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Abstract

Erosion poses a significant challenge across various industries, including thermal power plants and oil refineries. In this study,
we employed commercial Computational Fluid Dynamics (CFD) software, ANSYS-FLUENT, to explore the impact of inserting a
twisted tape at different axial locations upstream of the pipe's flow. Our investigation focused on the influence of average particle
size and inlet velocity on erosion patterns at these various tape positions. Our findings reveal that the introduction of a twisted
tape induces a swirling motion in the upstream section of the pipe. This swirling motion leads to a reduction in maximum
momentum within the pipe's elbow, consequently diminishing the erosion rate in that specific region. Additionally, a noteworthy
discovery is that, despite the twisted tape itself being susceptible to erosion, the erosion rate within the elbow decreases as the
insertion point of the tape is positioned further upstream of the elbow.
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1. Introduction

Besides the energy consumptions, erosion is the impact of
erodent particles on the solid surface caused by the removal of
mass from the solid surface [1]. Several oil and gas
corporations are quite concerned about erosion. Erosion occurs
when the sand produced along with the oil and gas impacts
pipe walls, couplings, and valves [2]. Thereby, based on
erosion there are several most acceptable wear theories are the
abrasive model [3], adhesive approximation [4], delamination
theory [5] and rolling wear model [6]. Furthermore, metal
oxide-based nanoparticles as well as nanotubes, nanorods, and
nanofibers were also used to the removal of organic pollutants

[7].

In the slurry flows, erosion wear and particle communication
are complementary phenomena in which the primary
mechanism for releasing energy is the formation of new
surfaces [8].

Slurry transport through pipelines is a modern technology for

transporting large amounts of slurry across long distances [9].

Henceforth, several approaches can be employed to examine

erosion wear in standard elbows (without twisted tape) [10,

11]. In line with the studies conducted by Duart et al. [12, 13]

and Pereira et al. [14], it is evident that the Oka model stands
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out as the most precise and reliable method. This preference
arises from its foundation on measurable properties of both the
eroded material and the erodent material [15].

Nonetheless, there exist several alternative methods, such as
the insertion of a spiral wire or twisted tape in the upstream
section of the bend pipe, which can effectively mitigate bend
erosion caused by solid particles [16]. The twisted tape is used
to diminish the erosion rate in pipelines flow [17].

Furthermore, gaining insight into the impacts of incorporating
twisted tape into pipeline systems can enable its utilization as
a passive control mechanism to mitigate undesired elbow
erosion. This approach not only holds the potential to reduce
maintenance expenses but also offers an alternative to costly
measures like replacing the eroded curved sections.
Subsequently, a twisted tape is introduced into the original
geometry, specifically the standard elbow, while maintaining
its inherent characteristics, including curvature radius and
diameter. The computational fluid dynamics (CFD) simulation
parameters, such as initial velocity, viscosity, and density, are
also retained. This study places a particular emphasis on
assessing the erosion rate reduction achieved by varying the
insertion positions of the twisted tape upstream of the elbow
[18].

2. Numerical Approaches and Erosion Prediction Models

In this investigation, the Euler-Lagrange method is used.
Therefore, for the CFD analysis of twisted tape inserted in
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bend pipe both phases of modelling such as gaseous phase is used in the gaseous phase model and these model equations
model and particle motion models were discussed. are given below by equations 1 and 2:
2.1 Gaseous phase model: In these experiments, an Unsteady- Opuy 0 O

Reynolds-Averaged Navier-Stokes technique (URANST) [18] G

6( )+6( )= 6p+8 ( )aui+6uj - @
ot PU; 3y puu;) = x| ox; M He ax; " o Up T PYi
In this context, p represents the density of the fluid, u; stands momentum equations and turbulence model equations were
for the Reynolds-averaged velocity component, p signifies the computed using the centered differencing scheme. One of the
mean pressure, u denotes the dynamic viscosity of the gas, and most renowned and extensively applied two-equation eddy
I, represents the turbulent viscosity. Additionally, there are viscosity models is the standard k-¢ model [19]. It is worth
additional source terms attributed to phase interactions, which noting that its initial development aimed to improve upon the
are denoted as Suy,. mixing-length model and move beyond the algebraic
specification of turbulence length scales in intricate flow
The advective term was calculated employing the second- scenarios. The turbulence kinetic energy (k) and its dissipation
order upwind technique, while the diffusive terms within the rate (¢) are treated as two scalar attributes of turbulence [18]:
d(puk) 0 W \ 0k
—(k) = (u+—>—+P— e
ox, ox [ o) ox; pe  (3)
d(puk) 0 W \ 0k
—( K + = (u+—)—+P— e (4
ox, ox [ J o pe (4
Where P is the production term, which is given by: 2.2 Particle motion model: In a Lagrangian framework, the
dispersed phase is accounted for, where each particle is
P= (1 + 1) [(6ul 5“1) 0ul] ) individually traced throughout the domain, and its equation of
‘ 0xj ~ oxi’ 9xj motion adheres to Newton's second law. For a rigid, spherical
) o ) . . particle, the equations governing its trajectory, conservation of
The eddy viscosity in the conventional k-¢ model is determined linear momentum, and conservation of angular momentum are
by Equation 6, which is derived from the turbulent kinetic presented below [18]:
energy (k) and turbulent dissipation rate (g).
d)(pi
k2 = Uy (7
Ut standard = Cup = (6) dt Pt
du 3pC p
pi D
i —Uuy;) + Fy + Fy 1-— ; 8
my dt =My 4ppdp (ul upz) + Fg+ B+ < Pp) myg; (8)

