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Abstract

Graphical abstract

Mechanical aerators are essentialfor enhancing water circulation and dissolved
oxygen (DO) levels in shrimp pond aquaculture, which are critical for shrimp health
and growth. Among the common aerator types, including paddlewheel, diffuser,
and propeller systems, paddlewheels are widely used due to their effectiveness in
surface aeration. However, uncontrolled flow rates may lead to pond erosion and
excessive energy consumption. This study investigates the influence of
paddlewheel design parameters on pond water flow rates using Computational
Fluid Dynamics (CFD) simulations in FLOW-3D. Three paddle configurations (with 12
holes, 16 holes, and no holes), rotational speeds ranging from 8 to 16 rad/s, and
two layout setups (inline and parallel) were analyzed. The results show a strong
correlation between paddle speed and flow rate, with opfimal performance
observed between 9 and 11 rad/s. The design without holes produced up to 73.3%
higher flow rates but led to unbalanced circulation. In confrast, the parallel
configuration provided more uniform flow distribution than the inline setup, helping
to maintain consistent DO levels and reduce localized stagnation. These findings
offer practical insights into optimizing aerator design and operation to improve
water quality, minimize erosion risk, and support sustainable shrimp aquaculture.

Keywords: Mechanical aerator, CFD, Pond Flow rate, Paddle Configuration,
Hydrodynamic Performance

Abstrak

Aerator mekanikal adalah penting untuk meningkatkan peredaran air dan paras
oksigen tferlarut (DO) dalam akuakultur kolam udang, yang amat kritikal untuk
kesihatan dan perfumbuhan udang. Antara jenis aerator yang biasa digunakan
termasuklah sistem paddlewheel, penyebar, dan kipas, di mana paddlewheel
paling meluas digunakan kerana keberkesanannya dalom pengudaraan
permukaan. Walau bagaimanapun, kadar aliran yang fidak terkawal boleh
menyebalbkan hakisan kolam dan penggunaan tenaga yang berlebihan. Kajian
ini menyiasat pengaruh parameter reka bentuk paddlewheel terhadap kadar
aliran air kolam menggunakan simulasi Dinamik Bendalir Pengiraan (CFD) dalam
perisian FLOW-3D. Tiga konfigurasi pendayung (dengan 12 lubang, 16 lubang, dan
tanpa lubang), julat kelajuan putaran antara 8 hingga 16 rad/s, dan dua susun
atur (sejajar dan selari) telah dianalisis. Hasil kajian menunjukkan hubungan yang
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kuat antara kelajuan paddle dan kadar aliran, dengan prestasi optimum dicapai
pada julat 9 hingga 11 rad/s. Reka bentuk tanpa lubang menghasilkan
peningkatan kadar aliran sehingga 73.3%, namun menyebabkan peredaran air
yang tfidak seimbang. Sebaliknya, konfigurasi selari memberikan taburan aliran
yang lebih sekata berbanding konfigurasi sejajar, membantu mengekalkan paras
DO yang konsisten dan mengurangkan kawasan bertakung. Penemuan ini
memberikan panduan praktikal dalam mengoptimumkan reka bentuk dan
operasi aerator bagi meningkatkan kualiti air, mengurangkan risiko hakisan, dan
menyokong kelestarian akuakultur udang.

Kata kunci: Aerator mekanikal, CFD, Kadar aliran kolam, Konfigurasi pendayung,

Prestasi hidrodinamik

© 2026 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

The mechanical aerator is a pivotal rotary device
extensively employed within shrimp ponds to treat the
water quality.  Among the various types,
paddlewheels emerge as a significant variant of
mechanical aerafors as shown in Figure 1. These
paddlewheel aerators operate by partially
submerging in water, affixed onto a floater and are
infegrated with a rotating motor positioned along a
horizontal axis [1]. Activation of these aerators,
typically through electrical power, initiates continuous
rotation, facilitating the mixing of air with the water via
surface contact thereby improving dissolved oxygen
(DO) levels essential for the vitality of aquatic
organisms.

