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The optimization of the inlet layout in aquaculture systems is essential to
ensure minimal solid waste discharge into the environment and improve fish
production efficiency. In the present study, laboratory experiments were
carried out to investigate the effects of the jetting position d/a (where d is
the distance from the pipe axis to the tank side and a is the side length of the
tank wall) and the jetting angle 0 (the acute angle between the jetting direction
and the nearest tank wall) on the solid waste removal efficiency in single-inlet
and dual-inlet octagonal Recirculating Aquaculture System (RAS) tanks. To this
end, three jetting positions (d/a) of 1/50, 1/8, and 1/4 and ten jetting angles (6) of
0° to 80° were considered in the experiments. The Particle Image Velocimetry
(PIV) technique was applied to measure the flow characteristics in the tank and
analyze the solid waste removal under different working conditions. Residual
mass of the solid waste, time of complete removal of solid waste, average
velocity (vayg), and uniformity coefficient of velocity distribution (DUsg) were
analyzed to evaluate the solid waste removal efficiency. The obtained results
indicate that adjustments of the inlet layout significantly affect the solid waste
removal efficiency. It was found that a single-inlet tank with a d/a of 1/8 and 0in
the range 10° to 40° has a good solid wastes removal performance, and the
optimal efficiency occurs at a jetting angle of 30°. Moreover, the optimal solid
waste removal efficiency in a dual-inlet tank can be achieved with a d/a ratio of
1/8 and a 0 of 20°. The performed analyses reveal that from the aspect of solid
waste removal efficiency, a tank with a d/a ratio of 1/8 outperforms a tank with
a d/a ratio of 1/4 or 1/50. The results of this article offer novel insights in the
layout of octagonal RAS tanks and provide a guideline to improve self-cleaning
features of aquaculture tanks.
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1 Introduction

Studies show that China’s aquaculture industry has increased
steadily in the past few decades. In 2021, China’s aquatic and
aquaculture products exceeded 67 million and 54 million,
respectively (Fisheries and Fishery Administration Bureau of the
Ministry of Agriculture and Rural Zones et al., 2022). Despite
these promising data, the traditional aquaculture development
model is a challenge for the stringent environmental
requirements, the safety of aquatic food, and the development
of aquaculture (Zhang et al., 2017). Recently, Recirculating
Aquaculture System (RAS) has been proposed as an advanced
aquaculture method with remarkable advantages to optimize the
water consumption in the aquaculture industry and improve the
efficiency of aquaculture and land utilization. Studies show that
RAS has made great progress in water disinfection, water
purification, and the physiological and biochemical metrics in
the aquaculture industry (Timmons et al., 1998). The performed
analyses revealed that rapid solid waste flushing out of RAS tanks
is an essential prerequisite to achieve an appropriate
hydrodynamic performance and fish welfare (Gorle et al., 2020).
In this scheme, different inlet layouts affect the solid waste removal
efficiencies. However, considering the current shortcomings of a
rational-based design on inlet layout on the solid waste removal
efficiency of octagonal RAS tanks, conventional systems in the
aquaculture industry is largely relying on previous experience.
Therefore, it is necessary to systematically optimize the inlet
layout to form an appropriate aquaculture flow field
environment while improving the removal efficiency.

