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The formation of surface vortices in axial pump sumps presents a significant
challenge to pump performance, primarily due to the risk of impeller cavitation.
As such, effective mitigation strategies are imperative. In this study, the strength
of surface vortices was successfully reduced to a safe operational level by
employing two distinct types of anti-vortex devices (AVDs): triangular side
fins type (AVDSF) and ring type (AVDR). Computational fluid dynamics (CFD)
techniques were employed to reveal a substantial decrease in surface vorticity
from 38 s-1 in the absence of AVDs to approximately 8 s-1 with either AVDSFs or
AVDRs, underscoring their remarkable efficacy. Further, the helicity, a measure
of vortex twisting, was reduced from about 0.4 m2s-2 to below 0.1 m2s-2

with the introduction of either side fins or ring-type AVDs. Detailed analyses
of velocity streamlines contours elucidated that the suppression of surface
vortices could be attributed to the disruption of vortex swirl motion induced
by the implementation of AVDs. These findings provide crucial insights into
the mechanisms underlying surface vortex suppression, thus paving the way
for enhanced pump performance and reliability in axial pump’s suction sump
applications. The implementation of AVDs is expected to prevent cavitation, air
ingress, and vortex-induced vibrations, resulting in more reliable and efficient
pump operation in industrial settings.
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1 Introduction

Axial flow pumps are integral components of the chemical and processing industries,
serving the purpose of maintaining fluid levels between various systems within the industry
[1]. These industries encompass a wide range of applications, including power plants, flood
management, and marine operations, such as open-cycle cooling of condensers, raw water
treatment, residual heat removal from nuclear power plant cores, industrial fire systems,
supply of chemical water, submersible tanks, and emergency water supply [2]. The primary
performance indicators in a pumping system include the required flow rate, head (pressure),
and maximum achievable efficiency. However, these performance indicators, as well as the
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FIGURE 1
Computatinal grid (front view of CFD configuration) with inset revealing the interface between coarse and fine meshes.

TABLE 1 CFD set-up parameters.

Identity Condition

Fluid Material Water

Temperature 25°C

Inlet/outlet 16.67 kg-1 (1 m3/min)

overall design life of the pump, are constantly under threat from
issues such as cavitation, vibration, and noise [3, 4]. The flow at
the pump sump side greatly influences the pump’s performance
parameters and overall operating conditions. The flow patterns
within the sump are determined by its dimensions and conditions
[5]. Vortex formation stands out as the primary factor with the
most profound impact on the performance of hydraulic machines
because of the potential of cavitation in impeller [6–9]. Vortices
in pump sumps manifest in two main types: surface vortices
from the water surface and subsurface vortices from the sump
bottom and side walls [10]. Some of these vortices may have their
positions fixed while some change with time [11]. In certain cases,
the formation of air-entraining free-surface vortices or submerged
(sub-surface) vortices leads to mechanical damage by inducing
severe vibrations. This can result in adverse effects such as suction
loss, unreliable operation, reduced efficiency, and impeller pitting.
Prolonged vibrations further accelerate wear, promote structural
fatigue, and lead to costly repairs of pump components [3, 12, 13].
The air is entrained due to the substantial pressure drop in the
water body surrounding the vortex [14]. As these vortices increase
in size and intensity, the performance of the pump is significantly
reduced. The removal or mitigation of vortices within the sump
is, therefore, imperative to enhance overall pump performance and
prevent adverse effects on the system.

Several experimental investigations were carried out to explore
themechanics of formation of objectionable surface and sub-surface
vortices. The dynamics of vortex generation was experimentally
investigated by the particle image velocimetry (PIV) technique [15,
16]. Okamura et al. [16, 17] explored the formation of vortices on the

surface and subsurface including both stationary andnon-stationary
types. Liu et al [18] utilized 3D-PIV to capture and analyze the
characteristics of the floor-attached vortex (FAV) beneath the bell
mouth of a vertical axial flow pump. Their analysis revealed a
distribution pattern of circular velocity components within the
vortex core zone, with the values approaching zero at the core
center and increasing with the radius of core. Rajendran et al. [15]
employed 2D-PIV to measure vortices near the bell in a pump
sump demonstrating that variations in bell submergence depth and
distance from the sidewall significantly influenced vortex formation.
Chong et al. [19] mathematically investigated the generation of
boundary vortices under the influence of various non-dimensional
flow parameters and shear layer flow in complex flow fields. Hite
and Mih [20] explored the vortex generation at horizontal intake
examining the impact of the Froude number on vortical motion and
velocity curl. Song et al. [11] introduced anovelmethod called three-
dimensional velocity measurement system (V3V) to calculate the
three-dimensional velocity in the flow field to study the mechanics
of FAV in pump sumps.