Traditionally, paddlewheel aerators are designed
with specific features, such as rotors, floaters, and
perforated blades, to facilitate effective water
aeration [2]. Each component is carefully engineered
to ensure optimal functionality, such as perforations
(hole)number are strategically placed along paddle
surface to enables the efficient induction of airinto the
water [3].

Paddle impellers /

Coupling sets ¢

Pillow Blocks

Frame Floaters

Figure 1 1 Hp Paddlewheel Aerator

Despite their effectiveness on functionality, there is
still significant challenges remain in optimizing the DO
levels in the waters [4]. Whereas, the effectiveness of
aeration systems in maintaining DO levels is commonly
evaluated by using two key performance mefrics:

Standard Oxygen Transfer Rate (SOTR), which
quantifies the amount of oxygen fransferred info
water per hour, and Standard Aeration Efficiency
(SAE), whichrepresents the oxygen transferred per unit
of energy consumed (kg O./kWh). These metrics,
defined by Equations (1) and (2), are critical indicators
of an aerator’'s operational performance in
aquaculture systems:

SOTR=Kia"V-(C*—C) (Egn. 1)
SAE=SOTR /P (Eqn. 2)

Where Kiq is the oxygen transfer coefficient (h™'), V
is the volume of water, C+and C are the saturated and
actual DO concentrations, respectively, and P is the
power input. Among of these variables, Ko is most
sensitive to hydrodynamic conditions, particularly
turbulence, which is influenced by the rotor speed
and flow rate generated by the aerator. As rofor
speed increases, so does furbulence and surface
renewal, enhancing oxygen fransfer.

In shrimp pond systems, the water flow rate
induced by paddlewheel aerators plays a pivotal role
in governing SOTR and SAE. Adequate flow enhances
oxygen diffusion through turbulent mixing, while
insufficient flow can result in localized oxygen
depletion, threatening shrimp health. On the other
hand, excessively high flow may lead to DO
supersaturafion, which can be equally harmful to
aquatic life [5]. Therefore, it is essential to evaluate the
relationship between aerator parameters (e.g., blade
speed, configuration, immersion depth) and pond
water flow characteristics, in order to establish best
practices for optimizihng DO delivery and energy
efficiency [6].

Numerous  studies have evaluated the
performance of mechanical aerators in aquaculture
systems, with a focus on their ability to enhance
dissolved oxygen (DO) levels through improved water
flow dynamics. Peterson and Walker et al., (2002) [7]
assessed a real experimental of Taiwanese
paddlewheel aerators on a pond and found that
increasing rotfational speed significantly enhanced
oxygen fransfer, with standard aeration efficiency
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(SAE) ranging from 0.31 to 1.33 kg O,/kWh and standard
oxygen fransfer rate (SOTR) rising from 0.31 to 1.34 kg
O,/h as speedincreased from 6.5 to 11 rad/s. Roy et al.,
(2015) [8] further demonstrated that optimal aerator
efficiency was achieved at 17rad/s (SAE = 1.019 kg
0O,/kWh), while the lowest aeration cost occurred at
8rad/s in smaller ponds (<700 m?), highlighting the
importance of matching speed and flow conditions to
pond scale.

Moreover, a study develop a new compact
paddlewheel hole aerator design reaching SAE values
up to 2.54 kg O,/kWh, while achieved even higher
efficiency (SAE of 2.95 kg O,/kWh) by using CFD-
optimized curved blade configurations design that
enhanced flow-induced furbulence and oxygen
diffusion [?]. These findings underscore how specific
design elements such as blade shape, rotor speed, and
immersion depth directly influence hydrodynamic
behavior and, consequently, DO transfer performance.

Recent innovations have further explored ways to
improve flow dynamics while reducing energy
demands. Amovable blade paddlewheel aerator that
reduces drag and torque by 23-36% depending on
immersion depth, lowering required input power to just
0.34 kW which significantly below conventional systems
(2.25-7.5 kW) [10] CFD simulations of these systems
confirmed enhanced flow uniformity and reduced
energy loss. In a broader review, Tanveer et al., (2018)
[11] concluded that paddiewheel aerators continue to
outperform alternatives like spiral aerators in larger
ponds due to their superior SOTR and SAE. Additional
studies also show that material selection and blade
holes configuration such as using steel over PVC or
adopting zigzag and flat designs can significantly
improve water movement and oxygen fransfer across
different pond depths.