Duarte et al. (2011) showed that the tank geometry
significantly affects the overall flow pattern. Generally,
aquaculture tanks are fabricated in five geometries, including
rectangular, circular, octagonal, rectangular round chamfering,
and runway. Among these geometries, octagonal tanks are easier
to handle and construct than other tanks so that octagonal tanks
have been more common in operational production (Zhao et al,
2022). Davidson and Summerfelt (2004) studied the eftects of the
inlet structure on the self-cleaning features of large circular
aquaculture tanks and found that the appropriate direction of
the inlet structure increases the rotation velocity in the tank.
Moreover, Zhu et al. (2022) conducted experiments and studied
the removal of solid wastes, and analyzed the flow field in a
circular aquaculture tank with different inlet layouts. It was found
that adjusting the inlet layout would affect the flow field
characteristics and the solid waste removal efficiency. Venegaset
et al. (2014) systematically evaluated the effect of different water
injection devices on the tangential velocity of flow in octagonal
RAS tank. Benoit (2007) showed that the structure of the water
inlet and outlet systems significantly affects the hydraulic mixing
performance and the flushing ability of precipitated particles in
the tank. In addition to experiments, numerical techniques have
been widely applied to analyze the flow field and improve solid
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waste removal efficiency (Xue et al., 2020; Ren et al., 2021). Gorle
etal. (2018a) studied the use of wall drain to control flow patterns
in the tank. It was found that flow features such as pressure,
velocity, uniformity, and turbulence affect the flow pattern so
these features should be further investigated. The octagonal RAS
tank is a common culture tank with good space management,
shared side walkways, and homogeneous fluid mixing, which is
widely used in aquaculture farms. Considering the production and
welfare of animals in intensive aquaculture, the design and
application of octagonal tanks should be given more attention
in future research (Xue et al., 2021; Zhao et al., 2022). However,
there is no in-depth investigation of the effects of inlet layout on
the performance of octagonal RAS tanks.

Based on the performed literature survey, the main objective of
the present study is to investigate the influence of inlet layout on the
solid waste removal efficiency of octagonal tanks and measure the
flow field distribution to explore the hydrodynamic feature of the
tank. In this respect, the effects of numerous parameters, including
the inlet mode, inlet angle, and inlet position on the efficiency of
solid waste removal are investigated comprehensively to maximize
the water conservancy conditions. This article is organized in five
sections. After introducing the problem and a review of the
literature, materials and methods and the experimental setup are
discussed in Section 2. The Influence of the inlet layout on the solid
waste removal efficiency, hydrodynamic characteristics, and flow
patterns are presented in Section 3. Then the obtained results are
analyzed to achieve an insight into the mixing phenomenon and the
discussions are presented in Section 4. Finally, the main conclusions
are summarized in Section 5.

2 Material and methods
2.1 Tank configuration

In the present study, experiments were carried out using a
RAS system consisting of an octagonal aquaculture tank model,
a recirculating system, and a measurement system. During the
experiments, solid waste removal (Figure 1A) and PIV flow field
(Figure 1B) were studied. The tank model is made of transparent
acrylic sheets and the dimensions of the test setup are presented
in Figure 2. The tank model has a total side length of a = 100 cm
and a height of 60 cm. Lekang (2013) demonstrated that optimal
performance in an octagonal tank is achieved with a ratio of total
side length to the corner side length of 5. Accordingly, four
rectangular acrylic baffles with a height of 60 cm and a width of
28.28 cm were installed in four corners to form the octagonal
aquaculture tank. The tank bottom was flat and a drain hole with
a diameter of 4 cm was set in the tank center. The inlet pipe had a
closed lower end and delivered water into the tank through 3
nozzles with a diameter of 2 cm. The diameter of nozzles were
0.6 cm and the distance of each nozzle from the end of the pipe
was 2, 16.5, and 31 cm, respectively.
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FIGURE 1

Figure 3 shows that the recirculation system mainly consists
of a reservoir (Figure 3A), pipes, and a 55 W water pump
(Sensen HQB-2500, China) (Figure 3B). The tank water runs
into the reservoir through the connecting tube and then returns
to the tank using the water pump, creating a water recirculation
system. The measurement system is schematically presented in
Figure 3C. A flowmeter (Keyence FD-Q20C, Japan) and a valve
are installed vertically on the water inlet pipe to monitor and
adjust the real-time input flow rate (L/min) into the aquaculture
tank to guarantee the hydraulic residence time (HRT) of 30 min
approximately (the water exchange rate is 2 times/h). Note that
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FIGURE 2

Configuration of the octagonal aquaculture tank: (A) Top view; (B) Front view (Unite: cm).
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Configuration of the experiment setup: (A) Solid waste removal system; (B) PIV flow field measurement system.

the input flow rate was set constant during the experiments so as
to isolate its coupled effects with jetting configuration. Thus, the
effect of jetting configuration on solid waste removal can be
comprehensively figured out. An inlet assembly (Figure 3D) was
designed to adjust the inlet layout and the jetting angle was
measured by a dial (Figure 3E). Moreover, a digital camera
(Nikon P7100, Japan) was installed over the tank to capture the
distribution of solid wastes in the tank bottom. To this end, the
surface of the bottom layer was covered with a white
architectural film to increase the contrast between solid wastes
and the background layer and improve the accuracy of the
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FIGURE 3