I dwp; T ) appropriate erosion prediction method when analyzing 90-
Pogr L degree elbows. However, it's important to note that the erosion
rate is defined as the mass of material removed per unit of area
In the equations mentioned above, u; = U; + u;’ represents the per unit of time. Consequently, the erosion rate is computed on
components of the instantaneous fluid velocity. The average the walls by aggregating the damage caused by each particle
fluid velocity, U; is obtained through interpolation from the upon interacting with the wall surface [18], and this calculation
resolved flow field, while the fluctuating component, u;’ is is performed using Equation 10:
determined using the Langevin dispersion model. Here, d,
signifies the particle diameter, and I,, = 0.1 m, d,? represents E = Ai Ynie, (10)
f

the moment of inertia for a spherical particle.

In the provided above equation Ay denotes the surface area
exposed to erosion, mi, represents the mass flow rate of
particles associated with each computational particle that
impacts the surface, and e, stands for the erosion ratio and it is
defined as the ratio of the mass of eroded material to the mass

2.3 Erosion prediction model: As mentioned earlier, Pereira et
al. [14] observed that the erosion ratio models proposed by
Oka et al. [15] and the coefficient of restitution models by
Grant and Tabakoff [20] were integrated to create the most
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of the erodent material.

3. Modelling of Geometry

3.1 Geometrical configuration of bend pipe with twisted tape:
The geometrical configuration of the bend pipe with twisted
tape were given below in tabular forms [18]:

Table 1. Elbow and twisted tape geometry specifications with
simulation condition for erosion predictions

Geometry specifications Simulation condition
Pipe diameter 25.0 Fluid Air
(d) mm
Inlet pipe 1220 Fluid 1.2 kg/m?®
length mm density
Outlet pipe 101.4 Fluid 0.0000179
length mm Viscosity Pa.s

75.00

0.00  50.00 100.00 (mm)
o rew—— 3
25.00

z/\y°

Elbow 36.0 mm & Fluid 30.1
curvature & 90° velocity at m/s
bend angle inlet
Twisted tape 25.2 Specimen | Aluminium
thickness mm materials
Twisted tape 76.2 Materials 2700
length mm density kg/m®
Tape twisted 180° Particle Angular
angle type SiO;
Twisted tape | 0d, 1d, 2d, Particle 2600
position from 3d density | 2601 m?
elbow

3.2 Geometry and meshing of twisted tape inserted bend
elbow: Figure (a-d) shows the geometry of standard elbow,
twisted tape inserted at inlet of flow, twisted tape inserted at
inlet of bend pipe, and meshing of inserted twisted tape
geometry respectively.

22.50

4500 90.00 (mm) zn(

67.50

X

Figure 1. (a) Standard elbow (b) Twisted tape in inlet pipe (c) Twisted tape at inlet of bend pipe and (d) Meshing of inserted
twisted tape geometry
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3.3 Mesh generation: The generation of mesh in the form of
structured grid was given below (table 2) as the tabular forms:

Table 2. Details of meshing

Grid type Structured grid
Nodes 1371774
Elements 1314862
Element size 1.00 mm
Min. skewness 0.008
Max. skewness 0.554
Erosion model Discrete phase model (DPM)

3.4 Boundary conditions: The boundary conditions and
parameters used for the computational fluid dynamics were
given below (Table 3) in tabular forms:

Table 3. Parameters used for CFD simulations

Pipe material Aluminum (6061-T6)
Fluid Air
Erodent particle Silica sand
Turbulent model Standard k-¢ turbulence

30.10 m/s
180 um (mean dia.)
Atm. gauge pressure
Discrete phase model (DPM)

Inlet velocity
Avg. particle size
Outlet pressure
Erosion model

4, Results and Discussion

4.1 Computational fluid dynamics (CFD) analysis for erosion
rate: This section is divided into two parts, one is the
computational fluid dynamics (CFD) for standard elbow
(without inserted twisted tape), and second is the twisted tape
inserted in bend pipe at different locations from the bend inlet.
Subsequently, a twisted tape is introduced into the original
pipeline at different locations, and the optimal position is
identified to minimize bend erosion. Consequently, an
analysis of the two-phase effects is conducted for this optimal
position, and the results are compared to those obtained for the
standard elbow. The comparison of maximum erosion rate
predicted by the computational fluid dynamics data (CFD) and
mathematical model (experimental data) were tabulated in
Table 4.