Taken together, these studies establish a strong link
between aerator designs parameters and the resulting
flow conditions within aquaculture ponds, which are
critical for effective DO management. This study aims
fo investigate how key designs and configurations
parameters of mechanical aerators will influence water
flow dynamics in shrimp ponds, with a focus on
identifying best conditions for effective and sustainable
DO management.

2.0 METHODOLOGY

2.1 Governing Equation

In this study, a Computational Fluid Dynamics (CFD)
approach was employed using FLOW-3D software to
simulate  the  hydrodynamic  behavior  under
investigation. FLOW-3D solves the three-dimensional
Navier-Stokes equations for incompressible, viscous
flow, incorporating appropriate turbulence and free
surface models depending on the physics involved.
The fundamental governing equations used in the
simulations are as follows:

Continuity  Equation  (Mass  Conservation):  For
incompressible flow:

ou/dx + dv/dy + ow/dz =0 (Egn. 3)

2. Momentum Equations (Navier-Stokes Equations):
In the x-direction:

ou/ot + u(0u/dx) + v(du/dy) + w(ou/dz) =
—1/p (0p/0x) + v(0%u/0x? + 0%u/dy? + 0*u/0z?) + F,

(Ean. 4)
Where:
e U, vV, w: velocity components
e p:pressure
e p:fluid density
e v = u/p: kinematic viscosity
e Fx, Fy, Fz: body forces

Free Surface Tracking (Volume of Fluid - VOF method):

F/dT + V - (FV) =0 (Egn. 5)
Where:
e Fisthe fluid volume fraction (0 for empty, 1 for
full of fluid)

2.2 CFD Configuration and Parameters

In this study, a numerical CFD using FLOW 3Dsoftware
was used to achieve the aims. The approach has
been employed in many researching aquaculture
systems, proving to be an effective tool for optimizing
the performance of mechanical aerators. Some of the
article related can be summarized in Table 1.

Table 1 Summarize of review for mechanical aerator

No Title Reference
1 CFD Study to Determine the Optimal  [12]
Configuration of Aerators in a Full-

Scale Waste Stabilization Pond

2 CFD Modeling Pond Dynamic [13]
Processes

3 Feasibility of a Wind-Powered [14]
Aeration System for Small-Scale
Aqguaculture in Developing
Countries

4 Towards a Robust CFD Model for [15]
Aeration Tanks for Sewage
Treatment

5 Study on Two Operating Conditions  [16]
of a Full- Scale Oxidation Ditch Using
CFD Model

In this fechnique, fluid flow is replicated based on
fundamental flow equations like the Navier-Stokes
and continuity equation, which are broken down into
discrete elements and solved for every computational
unit. Employing CFD software parallels the process of
arranging an experiment in numerous aspects [17]. If
they are not configured accurately to mirror real-
world conditions, the outcomes will not accurately
represent reality including in aquaculture industries.
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In the initial pre-processing phase, an actual
paddlewheel parameter, based on reference [18],
was used as the basis for modelling in CFD, as
represented in Figure 2. Then, a comprehensively
analyse of influence of aerator designs into flow
characteristics were investigated with three distinct
paddle configurations models: a paddle with 12 holes
(A) as the basis, paddle with 16 holes (B) and paddle
without hole (C), as illustrated in Figures 3 to 5,
respectively. These three configurations were selected
to evaluate the impact of varying the number and
presence of perforations on the paddle's
performance, specifically focusing on the effects on
flow rate, dissolved oxygen levels, and energy
consumpftion. Although the other parameters were
kept constant across all configurations to ensure a
controlled comparison, the variations in hole number
allowed us to isolate and identify the specific
influence of perforations on the overall system
performance. This approach helps provide a deeper
understanding of how aerator modifications are
affected into its efficiency.