Main components of the experiment: (A) Reservoir; (B) Water pump; (C) Flowmeter; (D) Inlet assembly; (E) Dial.

analysis. Based on related previous studies (Patterson et al., 1999;
Du et al., 2020; Davidson and Summerfelt, 2004; Sin et al., 2021;
Xue et al, 2022), cylindrical-shaped feed with a diameter of
1.4 mm, a length of 2.0 to 2.5 mm and a density of 1.3 g/cm’
were used to study the motions of settable solid waste such as
uneaten feed and fish feces in the tank. The flow velocity was
measured using the PIV system, which consists of a CCD
camera, a laser device, and some particle tracers. In order to
improve the quality of PIV images, black paint was sprayed on
the bottom surface to eliminate undesired background light. In
all experiments, tap water was used and the tank was filled to a
depth of 33 cm to achieve a diameter-to-depth ratio of 1:3 and
meet the design requirement for water depth (Lekang, 2013;
Summerfelt et al., 2016).

In the present study, the influence of inlet mode, inlet jetting
angle, and inlet jetting position on the octagonal aquaculture
tank were analyzed comprehensively. It should be indicated that
the inlet mode refers to the number of inlet pipes. In this regard,
an inlet system with one pipe and two pipes is hereafter called
single inlet mode and dual inlet mode, respectively. Moreover,
the jetting angle refers to the acute angle between the jetting
direction and the nearest tank wall. Therefore, the jetting angles
of 0° and 90° are parallel and perpendicular to the nearest wall of
the tank, respectively. Ten jetting angles of 0°, 10°, 20°, 30°, 40°,
45°, 50° 60°, 70° and 80° were analyzed in the experiments.
Particularly, the angle of 45° is also included for it is widely used
in aquaculture practices (An et al,. 2018; Gorle et al., 2018b;
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Dauda et al., 2019). The jetting position refers to the position of
the inlet pipe which is deployed in the tank. This parameter is
reflected by d/a, where d is the distance from the pipe axis to the
tank side. Based on the inlet pipe deployments that are
commonly used in aquaculture practices, three jetting
positions of d/a= 1/50, 1/8, and 1/4 were considered in the
experiments. It should be indicated that when d/a= 1/50, the
inlet pipe is just next to the tank wall. Further details of the
experiment will be discussed in the following section.

2.2 Experimental procedure

Experiments were carried out in a laboratory-scale octagonal
aquaculture tank in National Engineering Research Center for
Marine Aquaculture, Zhoushan, China. The experimental
procedures can be summarized as follows:

2.2.1 Solid waste removal experiment

The experimental cases can be categorized into single-inlet
and dual-inlet cases. In each mode, three jetting positions (d/a)
of 1/50, 1/8, and 1/4 and ten jetting angles of 0°, 10°, 20°, 30°, 40°,
45°,50°, 60°, 70°, and 80° were considered. In total, 60 cases were
analyzed in this section and each case was tested triple. A four-
step framework was established to perform the experiments.

(1) Adjust the inlet layout of the jetting mode, jetting
position, and jetting angle for each case. (2) Adjust the water
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level in the tank and turn on the water pump to circulate water.
After 30 minutes and achieving a steady-state condition,
switched on the camera and settable feed (10 g) was evenly
sprinkled into the tank as quickly as possible. Moreover, run the
stopwatch to measure time. (3) Monitor the removal process of
solid wastes by manual visual inspection. Based on previous
studies (Summerfelt et al., 2016; Xue et al., 2022), the maximum
monitoring time is set to 30 minutes. If the solid wastes are not
drained completely after 30 minutes, the experimental system
will be stopped and the residual solid waste will be collected by
siphon, and the solid waste will be dried in the oven and
weighted. On the other hand, if the solid waste removal
process is completed in less than 30 minutes, the experiment
will be stopped whenever the solid waste removal is completed.
(4) Analyze the solid waste removal process using the captured
images and compare the weight of the residual solid
waste (Figure 4).

