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Constant and proper mixing of water in fish farms is essential for creating
maximum uniformity, minimizing stagnant areas, properly distributing
oxygen, and removing solid waste from the bottom of the ponds. The effect
of the inflow installation mode and inflow momentum force in octagonal
ponds was examined on the hydrodynamic flow mixing by laboratory
modeling. For this purpose, the inflow was analyzed in three modes with
angles of 90, 60, and 30° and the inflowing force at four levels with values
0f 0.004, 0.009, 0.013, and 0.018 N by the residence time distribution curve
and hydraulic efficiency of octagonal ponds. The laboratory modeling
results revealed that the inflow at the 90° mode for all four-momentum
forces does not form an eddy current and short circuit in the pond's flow, as
the result of which the hydraulic efficiency of the pond falls in the weak
range. To improve the hydraulic efficiency of the pond, the inflow was
installed at 60 and 30° modes; the results demonstrated 2.68 and 3.26 times
higher efficiency than the 90° mode. Moreover, for all three inflow
installation modes, the hydraulic efficiency had an inverse relationship with
the inflow momentum force.
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EXTENDED ABSTRACT

Introduction

Various methods are used for breeding aquatic
animals, and recirculating aquaculture systems
(RAS) are expanding since they reduce the need
for healthy water resources. Usually, circular and
octagonal fish breeding ponds are used in these
systems due to suitable hydrodynamic mixing.
Researchers have stated that the flow
hydrodynamic behavior in octagonal and circular
ponds depends on the geometric and hydraulic
design of the pond, which includes the inlet and
outlet systems. Hydraulic efficiency is an
indicator used for evaluating the geometric
design and hydraulic performance of the ponds.
The residence time distribution (RTD) category
was used to calculate hydraulic efficiency. The
RTD curve expresses the flow hydrodynamic and
indicates the formation or non-formation of the
stagnant regions in the pond. Considering that
each plug of the flow injected into the breeding
pond has its own hydraulic retention time, which
depends on the momentum of the inlet and outlet
flow and the internal design of the pond
(including the installation location and design of
inlet and outlet systems), the combined effect of
the direct inlet installation mode with the inlet
flow momentum force in the octagonal fish
breeding pond was investigated in the present
study. The findings of this research are presented
in the form of hydraulic efficiency, curve RTD,
and the percentage of stagnant regions.

Material and Methods

The present research was based on a Froude
number similarity model from an octagonal fish
breeding pond with a 1:10 scale. The built model
has dimensions of 100x100x50 cm and is filled
with water to a depth of 20 cm. In addition, the
changing time of the pond water volume was
taken into account on an hourly basis. Therefore,
the flow discharge of the inlet to the pond was
adjusted to 3.4 /min. This research examines two
important inlet flow characteristics: the flow inlet
installation mode and the inlet flow momentum
force. For this purpose, the inlet flow installation
mode and the inlet flow momentum force are
tested by changing the inlet flow angle in the
direction of the z-axis at three levels as 90°, 60°,
and 30°, and the inlet flow velocity at four levels
as 0.004 N, 0.009 N, 0.013 N, and 0.018 N,
respectively. The design of the present study’s
experiments is shown in Table 1.
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Table 1 Laboratory settings

Installation Inlet flow The velocity
angle of momentum of the inlet Test
flow inlet forces (Fn) flow (cm/s)
(o) (N)
0.004 10 Tal
0.009 20 Ta2
90°
0.013 30 Ta3
0.018 40 Tad
0.004 10 Tbhl
0.009 20 Th2
60°
0.013 30 Th3
0.018 40 Tba
0.004 10 Tcl
0.009 20 Tc2
30°
0.013 30 Tc3
0.018 40 Tca

Moreover, tracer sodium chloride is used for the
RTD curve and the hydraulic efficiency related to
each test. The tracer contains 3 L of sodium
chloride solution with a concentration of 50 g/l.
To make the inlet flow and flow movement
visible, 5 g of potassium permanganate is added
to the tracer solution. After setting the inlet flow
installation angle, the inlet flow momentum force
for each test, and the flow discharge stability of
the inlet flow, the tracer solution is injected into
the inlet flow with a sudden pulse test and the
test begins. The tracer concentration in the outlet
flow is measured every 60 s for 60 min using the
TDS meter device.

Results

The TDS-time diagram shows the combined
examination of the inlet current installation mode
and the inlet flow momentum force (Fig. 1).
According to laboratory observations and RTD
curves in the TDS-time diagram, installing the
flow inlet in 90° leads to the non-formation of
the eddy current and creates a short circuit
between the inlet and outlet flows. The
occurrence of short-circuiting in ponds causes
the formation of stagnant regions. If there is a
partial flow between the stagnant regions and the
main flow, the tracer trapped in the stagnant
regions will cause a tail on the right arm of the
RTD curve (Fig. 1a). In the 60° and 30° degrees
of inlet flow installation, the RTD curve peak
shifts to the right side of the graph, indicating an
increase in the average hydraulic retention time.
In these cases, the inlet flow follows a circular
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path in the pond, moving from all parts of the
pond volume.