The paddles are designed with shafts and
connected at the ends with blades. Some parameters
were omitted under the assumpftion that negligible
components have minimal impact on fluid flow
dynamics. This simplification serves to reduce
computational errors associated with discretization
during the CFD pre-processing stage.

PADDLE

— FLOATER

MOTOR
1490 | 45p c
SHAFT

=
Y

WATER SURFACE

SIDE VIEW

Figure 2 Design of paddlewheel aerator [18]

Figure 3 Design of paddlewheel without holes blade

Figure 4 Design of paddlewheel with 16 holes 2.6 cm
diameter blade

Figure 5 Design of paddlewheel with 12 holes 2.6 cm
diameter blade

The subsequent stage involves exporting the
models into simulation software. This process entails
setting up simulations encompassing physics, fluids,
boundaries, viscosity and turbulent condition, mesh,
and selecting the most appropriate solver for the
cases. The simulation boundary is defined with
dimensions of 5m length in x direction, 3m width in y
direction and 0.85m depth in z direction. consistence
with  the basis domain in reference [18] to
accommodate the paddle wheel and analyse the
flow surrounding the blades. The boundary setups are
set for wall at the bed and symmetries in all other
directions to avoid the water splashing, as shown in
Figure 6.
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Figure 6 Boundary condition for present model

An RNG turbulence closure have been chosen as
turbulence model, since its offers improved accuracy
for capturing swirling, recirculating, and rapidly
strained flows compared to the others. A time step
finish fime has been made up to be 0.01 and 30s
respectively, due fto limited computer storage.
Simulations were carried out by using several
machines built with Processor Type Intel(R) Core (TM)
i7 CPU, 2.67GHz with the RAM capacity is 16Gb.

A mesh convergence study is conducted fo
ascertain the optimal cell size for the study. Figure 7 to
Figure 9 present a mesh convergence study to
determine the optimal mesh size for a simulation. Four
mesh blocks were tested with varying cell sizes from
fine to coarse across five cases (B1-B5). Each case
resulted in different total mesh counts, ranging from
3,028,700 to 157,800 cells. Key evaluation criteria
included average velocity results, simulatfion finish
fime, and storage requirements.

Case B3, with a total mesh of 1,594,000 cells, was
selected as the most suitable. It offers a balance
between computational efficiency and result
accuracy. It's also shows that, the average velocity
stabilizes at this mesh size, while finer meshes in B4 and
B5 increase simulation time and storage without
significant improvement in accuracy. Coarser meshes
(B1 and B2) show less reliable velocity values. Thus, B3
ensures a reliable result with manageable resource
usage, making it ideal for continued analysis in the
study.

Mesh Mesh Mesh Mesh Total Finish Storage Average Mesh
Cases Block 1 Block2 Block3 Block4 Number fime © b]g Velocity Quality
(course) (fine1) (fine2) (fine2) of Mesh (days) Results (m/s)
B1 0025 0014 0.007 0.007 3028700 8 23 0.172 Good
B2 0032 0016 0.008 0.008 2355500 5 18 0.169 Good
B4 0.04 002 0.01 oo 255300 2 4 0.151 Good
BS 0.08 0.04 0.02 0.02 157800 1 1 0.128 Bad

Figure 8 Mesh quality of present model

0.190
0.180
0.170
0.160
0.150
0.140
0.130
0.120
0.110
0.100

most suitable mesh siz

Average Velocity (m/s)

3028700 2355500 1594000 955300
Total Mesh

157800

Figure 9 Mesh independence study of present model

The water depth is set at 0.83 m, considering that
the paddlewheel blades will be partially submerged
as stated by basis design in reference [8]. General
Moving Object functionality is activated in the
software, with a rotation speed of 12 rad/s for the initial
cases (Table 2), followed by various speeds as
specified in Table 3. A measurement probe is
positioned 1 meter in front of the paddle wheel to
assess the water velocity. This measurement is crucial
for evaluating the flow rate characteristics of the
paddle wheel. The relationship between velocity and
flow rate is given by Equation (6):

Q=A-V (Ean. 6)
where Q represents the flow rate, A is the cross-
sectional area of the flow, and V is the measured
velocity. The velocity measured by the probe will thus
provide insight info the flow rate characteristics, as
flow rate is directly proportional to velocity for a
constant cross-sectional area.