2.2.2 PIV flow field measurement experiment

In the experiment, the PIV technique was applied to
measure the flow characteristics in the tank and investigate the
solid waste removal mechanism under different working
conditions. It is worth noting that the PIV technique gives
quantitative information about the transient flow and is the
most widely used flow velocity measurement technology in the
field of experimental fluid mechanics (Robinson, 1991).
Compared with single-point measuring instruments, the PIV
technique can be applied to measure instantaneous flow fields
without interference.

The measurements were carried out in a dark room in the
Marine Measurement Laboratory of Qingdao Optical Flow
Software Technology Co., Ltd, China. The main procedures
of the PIV flow field experiment are consistent with those of the
solid waste removal experiment (Figure 5). However, no solid
waste was sprinkled into the aquaculture tank during the
experiment due to the following facts: (1) Solid waste in the
tank for a long time will affect the water clarity, thereby
weakening the penetration degree of the laser and affecting
the PIV results; (2) Solid waste has very little effect on the flow

10.3389/fmars.2022.1035794

field. Since the removal of solid wastes is closely related to the
bottom flow field, a CCD camera (5120 x 3800 pixels, 16 fps
max) was deployed just above the tank to capture the tracer
particles on the horizontal bottom layer. Accordingly, flow
velocity contours and streamline patterns were obtained to
analyze hydrodynamic parameters and flow field distributions.
The captured images were preliminary processed using Flow
pattern tracking master V50 software (Qingdao Optical Flow
Software Technology Co., Ltd.) and then they were refined in
the MATLAB (R2020b) platform to thoroughly analyze flow
velocity and visualize the captured data. Figure 6 shows the
obtained results in this respect.

2.3 Hydrodynamic analysis of a RAS
aquaculture tank

A review of the literature indicates that different optimal
velocities have been proposed to maximize the health and
growth of fish in the aquaculture industry (Oca et al., 2007;
Masalo et al., 2016; Wang, 2019). Generally, fish incline to swim
in water with high dissolved oxygen. Accordingly, heterogeneous
distribution of dissolved oxygen promotes fish aggregation due
to higher spontaneous activity, which increased the risk of
wound infection. Therefore, rapid solid waste flushing out of
the culture tanks is an important prerequisite to increase fish
welfare and aquaculture yield.

Average velocity (V4yg) and uniformity coefficient of velocity
distribution (DUs,) were comprehensively analyzed to evaluate
the solid waste removal efficiency. To this end, the effects of the
inlet layout on the homogeneity of water velocity were
determined using Eq. (1) (Masalo and Oca, 2007; Masalo and
Oca, 2010; Masalo and Oca, 2014). In this equation, DUs is a
parameter to adjust the average velocity of a specific tank to meet
the self-cleaning requirements and reach the desired distribution
of the dissolved oxygen. The average velocity (v,,,) was
measured using the PIV technique. It should be indicated that
DUsy and v,y can be mathematically expressed in the form
below (Venegas et al., 2014):

Turn on the
water pump

Adjust inlet layout

Wait for the water
to be steady

Turn on the
recording video

Spread the solid waste evenly
(10 g)

Collect

Dry and weigh residual solid

waste

]

A 4

4—@4\&
FIGURE 4

Flowchart of solid waste removal experiment

Result analysis
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L ) Turn on the Sprinkle tracer particles ) Wait for the water
Adjuet-olet]ayou: water pump and stir well to be steady
Process PIV image | Record PIV images Turn on the laser |
to obtain flow field using CCD camera to illuminate the water
FIGURE 5

Flowchart of the flow field measurement experiment.

v
DUsy = —2 %100 (1)
Vavg
o
vavg = h (2)

it
where v5 is the average velocity of the first 50% measured values
at each point and v, is the average weighted velocity of 9240
points of a depth section, which can be measured by the PIV
technique. Meanwhile, v; is the velocity of the monitoring point,
r; denotes the distance from the monitoring point to the tank
center, and i is the number of cross-sectional monitoring points
at a certain depth.