Changes in hydraulic efficiency as a result of
modifying the studied parameters are presented
in Fig. 2. Installing the flow inlet in 90° mode for
every Fn results in weak hydraulic efficiency.
Thus, changing the inlet flow installation mode
from 90° to 60° and 30° increases hydraulic
efficiency by 2.68 and 3.26 times, respectively.
The hydraulic efficiency in mode 30° and all four
inlet flow momentum forces is in the high range,
and the pond exhibits desirable hydrodynamic
behavior. In addition, the inlet flow in mode 60°
for Fn; and Fn, shows a hydraulic efficiency of
less than 75%. Only by reducing the momentum
force to the same level as 0.013 N and 0.018 N
and in the same operating conditions, the
hydraulic efficiency becomes more than 75%.
Therefore, under the same operating conditions
and inlet flow discharge, the hydraulic efficiency
of the pond increases only by reducing the
momentum force.
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Fig. 1 The TDS-time diagram is the result of the
combined investigation of the inlet flow mode
and the momentum force of the inlet flow at
different angels: a) 90, b) 60, and ¢) 30°
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Fig. 2 Changes in the hydraulic efficiency due to
modifying the inlet flow mode and the momentum

force of the inlet flow

Conclusions

This study investigated the influence of the
parameters of the flow inlet installation angle in
three modes and the inlet flow force at four
levels on the hydrodynamic behavior of a RAS
octagonal pond. The most important results of
this laboratory study are summarized below:

1. Setting the inlet flow angle to 90° at the lowest
momentum force of the inlet flow results in more
than 75% stagnant regions, with an increase in
the inlet flow momentum force causing an
increase in the stagnant regions.

2. Reducing the inlet flow momentum force
improves the hydrodynamic performance of the
pond for all three inlet flow installation angles.

3. Installing the inlet flow in the 90° mode for all
four inlet flow momentum forces causes a short
circuit flow in the pond.

Data Availability

The data collected during the research
experiments are presented in the form of a TDS-
time graph. The data can be sent via email by the
corresponding author upon request.
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Fig. 4 The TDS-time diagram is the result of the combined investigation of the inlet flow mode and the
momentum force of the inlet flow at different angels: a) 90, b) 60, and ¢) 30°

Environment and Water Engineering

Ol o 5 S jlanms

Vol. 10, No. 1, 2024

»

EWE

VF.¥ )LQ)‘ A O)Lou:) AR O)js)


SAMSUNG
Typewritten text
145


iz

VFF e g (Lo

ol Gl g 00,0 @2 Gle S 3529 D90 )3 035
S oo 0l pmie Cely Cons (593L o i SO

9 70 sleagly b (639)5 cual ljl 4 RTD smie
5 09 oo Jite TDS-Time jloges ol Caous 45 Y+
Sbe gloy ol Seo3 Nk @ F) 5 () sl
sloosslie Gk wdbioe Gilre Wl Gloy 4 (Bl
(m0) 3 (WHD) Gl JSo o sas @) el
09N (5399 Ol a3 A% Ll 3 (6895 cead P
P9 NS (o0 S8 (s b 4 andes 0 S
sbwl ociia amss> o JbS b YOO Cl
lacuend plod I (oh2 )2 Ojpods (5999 Ol 5dise
S G35 0 szl Calis 0 5 05 o0 jgee amdg>
Jlail azmos> 5o Gl Gz boolen 050 00 alss
gyl saslie JJs a5 ab oaslie cdge slaolisS
5 (1) Gla o o a5 05800 RTD pmie )5 (550

A esls slis (z-F)

Lnides s

e milloey w

The ronpe alFected
Try ol

oo 7ol e oo oumliv (WHF) JSi jo a5 jshilas
pese S3ye g ez e gl 447 < RTD
oals adly TDS-TIime ,loges oz Caoms )0 00l gy p
&8l wbe le 5 g5lme wile Loy oly B Sk a5
oads &l aliole;l slasanlicn Gubo .l SJg,0un b
pas cge 107 Cll )0 (6395 el ((Al-0) S o
5 83959 Ol Ol obsS Jlail 5 (25 ol eSS
s Timmons et al. (1998) alie jsbas ol &, >9,5
3 Glopls slbaxsg> o Oca and Masalo (2013)
el a5 was oo ) obsS Jlasl (3B (63959 rad &j50
5 Papacek et al. (2020) .55 0 00,0 bl LSis
eSS, a595 pae Diken and Koknaroglu (2022)
) asle Glalsd podids azde w2 59 Joloeo (eS|
Ohon Sleazde> ;0 035 bl JSis glassly
ey ool plo 4 Obs, uizen oS le ool

{aklF}

N )J‘)J W}o LSS]“' 9 Q’O 4.’5‘) B uLl):> &°9,9 oJ> M—;ﬂ.” G’.Lam WP B IR ‘_;a].a ;.ané) oole ;,S)D- -0 J&u
A ANl otiese 5oy 9 Y00 augly 50 bz 599y5 Ll eai —o g - VA
Fig. 5 Visible tracer material movement in the octagonal pond: a) Installation of inlet flow mode at 90°
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Table 3 The laboratory modeling results regarding the estimation of the hydraulic efficiency of octagonal ponds

in recirculating aquaculture systems under the influence of the inlet flow system and the momentum force of the
inlet flow

Hydraulic residence time
Test

Hydraulic efficiency (%) Stagnant region

(tm) (min) (dimensionless)
Tal 7 12 0.88
Ta2 10 17 0.83
Ta3 13 22 0.78
Tad 15 25 0.75
Thl 36 60 0.40
Th2 41 68 0.32
Tb3 45 75 0.25
Th4 46 77 0.23
Tcl 46 77 0.23
Tc2 47 78 0.22
Tc3 50 83 0.17
Tca 52 86 0.13
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