Table 2 Paddle Wheel types and parameters used in the
simulation

Parameters A B C
Diameter 0.67m 0.67m 0.67m
Length 1.5m 1.5m 1.5m
Number of Paddle 8 8 8
Speed 12rad/s 12rad/s 12rad/s
Holes in Paddle 12 16 Non

Holes diameters 0.026 0.026 Non

Figure 7 3D view of the computational domain and mesh
configuration used in the present model
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The test cases of paddle wheel with type A were
chosen for further analysis for variation of speeds, as it
may operate at different speed capacity.

Table 3 Test cases for variation of paddle wheel speeds

Parameters Paddle Type A
Diameter 0.67m

Length 1.5m

Number of Paddle 8

Speed 8-16rad/s
Holes in Paddle 12

To validate the simulation results, reference is
made to the experimental study by [18], which
investigated  water  circulation  induced by
mechanical aerators in  a rectangular shrimp
aquaculture pond. The study fested a commercial
paddle-wheel aerator (TA-55H) with two drums, each
equipped with multiple paddles, rotating at
approximately 11rad/s. The study reported average
velocities exceeding 0.2m/s near the aerator. These
measured flow structures and magnitudes provide a
reliable benchmark to compare and validate the
simulated velocity fields and circulation patterns in this
study.

Furthermore, two different wheel paddle
configurations (inline and parallel) were investigated
to determine the overall effects of paddle wheel
contributions on velocity and flow distribution in the
pond. Four Paddle A units, each operating at a speed
of 12 rad/s, were used in the simulation. The pond was
set up with dimensions of 10m by 10m. This dimension
choice was due to limited computer capability for
running simulations at a full pond scale. Although it
does not fully represent the actual pond parameters,
it serves as a useful indicator for further studies.

3.0 RESULTS AND DISCUSSION
3.1 Validation

The experimental velocity data from Iltano et al. (2019)
[18] were presented in component form, U, and U,,.
In order to compare the experimental results with the
simulation  output  (velocity  magnitude), we
calculated the magnitude using Equation ().

V= |U?+U>? (Eqn. 6)

This conversion allows the experimental and
simulated velocity trends to be directly comparedin a
consistent form. The plotted simulation time was
limited fo 30 seconds because, as observed in both
simulation and experimental results, the flow behavior
stabilizes after this period. This fimeframe is sufficient to
capture the representative hydrodynamic pattern
and reduces computational burden. Longer
simulations would require high-performance

computing resources, which were not available for this
study. The setup and simulation decisions are
disclosed here to support reproducibility

The comparison between the simulation and
experimental data from ltano et al. (2019) [18] in
Figure 10 shows that both trends are consistent in terms
of velocity magnitude and pattern over time. The
simulation predicts a gradual increase in velocity,
stabilizing around 0.2 m/s, while the experimental data
quickly reaches a steady value around 0.25 m/s after
an initial spike. To estimate error, the mean absolute
error (MAE) over 30 seconds is approximately 0.04—
0.06 m/s. The simulation slightly underpredicts peak
values but captures the general flow behavior. This
close agreement supports the reliability of the
simulation in  replicating the  hydrodynamic
performance of the paddle-wheel aerator.

0.4
- 0.3
S~
E
= 0.2
=
(8]
2 01
()]
>
0
0 10 20 30
Time (s)
—— Simulation Experimental (Itano et.al,2019)

Figure 10 Comparison between the simulation and
experimental data from ltano et al. (2019) [18]

3.2 Effect of Paddle Hole

In this case, the impact of different paddle wheel
designs on fluid velocity, specifically on blades with
and without holes was evaluated. Figure 11 shows the
fime evolution of fluid velocity for each blade design.
Initially, the blades without holes exhibit faster fluid
velocities due to higher resistance caused by the
larger surface area. Conversely, blades with holes
allow water to pass through, reducing resistance and
enabling lower initial velocities. This aligns with fluid
dynamics principles, where reduced surface area and
friction facilitate lower on water velocities or flow
rates.
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—— 12 hole
——16 hole

