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A B S T R A C T   

Dissolved oxygen is an important indicator of the water quality and important for fish survival in aquaculture. 
The distribution of the dissolved oxygen is highly dependent on the flow motions, the pressure and the tem
perature of the water. With the development of computational fluid dynamics, the spatial and temporal distri
bution of dissolved oxygen in water can be predicted to evaluate and maintain the water quality. In the present 
study, a three-dimensional numerical model for predicting the dissolved oxygen and the water flow motions is 
developed. Oxygen transport in land-based aquaculture tanks is investigated by solving the Unsteady Reynolds- 
Averaged Navier–Stokes (URANS) equations combined with an additional species transport equation of the 
dissolved oxygen concentration. The volume of fluid (VOF) method is used to simulate the evolution of two- 
phase immiscible flows of the water and the air with an interface. The predicted dissolved oxygen concentra
tions (DOC) are in agreement with the experimental measurement which validate the present numerical model. 
The evolution of the DOC in the water and the water velocities are discussed based on the numerical simulations.   

1. Introduction 

Land-based fish farming are becoming a worldwide attractive 
method for aquaculture engineering within these years. According to 
Böttger et al. (2006), compared with the traditional fish farming in open 
water, land-based fish farming may cause less environmental impact to 
coastal areas and reduce the cost of transportation. By using various 
operations installed with the land-based aquaculture tanks, it is also 
easier to control diseases and parasites, and monitor the water quality 
based on the dissolved oxygen concentration, temperature, nutrient and 
suspended solids content. For example, the water can be cleaned and 
saturated with oxygen before being pumped into the tanks to provide a 
healthy living environment for fish. Compared with the open-water fish 
farming, by using the land-based aquaculture tanks, pollutions can be 
reduced, and quick adjustments can be also made to achieve optimal 
living conditions. 

In aquaculture engineering, the dissolved oxygen concentration 
(DOC) can be used as a critical indicator of the water quality to maintain 
the survival of fish. It is of great significance to measure and control the 
oxygen concentration in the water to keep a healthy ecological system 
and achieve a good living condition for fish. Water, air and oxygen 
mixture flow is commonly seen in aquaculture tanks. As water and ox
ygen mixture continue happening through the water inlets, the dissolved 

oxygen concentration (DOC) changes with the water velocity and 
pressure in the whole aquaculture tank. In experiments, oxygen sensors 
are commonly placed in the water and used to monitor DOC in the 
aquaculture tanks. However, DOC data at only a few detection points in 
the aquaculture tanks can be detected by using measurement in
struments. It is difficult to predict the three-dimensional spatial and 
temporal DOC distribution, the dissolved oxygen diffusion rate in the 
water and water flow velocities in the whole flow field. Analytical so
lutions or experiments for these hydrodynamic problems are not 
feasible. 

Nowadays, with the rapid development of computational fluid dy
namics (CFD), numerical simulations are becoming an attractive alter
nation to experiments for engineering design for aquaculture tanks. 
There are extensively studies on DOC transport in water by using nu
merical simulations. Kim et al. (2015) used CFD based on Reynolds 
Averaged Navier-Stokes equations (RANS) to investigate the flow be
haviors and the distributions of DOC within a co-culture cage system. An 
experimentally validated numerical simulation model were developed 
by Fayolle et al. (2007) to predict flow and oxygen transfer character
istics in aeration tanks equipped with fine bubble diffusers and axial 
slow speed mixers. Dissolved oxygen (DO) transport model is developed 
coupled with the air-water two-phase mixture flow model and used to 
simulate the physical processes and predict the supersaturated DOC in 
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Fig. 1. A sketch of intersection between free surface of water taken from Liu et al. (2017).  

Fig. 2. (a) Geometry of the circular aquaculture tank with zoom-in views of the inlet and the top views.; (b) Locations of these 24 detection points at one 2D 
XY plane. 
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the water-body downstream of a spillway by Cheng et al. (2009). An 
environmental CFD code was developed and used by Xia et al. (2011) to 
investigate the distribution of the DO as well as salinity, temperature 
and nutrients in open water environment such as Perdido Bay and 
adjacent Gulf of Mexico. A DO convection and diffusion model was 
established to simulate the DOC in a circular pipe, Stokes waves and 
horizontal venturi flow with two holes by Yin et al. (2011, 2012 and 
2018). The flow velocity and DO concentration in the outer channel of 
an orbal oxidation ditch system in a wastewater treatment plant were 
simulated and monitored under actual operation conditions by Guo et al. 
(2013). Matko et al. (2020) used numerical simulations to predict the 
gas-liquid flow pattern and dissolved oxygen distribution in a waste
water treatment oxidation ditch with various aerators. The effects of the 
biochemical oxygen demand distribution and the bubble size distribu
tion on the distribution of the dissolved oxygen were discussed. 