3 Results

3.1 Influence of the inlet layout on the
solid waste removal efficiency

Figure 7 shows that in some cases, the solid wastes can be
discharged completely within 30 minutes, while the complete
discharge does not occur in other cases. Obviously, the cases
with complete discharge have higher performance in self-
cleaning. In the present study, a systematic comparison was

carried out between all the experimental cases, the incomplete
removal cases were also analyzed based on the residual mass in
the aquaculture tank.

Figure 8 shows the time taken for complete solid removal. It
is reminded that complete removal of solid waste does not occur
in all cases. The horizontal and vertical axis represent the jetting
angle and the corresponding time for complete solid removal.
This figure does not cover the cases in which the solid waste
removal does not complete in 30 minutes. It is observed that in
the tank with a single inlet and d/a of 1/50 and 1/8, the time
taken for the complete removal of solid waste increases with an
increase in the jetting angle. The minimum evacuation time
occurs at the jetting angles of 10° and 40°. Figure 8A indicates
that when d/a is set to 1/4 and 6 increases from 10° to 45°, all
solid wastes are discharged from the aquaculture tank, and the
optimal solid waste removal efficiency occurs at the jetting angle
of 10°. Figure 8B reveals that in a tank with dual inlets and d/a of
1/50, the lowest solid waste removal time can be achieved at a
jetting angle of 10°. When d/a is set to 1/8, the time taken for
complete solid waste removal increases monotonically from 10°
to 60°. When the jetting angle exceeds 60°, solid waste could not
be completely discharged from the aquaculture tank. When d/a
is set to 1/4, the complete removal of solid waste can be achieved
only for jetting angles less than 30°.

FIGURE 6

Side length/(cm)
2
Velocity/(em.s™)

0 | i . : )
0 10 20 30 40 50 60 70 80 90 100
Side length/(cm)

Image processing of PIV data: (A) Raw PIV image; (B) Preliminary treatment; (C) Refined treatment.
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FIGURE 7

Samples of (A) complete and (B) incomplete solid waste removal processes within 30 minutes.

Figure 9 shows the residual mass of solid waste in cases
where the solid waste removal does not complete in 30 minutes.
It should be reminded that this figure does not cover the cases in
which the complete removal time is larger than 30 minutes.
Figure 9A presents the mass of the residual solid waste in a tank
with a single inlet. It is observed that when 6 is set to 80°, the
aquaculture tank existed residual solid waste by different degrees
in each working condition. When d/a=1/4 and 6=80°, the
residual mass of solid waste was higher than that at 6=0°, 70°,
and 60°. Figure 9B shows the distribution of the residual mass of
solid waste in the tank with dual inlets and a jetting angle of 60°
to 80°. It is found that this configuration has low performance in
solid waste removal.

Compared with other working conditions, the tank with a
single inlet and a d/a of 1/8 has a relatively low solid waste removal
time regardless of the jetting angle. When d/a is set to 1/50, not all
of the solid waste is discharged from the tank within 30 minutes,
but the residual mass of solid waste is minimum at d/a=1/4. In this
section, the tank performance with a dual inlet system and four
different jetting angles were analyzed. It was found that the lowest
time of complete solid removal can be achieved for d/a=1/8.
When 0 was increased from 60° to 80°, the solid waste could not
be completely discharged regardless of the jetting position. At a
given flow rate in a single-inlet aquaculture tank, a reasonable
solid waste removal efficiency can be achieved when d/a is set to 1/
8 and the jetting angle 6 increases from 30° to 40°.
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FIGURE 8

The time taken for solid waste removal under different conditions: (A) Single-inlet mode; (B) Dual-inlet mode.
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Residual mass of solid waste/ (g)
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Residual mass of solid waste under different conditions: (A) Single-inlet mode; (B) Dual-inlet mode.

3.2 Influence of the inlet layout on the
hydrodynamic characteristics of the tank

Masalo and Oca (2016) showed that the removal of solid
waste is closely related to the flow field and hydrodynamic
characteristics of the aquaculture tank. In this regard,
parameter DUs, was introduced as a powerful tool to evaluate
different configurations in a RAS tank.