Water Velocity (m/s)
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N

o

0 10 20 30
Time Series (s)

Figure 11 Comparison time series simulation of fluid
velocity magnitude of different blades design holes

Furthermore, Figure 12 shows an average of water
velocity speed contribute by each blade’s designs. Ifs
present blade without holes achieves higher velocity
compare to those with holes up to 73.3%. It leading to
increased turbulent diffusion of atmospheric oxygen
intfo the water. However, a proper water flow is crucial
for maintaining dissolved oxygen levels, essential for
the well-being of shrimp populations. And excessively
high velocities also could lead to an overabundance
of aerated dissolved oxygen, while sluggish flow can
decrease oxygen levels, threatening shrimp health.

> 024
E
0.22
%’ m Non Hole
8 0.2
g H 12 Hole
> 0.18
20 H 16 Hole
©
§ 0.16
I

Blade Design Hole

Figure 12 Average Fluid velocity magnitude at stable
condition

Figures 13 to 15 provide detailed CFD results that
support the study's findings. The data show that
paddles with 16 holes generate significantly more
water splashing compared to those with 12 holes or no
holes. This could fulfil the condition of oxidation
process, which indicate that the enhancing the
exposing more water to atmospheric oxygen might
facilitating better oxygen exchange [19]. It is crucial
for maintaining optimal dissolved oxygen levels for
shrimp health and growth [20]. Moreover, paddles
with holes exhibit a more uniform distribution of fluid

velocities/flow rate, essential for efficient water mixing
and even oxygen dispersion.

Furthermore, paddle with 16 holes has given low
turbulence illustration compare to others designs. It
could be harmful to the aquatic environment. The
balance achieved by using paddles with 16 holes is
particularly noteworthy, as it ensures adequate
oxygenation while confrolling furbulent diffusion,
promoting a healthy habitat for shrimp and minimizing
sediment resuspension risks [21].

Time = 8.000

Figure 13 Velocity /flow distribution using paddle with 16
holes

Time = 8.000

L.

FLOW:3D

Figure 14 Velocity /flow distribution using paddle with 12
holes

Velogity (mis)

5.000
3750
2500
1250
0.000

Figure 15 Velocity/flow distribution using paddle without
holes

15.301

L. 1

FLOMGID
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3.3 Effect of Paddle Speed

This study provides a comprehensive analysis of the
impact of paddle speed on water velocities or flow
rates. Figure 16 illustrates the time series simulation of
water velocities at different paddle speeds (8 rad/s to
16 rad/s). All values represented in the figure exhibit
fluctuations over time, which is expected due to the
complex interaction between the rotating paddle
and water. The rotation of the paddlewheel creates
periodic pulses of energy, resulting in oscillations in
water velocity as each paddle enters and exits the
water surface. Higher paddle speeds, such as 16
rad/s, demonstrate more pronounced fluctuations,
reflecting the increased frequency and intensity of
these pulses, which in turn lead to greater furbulence.
This heightened turbulence enhances mixing and
oxygenation but can also significantly increase
energy consumption and create conditions that may
stress or harm aquatic organisms if not properly
managed [22].

035
03
0.25
02
0.15
01
0.05

Velocity (m/s)

Time (s)
9rad/s 10rad/s

8rad/s
11rad/s 12rad/s 13rad/s
—— 14rad/s ——15rad/s —— 16rad/s

Figure 16 Comparison Effect of paddle speed to the water
velocities or flow ratfe in fime series simulation

Furthermore, in Figure 17 shows a non-linear
relationship of average water velocities or flow rate for
different paddle speed.