In the present study, three-dimensional (3D) numerical simulations 

are conducted to study the multiphase flow in an aquaculture tank based 
on OpenFOAM, an open source computational fluid dynamics (CFD) 
code. The air-water interface is tracked by the volume of fluid (VOF) 
method. An additional convection-diffusion equation for the oxygen is 
solved to obtain the oxygen distribution in the whole aquaculture tank. 
The organization of this study is as follows: Section 2 introduce the 
mathematical model for the simulations. Section 3 presents the results 
and discussion of the numerical simulations and Section 4 gives the 
conclusion. 

2. Mathematical model 

2.1. Flow model 

In the framework of CFD by using OpenFOAM, the finite volume 
method is used to solve the governing equations of the flow and the 

Fig. 3. The time histories of DOC at the measurement points of (a) Point 1; (b) Point 2; (c) Point 3; (d) Point 4; (e) Point 5; (f) Point 6 using different grid numbers.  
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transport equation of oxygen in the water. The computational domain is 
divided into a finite number of discrete regions, which is called control 
volumes or cells. The equations are solved on each cell and the velocity 
of the flow and DOC in the center of the cell are obtained. The volume of 
fluid (VOF) method developed by Hirt and Nichols (1981) is used to 
carry out the multiphase flow simulation and capture the interface be
tween the air and the water. This method relies on the definition of an 
indicator function, which indicates whether the cell is occupied by one 
fluid or another, or a mix of both. 

The incompressible viscous flows of two immiscible fluids, i.e. air 
and water, are governed by Navier-Stokes equations. Since Reynolds 
number (defined as Re = Ud/ν based on the inlet velocity U ¼ 2.12m/s 
and the inlet diameter of the aquaculture tanks d = 0.05m. The kine
matic viscosity of the water (ν = 1 × 10− 6m2/s) of the present study is 
high (Re = 106000), turbulence effects are considered in the present 
study. VOF method is applied to capture the free surface. The governing 
equations of the fluids for the mass conservation and momentum con
servation are given as 

∇∙u = 0 (1)  

∂ρu
∂t

+∇∙
(
ρuuT) = ∇∙

[
(μ+ μT)

(
∇u+∇uT) ] − ∇prgh − (g∙x)∇ρ (2)  

where u is the mean velocity vector and ‘T’ denotes the transpose of the 
velocity vector. u1,u2 (also denoted as ux and uy) are the two horizontal 
velocities and u3 (also denoted as uz) is the vertical velocity. ρ is the fluid 
density with ρair = 1.0kg/m3 and ρwater = 1000kg/m3; μ is the dynamic 
molecular viscosity with μair = 1.83 × 10− 5Ns/m2 and μwater = 1.0 ×
10− 3Ns/m2; μT is the eddy viscosity which accounts for the turbulence 
effects and is obtained based on the k − ω turbulence model. prgh is the 
pressure in excess of the static pressure defined as prgh = p − ρg ∙∙ x; g is 
the gravitational acceleration; x = (x1,x2,x3) are the Cartesian co
ordinates. x1 and x2 are in the horizontal direction (also denoted as x, y) 
and x3 is in the vertical direction (denoted as z). 

In order to capture the interphase between the two fluids, an addi
tional equation has to be solved 

Fig. 4. The DOC values at Points 1– 12 at the steady state at t = 2000s at (a), (b) z = 0.01m close to the bottom; (c), (d) z = 0.2m and (e), (f) z = 0.39m close to the 
water surface. 
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∂α
∂t

+∇∙(uα) = 0 (3) 

In this equation, α is the volume fraction of water and the volume 
fraction of air is 1 − α. The surface tension effects are negligible. The 
fluid properties such as velocity, density and dynamic viscosity are 
calculated based on the volume fraction of each fluids as 

χ = αχwater +(1 − α)χair (4)  

where χ is a fluid property. An example of a cell in the water-air interface 
are shown in Fig. 1. 