Although experimental approaches are valuable, their economic
challenge associated with them have led to the adoption of
computational fluid dynamics (CFD) simulations as a cost-
effective solution for studying vortex formation and mechanics.
CFD simulations provide valuable insights into the flow patterns
and behavior, enabling the exploration of potential solutions for
vortex elimination [17]. Zhang et al. [21] conducted numerical
simulations to examine the formation of roof-attached vortices
in a closed pump sump. Uruba et al. [22] investigated the
effect of the flow rate and water level on the free surface
vortices by employing shear stress transport (SST) turbulence
model. Ferreira et al [23] also employed CFD to investigate
the flow characteristics of suction sump using the SST model.
Choi et al. [24, 25] employed CFD techniques to predict the
vortex’s position while Amin et al. [25, 26] utilized CFD to
assess the swirl angle, thereby gauging water imbalance in the
pump return through the bell-mouth. Kim et al. [27] employed
the ANSYS CFX model to examine the impact of the gap
between an underwater cargo pump inlet and pump sump
on suction performance. Johansson et al. [28] conducted both
physical tests and CFD simulations to demonstrate the utility of
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FIGURE 2
Schematic illustration of sump model and dimensions.

FIGURE 3
Computational domains and AVD configurations for (A) AVDFs and (B) AVDRs.

hydraulic models in identifying adverse flow conditions, such as
emergence of problematic surface or subsurface vortices and
occurrence of intense swirl motion at impeller intake.

While it is possible to exert some control over vortices by
adjusting the flow rate and submergence value, the complete
elimination of vortex formation is constrained by various
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TABLE 2 Triangular Side Fins Type AVDs (AVDSFs) configurations.

Nomenclature Number of triangular fins Length (isosceles sides) (mm) Height from bottom (mm)

AVDSF-15 5 18.28 130

AVDSF-25 5 20.50 130

AVDSF-35 5 14.00 130

AVDSF-17 7 18.28 130

AVDSF-18 8 18.28 130

AVDSF-120 20 18.28 130

TABLE 3 Ring type AVDs Configurations.

Nomenclature Outer diameter (mm) Thickness (mm) Height from bottom (mm)

AVDR1 150 5 200

AVDR2 150 5 360

AVDR3 200 5 200

AVDR4 200 5 360

parameters. Factors such as the shape and geometry of the bell
mouth (suction pipe), intake diameter, medium density and
viscosity, and surface tension impose limitations on the ability to
entirely prevent vortex formation [29, 30]. Consequently, the use
of passive control methods involving physical components known
as anti-vortex devices (AVDs) has emerged as a viable solution
[31–34].These devices effectively suppress vortices by disrupting the
angular momentum of the flow [31]. The literature review suggests
that the intensity of vortices can be reduced by the introduction
of AVDs, thereby mitigating adverse effects such as cavitation,
air ingress, and vibrations [31–34]. Kim et al. [35] explored the
effectiveness of triangular-type AVD placed at the bottom of the
sump, revealing a reduction in vorticity from 4.3 s−1 without the
AVD to 2.5 s−1 with it. Similarly, the turbulence kinetic energy
decreased from 0.35 m2s−2 to 0.30 m2s−2 at the suction pipe inlet
when the AVD was utilized. Furthermore, Kim et al [29] employed
a floor-splitter AVD and conducted numerical simulations to assess
the flow dynamics in the sump at varying AVD heights, aiming
to enhance pump station design and efficiency. Roshan et al. [36,
37] investigated the emergence and suppression of vortices at the
suction intake of power-producing hydraulic machinery employing
the large-scale hydraulic model, demonstrating the efficacy of
anti-vortex walls in converting strong vortices into weaker ones.
Amiri [38] experimentally investigated the efficacy of perforated
and solid plates as AVDs placed on top of an intake to prevent
surface vortex formation, finding that a perforated plate with
specific dimensions and 50% uniform opening, and a solid plate
of certain size, effectively eliminated surface vortices at the intake.
Moreover, numerous studies, including those by Sarkardeh et al
[39], Monshizadeh et al [40], Norizan et al [41], Inhwan et al [42],