The results of the average velocity and uniformity coefficient
of velocity distribution under different conditions are shown in
Figures 10 and 11, respectively. It is observed that in a single-
inlet tank with a d/a of 1/50, as the jetting angle 6 increases from
10° to 80°, the average velocity v, decreases, thereby decreasing
DUsy, When d/a=1/8, the highest v,,, and DUs, can be obtained
at a jetting angle of 30° and 20°, respectively. When d/a=1/4, the
highest v,yg and DUsq occur at §=20°. Figures 10B and 11B show
that in a dual-inlet tank with a d/a of 1/50, as the jetting angle
increases, v,y decreases continuously, while DUs, decreases first
and then increases. It is found that the maximum and minimum

015 - da=1/50 @ da=18 @ da=1/4

0.12

0.09

Average velocity/ (m - s‘l)

0.00 L L L L L L L L L L
0 10 20 30 40 45 50 60 70 80

Angle/(%)

FIGURE 10

values of DUs, occur at jetting angles of 10° and 80°, respectively.
When d/a=1/8, both v,,, and DUs, decrease with the increase in
the jetting angle, and the maximum values of v, and DUsg
occur at 6=20°. When d/a=1/4, the average velocity vy,
increases first and then decreases with the increase in the
jetting angle, and the maximum value occurs at 6=40°.

3.3 Influence of the inlet layout on the
flow field pattern

In a RAS tank, an effective solid waste collection strategy
ensures clean and stable water quality. Meanwhile, the
distribution of the flow velocity highly depends on solid waste
removal efficiency. In this regard, the PIV technique was used
and image processing was carried out on the MATLAB platform
to visualize the measurements.

In the present study, sixty tests were carried out to analyze the
flow field. Effects of the inlet layout in terms of the flow field on the

010 - da=1/50 @ da=18 e dia=1/A

0.08 -

0.06 |

Average velocity/ (m - s“)

0.00 L L L L L L L s L L
0 10 20 30 40 45 S0 60 70 80

Angle/(°)

Distribution of the average velocity under different conditions: (A) Single-inlet mode; (B) Dual-inlet mode
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FIGURE 11
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Figures 12A, B show that a single-inlet tank with a d/a of 1/8
and a jetting angle of 30°-40° has a reasonable performance in
removing solid wastes. It is observed that the solid waste removal
efficiency with d/a=1/8 is higher than those with d/a=1/4 or 0.
Accordingly, it is concluded that there is a high-intensity
circulation near the outlet and only in a small zone of the low-
velocity zone, which forms near the tank wall. Since high
velocities in the central zone promote solid waste settling, this
phenomenon has consequences on the self-cleaning features of
the tank. When d/a =1/4, the solid waste removal efficiency is
low for 6=70° and 80°. Figures 12C, D show that the jetting
position and the center of the tank could be regarded as the
radius of circular motion and there is a high-velocity region near
the jetting where the water flow is driven by the vortex in the
tank center. It is worth noting that the jetting position is a major
contributor to the motion of the solid waste in the tank. The
water flow makes a circular motion around the tank and the flow
velocity gradually decreases from the tank center to the tank
periphery. There is no circulation without a high-velocity zone
around the tank.

Figures 13A, B show that in the dual-inlet tank with d/a=1/8,
the highest solid waste removal efficiency, highest overall flow
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velocity, and good hydrodynamic characteristics can be achieved
with jetting angles 6 of 10° and 20°. The water flow rapidly
contacts the tangent angle of the tank and brings sufficient
orientation function, thereby forming a vortex in the center of
the tank. Consequently, the energy loss caused by refraction and
reflection reduces significantly. Obviously, the inlet angle is close
to the center of the tank, and only a small circulation zone forms
in the center of the tank, while Figures 13C, D reveal that there is
a large zone of low-velocity flow around the tank wall at the
jetting angle of 80°.

