. Reynolds 582.68,1176.63(Laminar flow)

numbers 7878.79,13107.75,19296.48
,25922.2 (turbulent flow)

sand concentration

e Case c: Seawater with 7 g/l
sand concentration

e Case d: Seawater with 8 g/l
sand concentration

e Case e: Seawater with 11
g/l sand concentration

1JERTV 31510326 www.ijert.org 368



1JERTV 31510326

4. Results and Discussions

The computational analysis was implemented after
validating the model with Shehadeh et. al . Shehadeh
et. al investigated three different flow (3, 6 and 9g/l).
The analysis was carried out to determine the erosion
rate using equation (9) for five different flow
environments and to determine the location of
maximum erosion rate. The five different flow
environments are:

Seawater with 1 g/l sand concentration

Seawater with 5 g/l sand concentration

Seawater with 7 g/l sand concentration

Seawater with 8 g/l sand concentration

e  Seawater with 11 g/l sand concentration

Different flow velocities accompanied with different
degree of concentrations are investigated and erosion
rate was computed in each case. Figure 10 and 11
shows the model results of laminar and turbulent flow.
Figure 10 shows the erosion rate computations in the
laminar zone with different degrees of concentrations.

LOE+11 &
LOE+10 +
. LOE+09 - H
. 2 LOE+08 =
3 S LOE+07 & .
= 1.0E+06 = : A
£ g am A .
£ 'E 1L.OE+05 + A 1 g/litre
= LOE+04 = B 5 g/Litre
ok 1.OE+03 + 7 g/Litre
T1LOE+02 - )8 g/Litre
LOE+01 = 11 g/Litre
LOE+00 -t

0 500 1000 1500 2000 2500
Reynolds Number
Figure 11. DPM erosion rate data for laminar flow

Figure 11 shows that there is an increment of the
erosion rate with the increase of Reynolds number (i.e.
increase of the velocity). Also the erosion rate increases
with the particles concentration increase.
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Figure 12. DPM erosion rate data for turbulent flow

Figure 12 shows that there is an increment of the
erosion rate with the increase of Reynolds number (i.e.
increase of the velocity). Also, the erosion rate increase
with the increase of Reynolds’s as well as increases
with the particles concentration. From Figures (10), it is
a clearly observed that erosion rate increases rapidly at
changing the flow regime from laminar to turbulent, see
Figure (12 ). Also, the location of maximum erosion
rate at different velocities is considered. Figures 13 and
14 show the model results of laminar and turbulent
flow for maximum erosion rate. The second objective
is to allocate the maximum erosion rate. For example in
the case of having Reynolds number 25922.2, the
maximum erosion rate will occur at 63 °as shown in
Figure 15
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Figure 13. DPM Maximum erosion rate data for
laminar flow
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Figure 14. DPM Maximum erosion rate data for
turbulent flow
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Figure 15. DPM Maximum erosion rate location
at Re = 25922.2.

6. Conclusions

In this work the effect of seawater flow rate
accompanied with seawater contamination level on
erosion rates was investigated. The computations were
run to include both laminar and turbulent flow regimes.

e By analyzing levels of particle concentrations,
and types of flow; it was found that the
erosion rate increases with the increase of flow
velocities and particle concentration levels as
well.

e  Complete change is observed in the erosion
rate when we change the flow from laminar
regime to turbulent one.

e Maximum erosion rate location can be
allocated.
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