EchAmiriavezn et al [43], Ahmad et al [44], Behrouz et al [45],
and Constantinescu et al [46] have experimentally and numerically
investigated the vortex formation and suppression in reservoirs and
pump sumps, contributing to advancements in pump station and
suction sump efficiency through the evaluation of various AVDs.

However, most studies have focused on submerged vortices,
with limited attention to surface vortices. This research, thus, aims
to fill this gap by investigating the surface vortex formation and
suppression, as well as developing effective vortex control strategies
for axial flow pump systems using CFD analysis with the CFX tool
of ANSYS 19.2.

2 Computational method

2.1 Analysis Framework

The computational analysis of flow behavior around the suction
pipe and beneath its bell mouth within the suction sump was
conducted using ANSYS CFX release 19.2. Following are the
governing equations of the analysis. Equation 1 represents the
continuity equation, while Equation 2 represents the momentum
equation:

∂ρ
∂t
+∇ · (ρu) = 0 (1)

where ρ and u denote density of water and velocity vector,
respectively and

∂(ρu)
∂t
+∇ · (ρuu) = −∇p+∇ · [μ(∇u+ (∇u)T − 2

3
δ∇ · u)]+ SM

(2)

Frontiers in Physics 04 frontiersin.org

https://doi.org/10.3389/fphy.2024.1456256
https://www.frontiersin.org/journals/physics
https://www.frontiersin.org


Alaboodi et al. 10.3389/fphy.2024.1456256

FIGURE 4
CFD model validation with experimental work: (A, B) PIV Experiment and CFD results, respectively, conducted by Okamura [16, 52] showing the vortex
location (A) and its intensity (B), and (C) CFD results of current study showing location and vorticity of vortex.

where p is the pressure, μ is the dynamic viscosity, SM represents
external source term, ∇ · (ρu× u) denotes the convective term, ∇ ·
[μ(∇u+ (∇u)T] represents the viscous term, and 2

3
δ∇ · u is the

correction for the isotropic part of the stress tensor.
The SST turbulence model was utilized for both steady-state

and transient analyses. The SST model integrates the strengths
of both the k-ω and k-ε models in such a way that it resolves
the k-ω equations near the walls while employing the k-ε
equations elsewhere. This dual approach enables the utilization
of the advantages of near-wall performance without encountering
potential inaccuracies associated with free stream sensitivity [29].
Unlike the k-ε model, where the eddy viscosity is assumed
to be constant, the SST model offers the flexibility to adjust
the definition of eddy viscosity [47]. The SST model includes
additional components such as the Blending Function, Turbulent
Kinetic Energy equation, and Specific Dissipation Rate to combine
the traditional k-ω and k-ε models. With these enhancements,
the SST model has demonstrated greater effectiveness in CFD
analysis compared to using individual traditional turbulence
models [48]. Recognizing its wide applicability and the synergistic
advantages it offers, NASA has endorsed the SST model as the

most preferred option owing to its accuracy in its technical
memorandum [49]. The SST model is described by the following
equations (Equation 3; Equation 4):

∂
∂t
(ρk) + ∂

∂xi
(ρkui) =

∂
∂xj
(Γk

∂k
∂xj
)+Gk −Υk (3)

∂
∂t
(ρω) + ∂

∂xi
(ρωui) =

∂
∂xj
(Γw

∂ω
∂xj
)+Gω −Υω +Dω (4)

Here, ρ denotes density, k represents turbulent kinetic energy,
and ω indicates the specific dissipation rate. The terms Gk and
Gω signify the generation of turbulent kinetic energy and specific
dissipation rate, respectively, due to mean velocity gradients. Γk and
Γw stand for the effective diffusivities of k and ω, while Υk and Υω
represent the dissipations of k and ω attributed to turbulence. The
term Dω accounts for cross-diffusion.