2.2. Oxygen transport 

For the DOC in the water, an additional species transport equation 
for the DOC value cO2 (Marschall et al., 2012) is implemented and solved 
together with the governing equations Eqs. (1)–(3) of the fluid flow. One 
of the main challenges in resolving the species transport in two-phase 
flows is caused by the discontinuity of the diffusion coefficient of the 
oxygen created by the phase interface. Haroun et al. (2010) overcomes 
this challenge by introducing an additional discontinuity term in a single 
species transport equation which is given as 

∂cO2

∂t
+∇∙(ucO2 ) = ∇(DcO2 )+∇∙

(

D
(

(He − 1)cO2

αHe + (1 − α)

)

∇α
)

(5) 

In the equation, the final term in the right hand is the discontinuity 

term. According to Teuber et al. (2019), the DOC value cO2 is calculated 
based on its value in the water and in the air as 

cO2 = αcO2 ,water +(1 − α)cO2 ,air (6) 

The diffusive coefficient is calculated by D = Dphys + Dturb. In this 
formula, the turbulent diffusivity Dturb is calculated by Dturb = μT/(ρSc) 
with the turbulent Schmidt number Sc = 0.7 as used in Yin et al. (2018). 
The physical diffusivity Dphys is obtained using a harmonic average value 
of Dl and Dg which are the diffusion coefficients of the oxygen in the 
water and the air, respectively as 

Dphys =
DlDg

αDl + (1 − α)Dg
(7) 

He is the nondimensional Henry constant defined as the ratio be
tween the concentration in the water and in the air. Based on Sander 
(2015), this value is temperature dependent and can be calculated using 
van’t Hoff equation given as 

Hecp(T) = Hecp(Tϕ)exp
(

C
(

1
T
−

1
Tϕ

))

(8)  

combine with the relationship between the nondimensional He and the 
dimensional Hecp 

He = Hecp(T)RT (9) 

In these two equations, C is a temperature coefficient and takes the 
value of 1700 K according to Sander (2015) and is the standard 

Fig. 5. An example of the meshes (a) full views of the meshes; (b) a zoom-in view around the lateral side wall; (c) a zoom-in view around the water surface and the 
bottom; (d) a zoom-in view around the inlet. 
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Fig. 6. (a) The actual circular aquaculture tank; (b) The location of the sensor; (c) YSI Professional Plus Multi-parameter Instrument.  

Fig. 7. The DOC values at the detection points obtained by the present numerical simulations at the final steady stage and the experimental measurement and 
different water levels of (a) z = 0.01m close to the bottom; (b) z = 0.2m and (c) z = 0.39m close to the water surface. 
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Fig. 8. The profiles of velocity magnitudes on 2D XY planes along the bottom-normal direction at different time instants of t = 10s, 50s, 100s, 500s, 1000s, 1500s, 
1900s and 2300s at different detection points on (a) Circle 1; (b) Circle 2; (c) Circle 3. 
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Fig. 9. The profiles of vertical velocities on 2D XY planes along the bottom-normal direction at different time instants of t = 10s, 50s, 100s, 500s, 1000s, 1500s, 
1900s and 2300s at different detection points on (a) Circle 1; (b) Circle 2; (c) Circle 3. 
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temperature 298.15 K corresponding to 25◦C and R is the universal gas 
constant. For the diffusive coefficients Dl and Dg, according to Schmitz 
et al. (2013), the values Dl = 1.9 × 10− 9m2/s and Dg = 1.98 × 10− 5m2/s 
are used in the present study. 

2.3. Computational domains and boundary conditions 

In the present study, flows in one land-based aquaculture tank are 
considered. The flow conditions are set according to the experimental 
measurement which is stated below. The shape of the land-based 
aquaculture tank as shown in Fig. 2. (a) is circular with a diameter of 
D = 5m and a height of H = 1.0m. The outlet is a circular cylinder with a 
height of h = 0.4m, which is located in the center of the fish tank to keep 
a fixed water level of 0.4m at the final steady state. The diameter of the 
outlet is d = 0.2m. A sensor is placed with a distance of h = 0.01m to the 
bottom wall and is close to the side wall of the aquaculture tank. The 
purpose of placing the sensor in the numerical simulations is merely to 
simulate the experimental set up and the sensor only acts as a cylindrical 
obstacle in the computational domain. According to the experimental set 
up, the diameter of the sensor is 0.1 m, which is small compared with the 
computational domain size. Therefore, the influence of the sensor shape 