4 Discussion

Reaching a uniform flow distribution is a great challenge in
the design and operation of culture tanks to improve feed
efficiency, achieve good mixing, and improve water quality
(Gorle et al., 2018a). The average velocity of the flow is
proportional to the uniformity coefficient of the velocity
distribution in experiments caused by the circulation vortex.
The performed analyses demonstrate that when the flow velocity
reaches a certain value, a vortex would appear. The variation of
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vortex velocity is that the velocity diffuses and attenuates
outward from the center, and the attenuation process is
gradual, thus the evolution of the velocity in the tank is
reflected in gradient descent. On the contrary, there is often
no vortex and the kinetic energy tank is completely driven by the
jetting port. Therefore, the energy attenuation is easier to occur
and the velocity difference is more obvious. What’s more, rapid
removal of residual uneaten feed and fish feces in tanks is
necessary for adequate fish welfare and performance. Xue et al.
(2022) used the CFD-assisted design to investigate the
hydrodynamics and self-cleaning property. The results showed
that hydrodynamics is the direct-acting factor in the self-
cleaning property of the aquaculture tank system and the
existing culture tank could be improved by adjusting the inlet
pipe layout position appropriately.

The configuration of experimental setups was consistent
with those reported in (Oca and Masalo, 2007; Oca and
Masalo, 2013), in which the effect of the straight cut angle on
the inlet flow rate was studied in the rectangular aquaculture
tank with a length/width (L/W) ratio of 0.95. When d/a=1/50,
the straight cut angle brings the diversion effect sufficiently.
Moreover, the energy loss greatly increases by the friction
between the water flow and the tank wall. In this case, the
solid waste around the tank hardly approaches the center. When
d/a=1/8, a closed triangular zone does not form anymore so
there is no backflip around the hypotenuse wall. These results
are consistent with those reported by Wu and Gao (2005) . Xue
et al. (2020) showed that small-scale turbulence forms between
the inlet port and the tank wall, and the inlet structure promotes
the creation of local jets and vortices behind them, which will
adversely affect the solid waste removal efficiency. When d/a=1/
4, more low-velocity zones appear at jetting angles of 70° and
80°, and the solid waste removal efficiency is lower than that of
other cases (Gorle et al., 2020).

With a constant flow supplied in a confined domain, the
velocity gradient mainly appears near the tank center, where the
flow velocity is much higher than that of experiments with a
dual-inlet tank. These results are consistent with those reported
by Labatut et al. (2007). In a single-inlet tank, Zhang et al. (2022)
showed that there is an optimal solid waste removal efficiency in
a tank with a jetting angle of 15°. Compared with experimental
results, the calculated results have small deviations, which may
be attributed to the difference in hydraulic retention times. Gorle
etal. (2019) revealed that radial orientation of lower inlet nozzles
in a dual-inlet tank improves the overall hydrodynamic
performance of the tank. However, these investigations were
mainly focused on the effect of single factors on the tank
performance and did not consider the possible effect of
turbulence generated by the interaction between the jetting
position and the jetting angle. Significantly, Zhao et al. (2022)
pointed out that flow velocity in culture tanks can be adjusted to
provide much higher swimming speeds and thus effectively
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exercise fish. Therefore, the design of the velocity must meet
the self-cleaning ability and speed requirements of the fish
growth jointly in actual aquaculture engineering.

5 Conclusion

In the present study, the effect of the inlet layout on the solid
waste removal efficiency of the octagonal RAS tank is analyzed.
To this end, the flow pattern in an octagonal RAS tank was
investigated using the PIV technique. It was found that the inlet
layout has a considerable impact on the solid waste removal
efficiency of the aquaculture tank. The main conclusions can be
summarized as follows:

1. A single-inlet tank with a d/a ratio of 1/8 has higher solid
waste removal efficiency than a similar tank with a d/a ratio of 1/
4 or 1/50. When the jetting angle 6 varies in the range of 10 ~
40°, the tank has reasonable self-cleaning features, and optimal
solid waste removal efficiency can be achieved with d/a=1/8 and
6 =30°.

2. A dual-inlet tank with a d/a ratio of 1/8 has higher solid
waste removal efficiency than a similar tank with a d/a ratio of 1/
4 or 1/50. When d/a=1/8, the optimal solid waste removal
efficiency can be achieved for 6=10° or 20°.

3. For a given flow rate and a large jetting angle, the water
flow in a dual-inlet tank is easily affected by resistance, and the
energy consumption increases, which is not conducive to the
removal of solid waste. Accordingly, the single-inlet tank
outperforms the dual-inlet tank from the aspect of
velocity performance.
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