Domain discretization and meshing are critical steps in CFD
analysis. A mesh sensitivity analysis was conducted using five
different mesh sizes: 3, 5, 7, 8, and 9 million elements. The results,
including vorticity measurements, indicated that the mesheswith
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FIGURE 5
(A) Surface vorticities along the line shown in inset, (B) helicities along line shown in inset, and (C) maximum values of vorticity and helicity for AVD0,
AVDSF-15, AVDSF-25, and AVDSF-35.

8 and 9 million elements yielded nearly identical outcomes.
Consequently, the mesh with 8 million elements was chosen as the
optimal size, providing a balance between computational efficiency
and result accuracy. Further, to ensure accurate results, a special
attention was given to mesh resolution at critical geometrical
features where fine details of output variables were required. The
computational domain was partitioned to enable refined meshing
near the areas surrounding the suction pipe, while coarse meshes
were defined at areas of less concern. This approach aimed to
reduce computational time and cost without compromising on
accuracy. The concept of single part two bodies was adopted
with an exact interface between the coarse and fine meshes. The
mesh configuration and interface between coarse and fine meshes
are shown in Figure 1.

In current simulations, the convective terms were stabilized
using the first-order upwind scheme, while the diffusion
terms were stabilized using the central differencing scheme.
A root means square error of 10−6 was established as
the convergence criterion to ensure accurate results. The
computational load of the three-dimensional model was
managed by distributing the computation among 6 processors
using the parallel processing scheme.

2.2 Boundary conditions

The analysis utilized boundary conditions specified in Table 1
while the dimensions of the suction pipe, suction sump, and bell
mouth configuration within the sump have been illustrated in
Figure 2.The computational domain, as depicted in the schematic in
Figure 2, showcases the direction of fluid flow indicated by arrows,
moving from the inlet boundary condition to the outlet boundary
conditionwithin the domain. In this arrangement, the channelwidth
measures 300 mm, the suction pipe has a diameter of 100 mm, and
its inlet is situated 100 mm above the channel floor and 110 mm
away from the back wall (Figure 2). The study introduced non-
homogeneous flow by offsetting suction pipe by 10 mm from the
channel midline. Additionally, the water level was maintained at
300 mm, and the output was set to 1.0 cubic meter per minute.

2.3 Implementation of AVDs

Following the validation of the CFD study with experimental
data, the investigation of flow behavior in the pump sump continued
by analyzing various flowparameters. Velocity streamlines, vorticity,
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FIGURE 6
Contour plots showing surface vorticities for (A) AVD0, (B) AVDSF-15, (C) AVDSF-25, and (D) AVDSF-35.

TABLE 4 Improvement of sensitivity analysis.

Configuration Vorticity Improvement (%) Remarks

AVD0 38 s-1 - No AVD condition

AVDSF

AVDSF-15 7.5 80.26 Suppressed vortex formation effectively

AVDSF-25 15 60.52 Suppressed vortex formation, but less effective than AVDSF-15. Some corner vortices appeared as
shown in Figure 5A

AVDSF-35 25 34.21 Suppressed vorticity, but not as effective as AVDSF-15 or AVDSF-25. Corner vortices appeared as
shown in Figure 5A

AVDSF-17 28 26.31 Had the least effect on vortex formation

AVDSF-18 7 81.57 Suppressed vortex formation, but corner vortices appeared as shown in Figure 9A

AVDSF-120 9 76.31 Suppressed vortex formation but corner vortices appeared as shown in Figure 9A

AVDR

AVDR1 25 34.21 Suppressed vortex formation but corner vortices appeared as shown in Figure 10A

AVDR2 10 73.68 Suppressed vortex formation but corner vortices appeared as shown in Figure 10A

AVDR3 15 60.52 Suppressed vortex formation but corner vortices appeared as shown in Figure 10A

AVDR4 8 78.94 No corner vortices but the effect is less as compared to the AVDSF-15

and helicity were calculated to precisely locate and identify the
surface vortices with their intensities around the suction pipe. To
mitigate the adverse effects of vortices, two different configurations
of AVDs were introduced: triangular-type side fins type and ring
type, respectively referred as AVDSFs and AVDRS henceforth, as

displayed in Figure 3. AVDSFs and AVDRs underwent a refinement
process where their shapes and geometries were systematically
varied in order to achieve the optimal results in terms of reducing
the swirling effect and minimizing the addition of eddies to the
swirling motion of the surface vortex, considering other corner
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FIGURE 7
Velocity streamline contours for (A) AVD0 and (B) AVDS-15.