on the DOC distribution in the computational domain can be neglected. 
One inlet is placed with a distance of h = 0.4m to the bottom wall at the 
side wall. In the experimental set up, an inlet pipe is placed extremely 
close to the side wall and the direction of the inlet flow is in the 
azimuthal direction. To simulate the experimental set up in a simplified 
manner, a rib is placed on the side wall and an inlet with the same area 
as the inlet face is placed at the lateral side of the rib in the numerical 
simulations. An inlet flow velocity in the azimuthal direction can be 
implemented. Since the size the inlet face is small compared with the 
whole computational domain, the influence of the rib and the inlet face 
shapes can be neglected. The 3D and 2D views of the aquaculture tank 
are shown in Fig. 2 (a). In the experimental measurement, pointwise 
data of DOC value are detected. These detection points are located on 
three 2D XY planes at three heights (the bottom at z = 0.01m, the middle 
at z = 0.2m and the water surface at z = 0.39m) within the water. The 
locations of these 24 points at one 2D XY plane are on three circles 
(denoted as Circles 1, 2 and 3) with three different radiuses (R, 2R and 
3R with R = 0.83m) shown in Fig. 2 (b). Two arrows in Fig. 2 (b) are used 
to indicate the locations of the inlet and outlet. 

At the inlet, a uniform flow with a fixed flow rate is prescribed. An 
inlet flow mass of Q = 15t/h and flow velocities of (u ∙∙ n) ¼ 2.12m/s are 

Fig. 10. The radial velocity ur (m/s) contours at z = 0.01m near the bottom at (a) t = 50s; (b) t = 100s; (c) t = 500s; (d) t = 1000s; (e) t = 1500s; (f) t = 2300s.  
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used (n is the normal unit vector of the inlet face). The pressure is 
prescribed as zero gradient at the inlet. A fixed DOC value of cO2 =

0.00826kg/m3 is set at the inlet. At the outlet, the flow velocities are set 
as zero normal gradient and the pressure is set to be 0. Zero normal 
gradient is used for the DOC value. On the surface of the horizontal walls 
of the fish tanks, no-slip boundary condition for the flow velocities is 
used, i.e. u ¼ 0. The pressure and the DOC value are set as zero normal 
gradient. 

2.4. Convergence studies and validation studies 

In the present study, structural meshes are used and the meshes are 
refined near the inlet face, the bottom and lateral side wall. It also worth 
mentioning that, due to the small size of the inlet and outlet compared 
with the size of the aquaculture tank, in the preprocess of the simula
tions, the inlet and outlet faces are created by removing prescribed faces 

of some computational grids using utilities of topoSet and createPatch 
implemented in OpenFOAM. Grid and time-step convergence studies are 
performed. First, the values of the DOC obtained by using different grid 
numbers of Mesh 1 (679,296 cells), Mesh 2 (940,531 cells) and Mesh 3 
(1,458,955 cells) with a fixed time-step of ∆t = 0.001s are used to 
evaluate the grid resolutions. For the three heights, the time histories of 
the DOC at the measurement Points 1–6 of different grid numbers are 
shown in Fig. 3. It can be seen that when increasing the grid numbers 
from 679,296 to 1,458,955, the time histories are getting closer to each 
other. The DOC values at different detection points become steady at t >
1500s. The DOC values at Points 1–12 at t = 2000s of the steady state 
using Meshes 1–3 are shown in Fig. 4. It is shown that at the bottom and 
the middle height of z = 0.2m, the differences of the DOC value for the 
three meshes are small while at the water surface, the differences be
tween Mesh 1 and Mesh 2 are large. However, for Meshes 2 and 3, the 
differences are becoming smaller. Therefore, it can be concluded that 

Fig. 11. The radial velocity ur (m/s) contours at z = 0.2m at (a) t = 50s; (b) t = 100s; (c) t = 500s; (d) t = 1000s; (e) t = 1500s; (f) t = 2300s.  
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the grid resolution of Mesh 2 can be regarded as sufficient to provide 
convergent results based on the predicted DOC value. An overview of the 
grid of Mesh 2 and the regions of refinement are shown in Fig. 5. 
Furthermore, the time-step resolution study is carried out by decreasing 
the time-step to ∆t = 0.0005s using Mesh 2 and the differences of the 
DOC value from those using ∆t = 0.001s are within 5%. As a result, the 
time-step ∆t = 0.001s is sufficient to provide convergent prediction of 
the DOC value. 