Table 4: Comparison of maximum erosion rate (kg/m?) predicted by the CFD data as well as experimental data

Elbow type Particle size | Vair | CFD data | Exp. Data | Error

(nm) (m/s)|  (kg/m?) (kg/m?) | (%)
Standard elbow 180 30.1| 4.17*10°| 3.25*10° | 22.06
Twisted tape inserted at 0D 180 30.1 | 1.03*107| 6.39*10® | 37.96
Twisted tape inserted at 1D 180 30.1| 852*10% 593*108| 30.39

The particles initially colloids with the twisted tape when they
are introduced into the upstream pipeline, lose momentum,
and then begin to be swirling motion. The bend wall has
wider erosion outlines (Figure 2a), which protects it from
more severe damage than would normally happen.

In Figure 2(a), it is evident that the erosion rate in the standard
elbow experiences a reduction when the twisted tape is
inserted into the inlet pipe. The erosion rate reaches its
maximum value at a location 0d upstream of the elbow and
exhibits the minimum erosion rate at a position 1d upstream
of the elbow. Meanwhile, Figure 2(b) illustrates that when the
twisted tape is inserted in the inlet pipe at a position Od
upstream of the elbow, the erosion rate within the elbow is
notably lower compared to that of the standard elbow.

The maximum attainable velocity remains nearly consistent
across all positions. However, the velocity profiles exhibit
substantial variations depending on the placement of the
twisted tape. Gas entering from the domain's inlet flows
toward the insert, where it bifurcates along the length of the
pipe, inducing a swirling motion. This swirling effect, caused
by the twisted tape, persists for a certain length of the pipe,
and the rotational motion gradually dissipates due to friction
with the pipe and bend walls.
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Additionally, as depicted in Figure 2(c), the erosion rate
within the elbow is lower when the twisted tape is inserted
into the inlet pipe at a position 1d upstream of the elbow, as
compared to both the standard elbow and the configuration
with the twisted tape inserted at Od upstream of the elbow.
Consequently, the insertion of the twisted tape at upstream
positions (0d and 1d) of the inlet flow results in a reduction
in the erosion rate.

4.2 Comparative analysis of erosion rate with and without
twisted tape: Figure 3 presents a comparative analysis of
erosion rates, considering both scenarios with and without a
twisted tape inserted in the bend pipe. It is noteworthy that the
placement of the twisted tape within the bend pipe extends
progressively upstream in the direction of the inlet flow, with
positions designated as 0D and 1D.

Moreover, Figure 3 highlights that the erosion rate in the
standard pipe (without the presence of twisted tape) is notably
higher when contrasted with the configuration where the
twisted tape is inserted at various positions within the bend
pipe. This difference is attributed to the incoming gas flow,
which, upon reaching the twisted tape insert, divides into two
segments along the length of the pipe. This division induces
a swirling motion, ultimately leading to a reduction in the
erosion rate [18].
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N

Contours of DPM Erosion Rate (kiym2-5) Nov 11,2017
ANSYS Fluent Release 16.0 (3d, dp, pbns, ske)

ANSYS

g

Contours of DPM Erosion Rate (ka/m2-s) Oct10, 2017
ANSYS Fluent Release 16.0 (3d, dp, pbns, ske)

4.26e-09
0.00e+00 .

Contours of DPM Erosion Rate (kg/m2-s) Oct 09, 2017
ANSYS Fluent Release 16.0 (3d, dp, pbns, ske)

Figure 2. Erosion rate for (a) Standard elbows, (b) Twisted tape insertsat 0d position, and (c) Twisted tape insertsat 1d position
from the bend pipe
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Figure 3. Erosion rate variation of standard elbow and twisted tape inserted in bend pipe at 0D and 1D position from the bend

5. Conclusions

A numerical investigation was conducted to examine the
impact of inserting twisted tape at various positions within a
bend pipe. The findings suggest that the introduction of a
twisted tape into a bend pipe effectively mitigates erosion
rates. Notably, it was observed that the most favorable results
were achieved when the tape was positioned farther from the
bend's inlet, up to a distance of 1d. Beyond this point, placing
the tape at even greater distances did not yield further
improvements in erosion rate reduction.

Nomenclature

IJDI-ERET - International Journal of Darshan Institute on
Engineering Research and Emerging Technologies

CFD - Computational Fluid Dynamics

URANST - Unsteady-Reynolds-Average-Navier-Stokes-

Technique
DPM - Discrete Phase Model
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