FIGURE 8
Surface vorticities and helicities for various AVDSF configurations.

or side vortices. For AVDSF configuration shown in Figure 3A,
the size and number of triangular fins were varied, and the
nomenclature of different configurations is provided in Table 2.
Similarly, for AVDR configuration shown in Figure 3B, the ring
diameter and its height from bottom were varied, and the
nomenclature for different configurations is provided in Table 3.
CFD simulations were conducted under similar conditions as
described earlier (Section 2.1) to evaluate the performance of the
AVDs. By analyzing the flow behavior with the implemented
AVDs, the study aimed to assess their effectiveness in eliminating
or suppressing the vortices and improving overall pump sump
performance. The simulation results were meticulously compared
with the baseline data obtained before theAVDdeployment to gauge
the impact of these anti-vortex devices on flow patterns and vortex
intensity.

2.4 Model validation

In the PIV investigation conducted by Okamura [16, 52], the
vortex’s position is visualized by a distinct bright spot, highlighted

by a yellow dotted circle in Figure 4A. Additionally, Okamura’s
CFD results displayed the vortex’s position, as depicted in their
Figure 4B, with the vorticity measuring approximately 38 s-1 [16,
52]. To validate the current study’s CFD simulation, the vortex’s
position and vorticity resulting from the flow were compared with
Okamura’s simulation findings and are presented in Figure 4C
Notably, current simulation reveals a vortex with a nearly identical
vorticity of 38 s-1 positioned at a comparable location to Okamura’s
study. The observed discrepancy falls within a margin of less than
5%, a variation deemed acceptable for practical purposes. This
alignment suggests a strong agreement between the findings from
current simulation and the results obtained through Okamura’s
experimental and CFD analyses.The vorticity and helicity values are
measured along a line passing through the vortex, positioned on the
surface plane and representing the channel width, as indicated by
the yellow dotted line in Figure 3C. The channel width is measured
along the x-axis, ranging from −0.15 m to 0.15 m (Figure 2). This
approach allows for investigating the effectiveness of AVDs and how
they influence the vortex of interest, as well as other corner vortices.

3 Results and discussions

3.1 Deployment of AVDSFs

The effect of side fins with various configurations has been
shown in Figure 5. It can be clearly seen that the deployment
of AVDSF has positively influenced in minimizing the vorticity
from about 38 s-1 for no AVD (AVD0) to 7.5 s-1, 15 s-1, 25 s-1 for
AVDSF-15, AVDSF-25, and AVDSF-35, respectively as shown in
Figures 5A, C. This corresponds to the remarkable reduction of
up to 80.25% in surface vorticity which could be attributed to
the disturbance in the vortex swirl motion caused by introduction
of AVDSF [29]. A visual representation of the impact of AVDs
on vortex formation and vorticity is given in the contour plots
presented in Figure 6. Figure 6A displays the contour plot for AVD0,
while Figures 6B–D display surface contour plots for AVDSF15,
AVDSF25, and AVDSF35, respectively. These contours are obtained
based Q-criterion to demonstrate the connection between regions
characterized by high vorticity and the presence of vortices as
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FIGURE 9
(A) Surface vorticities along the line shown in inset, (B) helicities along line shown in inset for various AVDSF configurations.