Comparisons of the DOC values at these points between the present 
numerical simulations and the experimental measurement are shown in 
Fig. 7. The experimental measurement was conducted by Jeju Ocean and 
Fisheries Research Institute of Korea. The actual circular aquaculture 
tank is shown in Figs. 6 (a) and (b). The locations of the inlet, outlet and 
the sensor are indicated in the figures. All the measurement data was 
obtained at the steady state when the water level in the aquaculture tank 
is kept at z = 0.4m. A YSI Professional Plus Multi-parameter Instrument 
shown in Fig. 6 (c) was used to carry out pointwise measurement of the 
DOC. It can be seen that at the bottom and the middle part z = 0.2m of 
the circular tank, the numerical predicted DOC values are close to the 
experimental data while around the water surface of z = 0.4m, due to 
the sensitivity in capturing interface between the two phases, there are 

differences between the numerical simulation results and the experi
mental measurement and the maximum relative differences is less than 
10%. In general, the present numerical model can provide trustful pre
diction of DOC values within the water. 

3. Results and discussion 

Results are presented in terms of the flow velocity and the DOC in the 
water. All the discussion is based on the results obtained by using Mesh 2 
with a simulation time-step of ∆t = 0.001s. 

3.1. Velocity distributions 

The profiles of velocity magnitudes on 2D XY planes calculated by 
u =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
ux2 + uy2

√
along the bottom-normal direction at different time 

instants in the range of t = 10s~2300s are shown in Fig. 8. At the late 
time instants of t ≥ 1500s when the overall water flow tends to be 
steady, the velocity magnitudes at each detection point along the three 
circles in the aquaculture tank tend to be similar for different points and 
also uniform along the bottom-normal direction up to the water surface. 
The velocity magnitudes along the detection circles from Circle 1 to 

Fig. 12. The radial velocity ur (m/s) contours at z = 0.39m close to the water surface (a) t = 50s; (b) t = 100s; (c) t = 500s; (d) t = 1000s; (e) t = 1500s; (f) t = 2300s.  
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Fig. 13. The azimuthal velocity uθ (m/s) contours at z = 0.01m near the bottom at (a) t = 50s; (b) t = 100s; (c) t = 500s; (d) t = 1000s; (e) t = 1500s; (f) t = 2300s.  
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Circle 3 are 0.3–0.4 m/s, 0.2–0.25 m/s and 0.1–0.15 m/s, respectively. 
In additions, it should be noted that the velocity is a phase averaged 
value between the air and the water as obtained by using Eq. (4). 
Therefore, at early time instants of t = 10s, 50s when the water level has 
not reached to the outlet, the velocity of the air is larger than 0, and at all 
detection points, the velocity magnitudes are large as the water flows 
past these points. Because the inlet is placed close to the side wall of the 
aquaculture tank and the inlet flow velocity is along the azimuthal di
rection, the velocity magnitudes at the detection points on Circle 1 near 
the side wall are large at the early time instants of t ≤ 50s. The velocity 
magnitudes at these detection points are gradually reduced with the 
increasing water level due to the water flowing into the center part of the 
aquaculture tank. At the detection points on Circle 3 close to the center 
of the aquaculture tank, the velocity magnitudes increase with the 
increasing water level at t ≥ 100s due to the continuous water flowing 
from the outer part of the aquaculture tank through Circle 3. 

The vertical velocities along the bottom-normal direction at different 
time instants in the range of t = 10s~2300s are shown in Fig. 9. At the 
early time instants of t = 10s, the downwards flow of the water causes 

large negative vertical velocities close to the water surface and reach to 
0 down to the tank bottom. At the final steady state and at all the 
detection points, the vertical velocities tend to the 0 along the bottom- 
normal direction, which indicates weak flow in the vertical direction. 