Velocity
(m/s)
0.25
M 8rad/s
02  9rad/s
10rad/s
0.15 11rad/s

M 12rad/s
o 13rad/s
W 14rad/s
M 15rad/s
W 16rad/s

01

0.05

0

Figure 17 Comparison of an average water velocities or
flow rate at different paddle speed

The velocity started with lower at 8 rad/s the rises
significantly between 9rad/s to 11 rad/s, then plateaus
from 12rad/s to 15rad/s before increasing further at 16

rad/s. The plateau between 9 rad/s and 11 rad/s may
indicate a region of opfimal energy transfer
efficiency, where increased energy input does not
proportionally increase water velocity due to
turbulence and energy losses. The sharp increase at
16 rad/s suggests a threshold overcoming these losses,
leading to higher velocities but also greater
turbulence. These findings highlight the balance
needed between paddle speed, efficient mixing, and
energy consumption for optimal aquatic environment
management.

3.4 Effect of Paddle Configuration

The effects of different paddle configurations on pond
water velocity or flow rate distribution analysed to
assess their impact on hydrodynamic performance.
Figure 14 shows that the parallel paddle configuration
creates multiple high-velocity zones with maximum
velocity  13.4m/s, indicating effective  water
movement and extensive mixing.

13.40

0.00

Figure 14 Effect of parallel paddle configuration on pond
water velocity or flow rate distribution

This setup ensures each paddle contributes to a
uniform distribution of kinetic energy, enhancing
overall water circulation within the pond. Such
uniformity is crucial for large aquaculture systems, as it
ensures consistent oxygen distribution, maintaining a
healthy environment for aquatic life [23]. The
extensive mixing promoted by the parallel
configuration helps reduce the likelihood of low-
oxygen areas, which is beneficial for sustaining shrimp
populations [21]. The parallel configuration s
particularly effective in preventing stratification, which
can lead to stagnant zones and poor water quality.
Additionally, the parallel paddles create moderate
turbulence, which helps distribute oxygen more
evenly without causing excessive stress on the aquatic
organismes.
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In contrast, Figure 15 demonstrates that the inline
paddle configuration results in a concentrated high-
velocity zone along the paddles' path with water
velocity up to 34.53m/s. This sefup generates a
streamlined flow pattern, with high velocities near the
paddles that decrease further away. While this
configuration can effectively facilitate localized
mixing and aeration, it may not achieve the same
level of uniform water movement throughout the
pond as the parallel configuration [24]. The inline
configuration may be more efficient in targeted
applications where specific areas require higher
oxygen levels and mixing intensity. However, it might
not prevent the formation of low-oxygen zones as
effectively as the parallel configuration [25]. The inline
setup generates higher localized turbulence, which
can enhance oxygenation in specific regions but
might also lead to increased energy consumption and
stress on aquatic organisms if not properly managed
[26]. The choice between these configuratfions
depends on the specific needs of the aquaculture
system: parallel paddles for widespread mixing and
oxygenation, and inline paddles for targeted aeration
and energy efficiency [27].

34.53

0.00

Figure 15 Effect of inline paddle configuration on pond
water velocity or flow rate distribution

4.0 CONCLUSION

The investigation info the parameters of mechanical
aerators and their effects on pond water flow rates
using CFD has provided significant insights. The study
revealed that aerator speed is directly proportional fo
the water flow rate, with a paddle optfimal speed
range of 9 rad/s to 11 rad/s for balanced
performance. Paddlewheel designs also play a
crucial role, with aerators without holes achieving up
to 73.3% higher flow rates compared to those with
holes, which leading fo increased turbulent diffusion of

atmospheric oxygen into the water. However,
uncontrolled water velocity of flow rates could lead to
the death of shrimp.

These findings underscore the importance of
optimizing both the design and operational
parameters of mechanical aerators to enhance
water quality in aquaculture systems. The results
advocate for further exploration and refinement of
these parameters to achieve optimal practices for
mechanical aerators, ensuring efficient energy use
and promoting a healthy aquatic environment. This
research provides a foundation for future studies
aimed at improving mechanical aeration practices in
shrimp pond management.

For future work, we recommend extending the
simulation time and employing higher computational
capabilities to capture full periodic flow patterns and
unsteady effects over alonger time horizon. This would
help enhance the understanding of transient
phenomena and improve the fidelity of CFD models
for aquaculture aerators
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