FIGURE 10
(A) Surface vorticities along the line shown in inset, (B) helicities along line shown in inset, and (C) maximum values of vorticity and helicity for AVD0
and various AVDR configurations.
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FIGURE 11
Contour plots showing surface vorticities for (A) AVDR1, (B) AVDR2, (C) AVDR3, and (D) AVDR4.

discussed in literature [50]. These plots vividly illustrate how the
implementation of AVDs significantly suppress the vortex formation
and reduces surface vorticity. For instance, in contour plots shown
in Figure 6, when no AVD was used, a strong vortex of vorticity
with approximately 38 s-1 was seen while a vortex of significantly
reduced vorticity was observed when AVDSF15 was implemented.
Furthermore, helicity could be another measure to understand the
mechanics of rotating flows and has been presented in Figures 5B, C.
While vorticity, a vector quantity, measures the magnitude and
direction of rotation but does not capture corkscrewing motion
but helicity, a scalar quantity, indicates the degree of alignment
between the velocity and vorticity fields. Including helicity allows
for a better understanding of flow-twisting phenomena caused
by vortices in the suction sump of pumps, providing a more
comprehensive analysis of fluid dynamics and its impact on pump
performance [51].The helicity along the width of channel for AVD0
was 0.4 m2s-2, comparedwith 0.2 m2s-2, 0.15 m2s-2, and 0.1 m2s-2 for
AVDSF-15, AVDSF-25, and AVDSF-35, respectively, on the surface
vortex location.This reduction corroborates the efficacy of AVDs in
disrupting the swirling motion of the vortex.

Notably, among the different AVDSFs, AVDSF-15 proved most
effective in suppressing the vortex because vorticity is minimum
(7.5 s-1) for this configuration. As can be seen in Figure 5A, there
are some vortices of concerning vorticity alongside of the channel
walls known as corner vortices, which are more prominent in case
of AVDSF-25 and AVDSF-35. It must be noted that the helicity
of AVDSF-35 is smaller than that of AVDSF-15 and AVDSF-25.
However, helicity reaches as high as 1.4 m2s-2 in the case of AVDF-
35 owing to corner vortices as shown in Figure 5B. In contrast,

helicity maintains a more moderate range of 0.2–0.3 m2s-2 in the
case of AVDSF-15 and AVDSF-25 (Figure 5B). This distinction
positions AVDSF-15 as the superior configuration among the
alternatives. For convenience, vorticity and helicity for various
AVDSF configurations have been exclusively shown in Figure 5C.
Also, a comparison showing the improvement in vortex suppression
is summarized in Table 4.

Formation and suppression of the surface vortex become evident
when comparing velocity streamlines for AVD0 and AVDSF-15 as
shown in Figure 7. AVD0 shows a strong vortex with a constructive
counterclockwise streamline motion. However, the deployment of
AVDSF-15 disrupts this pattern, introducing random or clockwise
streamlines due to wake flow as shown by yellow dotted arrows
in Figures 7A, B, thereby reducing the strength of vortex. Similar
observations were made when AVDs were employed to suppress the
FAVs [29, 35].

Furthermore, the effectiveness of suppression of vortex can
be investigated as the function of the number of the side fins.
Four sets of side fins having 5, 7, 8, and 20 fins each with a side
length of 18.28 mm were chosen for analysis. Varying effects of
number of side fins on vorticity and helicity have been shown in
Figures 8, 9. For instance, AVDSF-17 reduces vorticity from 38 s-1

to 28 s-1 with a reduced wake flowmotion, albeit less effectively than
AVDSF-15, which achieves a reduction of 7.5 s-1. Similarly, AVDSF-
18 and AVDSF-120 show reduced vorticity to approximately 7 s-1

and 9 s-1, respectively. However, both configurations introduce
the corner vortices of magnitude 15 s-1 and 22 s-1 as shown in
Figure 9A. Consequently, the AVDSF-15 configuration appears
more effective than other AVDSFs configurations. This assertion
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FIGURE 12
Velocity streamline contours for (A) AVDR1, (B) AVDR2, (C) AVDR3, and (D) AVDR4 configurations.

is further supported by helicity graphs shown in Figure 9B where
AVDSF-17 AVDSF-18, and AVDSF-120 reduce the helicity from
approximately 0.4 m2s-2 to 0.02 m2s-2, 0.04 m2s-2, and 0.015 m2s-2,
respectively. However, in the case of AVDSF-17 AVDSF-18, and
AVDSF-120, corner vortices with high value of helicity are observed
as shown in Figure 9A. Thus, the AVDSF-15 demonstrates the
highest effectiveness among various combinations of side fin
numbers as summarized in Table 4.

3.2 Deployment of AVDRs

A strong vortex of vorticity of 38 s-1 in case of no AVD
condition (Figure 10A) was reduced to 25 s-1 (Figures 10A, 11A),
10 s-1 (Figures 10A, 11B), 15 s-1 (Figures 10A, 11C), and 8 s-1

(Figures 10A, 11D) with the deployment of AVDR1, AVDR2,
AVDR3, and AVDR4, respectively. This suggests the positive
influence of rings toward eliminating or reducing the strength
of surface vortex and the improvement could be attributed to
the disturbance in swirl motion of the vortex as shown by
velocity streamline contours in Figure 12. The surface vortex shown
in Figure 7A is disturbed with the deployment of AVDRs by
introducing the streamlines of counter sense, thus reducing the
vorticity as shown in Figure 12. Additionally, helicity along the

width of the channel for AVD0 was 0.4 m2s-2, contrasting with
0.3 m2s-2, 0.25 m2s-2, 0.8 m2s-2, and 0.1 m2s-2 for AVDR1, AVDR2,
AVDR3, and AVDR4, respectively, on the surface vortex location.
This again confirms the effectiveness of AVDs in disrupting the
swirling of the vortex. For convenience, vorticity and helicity for
various AVDR configurations have been displayed exclusively in
Figure 10C. Contour plots in Figure 10 depict how AVDs influence
vortex formation and vorticity. Figure 7A presents the contour plot
for AVD0, while Figures 11A–D show surface vorticity contour plots
for AVDR1, AVDR2, AVDR3, and AVDR4, respectively. These plots
illustrate the significant reduction in vortex formation and surface
vorticity resulting from the application of AVDs.

AVDR2 and AVDR4 exhibited smaller vorticities compared to
AVDR1 and AVDR3 as shown in Figure 10C, emphasizing their
superior efficacy. This difference might stem from the deployment
positions;AVDR2 andAVDR4were placednear the surface, whereas
AVDR1 andAVDR3were positioned in themiddle (refer to Table 3).
Consequently, AVDR2 and AVDR4 show greater effectiveness.
This assertion could be further confirmed by examining the
contours of velocity streamlines depicted in Figure 12. Streamlines
in Figures 12A, C appear denser, indicating less disrupted swirl
motion (and thus high vorticity) in the case of AVDR1 and AVDR3
compared to AVDR2 and AVDR4. A comparison of effectiveness of
various configurations of AVDRs is presented in Table 4.
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4 Conclusion

The study investigated the formation and mitigation of
surface vortices by deploying two types of anti-vortex devices
(AVDs), namely, AVDSFs (triangular fins type) and AVDRs (ring-
type devices), through a CFD analysis. The results showed the
effectiveness of these devices in reducing surface vortex intensity.
The outcomes can be summarized as follows.

(i) In the absence of AVDs (AVD0), a prominent surface vortex
with a vorticity of approximately 38 s-1 was observed in
the pump sump.

(ii) With the deployment of AVDSFs, a remarkable reduction
of vorticity up to 80.26% was achieved. This reduction was
attributed to disruption of strong swirl motion of vortex as
evidenced by velocity streamline contours. Moreover, it was
shown that triangular side fins, eachwith 18.28 mm side length
and a total of 5 fins (AVDSF-15), were most effective in
diminishing the surface vortex intensity. For configurations
other than AVDSF-15, a few other disturbances and corner
vortices were observed.

(iii) Similarly, AVDRs also exhibited a significant reduction (80%)
in surface vorticity in case of AVDR4, underscoring their
effectiveness as AVDs. Velocity streamline contour plots
illustrated howAVDRs disrupt the swirl motion tomitigate the
surface vortex. Also, AVDRs positioned near the free surface
were more effective in suppressing the surface vortex than
those deployed in the middle around the periphery of suction
pipe of pump.

(iv) While both types of AVDs were effective in mitigating vortex
formation, factors such as manufacturability, cost, and ease
of installation must be considered when selecting a specific
configuration.

(v) This study can further be extended in optimizing
the deployment of AVDs considering factors such as
manufacturability and cost.
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