The contours of the flow velocities on the 2D XY plane at three 
heights of z = 0.01m, 0.2m and 0.39m are shown in Figs. 10-15. For the 
radial velocity ur (obtained by ur = − (ux cos θ + uy sin θ) where cosθ =

y/
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
x2 + y2

√
and the positive ur direction is towards the center of the 

tank), it can be seen that at the early time instants of t = 50s and 100s 
when the water level is low, the radial velocity is large close to the inlet 
on the 2D XY plane at z = 0.01m near the tank bottom, indicating strong 
water flow both towards and outwards the center of the tank. The water 
flow at these time step seems to be chaotic. At the late time instants of t 
≥ 1000s, the water flow tends to be steady, and at the outer part of the 
tank, the radial velocity is generally positive indicating there is still 
strong water flow towards the center of the tank at the steady state. At 
the two higher locations of z = 0.01m and 0.2m, the radial velocity is 
smaller compared with that at z = 0.39m, which means that the flow in 
the radial direction is weak. 

Fig. 14. The azimuthal velocity uθ (m/s) contours at z = 0.2m at (a) t = 50s; (b) t = 100s; (c) t = 500s; (d) t = 1000s; (e) t = 1500s; (f) t = 2300s.  
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For the azimuthal velocity uθ (obtained by uθ = (ux sin θ − uy cos θ) 
with the positive values denoting the clockwise azimuthal direction and 
the negative values denoting the counterclockwise azimuthal direction), 
the value is large indicating that the water flow is mainly in the 
azimuthal direction. The area of the large absolute value of clockwise 
azimuthal velocity is expanded towards the center of the tank. At the 
late time instants of t ≥ 1000s, the values of uθ distribution become 
homogenous along the radial direction. Furthermore, the values of uθ 
tend to be similar at the three heights. 

3.2. DOC distributions 

The time evolution of the DOC isosurface (cO2 = 0.005mg/L) colored 
by the magnitude of the velocity (m/s) are shown in Fig. 16. Within the 
time of t ≤ 400s, as the flow goes from the inlet along the side wall, high 
DOC is distributed near the side wall. Due to the diffusion of the oxygen 
and the effects of the turbulent diffusion in the water, the DOC is 
gradually distributed in the radial direction to the center of the fish tank. 
The speed of the DOC value diffusion towards the center of the tank is 

uniform along the azimuthal direction. At t = 1500s when the flow 
reaches a steady state, the DOC distribution tends to be homogenous 
within the tank. 

The contour of the DOC value on the 2D plane in YZ view are shown 
in Fig. 17 at different time instants of t = 50s~2300s. At the early time 
instants of t = 50s, due to the presence of the bottom wall, oxygen 
gathers around the bottom wall and diffuses faster to the center along 
the bottom and near the water surface than at the middle region. At t ≥
1200s after the water level reaches the outlet, there is water flowing out 
through the outlet and the oxygen is also transported out of the outlet 
from the middle of the tank. At the final stage, the tank is overall full of 
the oxygen and the DOC value is slightly lower around corner of the 
outlet pipe compared with other regions in the tank. As seen in Fig. 8, 
the flow velocities are much lower in the center part of the tank 
compared with the outer part. Therefore, the transport of oxygen in the 
center part of the tank is mainly determined by the oxygen diffusion in 
the water and the transport speed is much smaller than that caused by 
flow motions, which may lead to the lower level of DOC compared with 
the outer part of the tank. 

Fig. 15. The azimuthal velocity uθ (m/s) contours at z = 0.39m close to the water surface at (a) t = 50s; (b) t = 100s; (c) t = 500s; (d) t = 1000s; (e) t = 1500s; (f) t 
= 2300s. 
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4. Conclusion 

The dissolved oxygen concentration (DOC) distribution in a land- 
based aquaculture tank is important for the survival of fish. In the pre
sent study, a three-dimensional numerical simulation is used to inves
tigate the evolution of DOC in the aquaculture. The water-air interface is 
captured by the volume of fluid (VOF) method. An additional 
convection-diffusion equation for the oxygen transport is solved taking 
consideration of the different diffusion coefficients of the oxygen across 
the air-water interface. The numerical model is validated against the 
experimental measurements of DOC values at different detection points 
at the final steady state. The main conclusions can be outlined as 
following:  

1. At the time instants of t ≥ 1500s when the overall water flow in the 
aquaculture tank is steady and the velocity magnitudes at each 
detection point along the three circles on 2D XY planes are similar 
and uniform along the bottom-normal direction up to the water 

surface. The vertical velocities along the bottom-normal direction at 
the final steady state are close to the 0 along the bottom-normal 
direction, which means that the flow in the vertical direction is 
weak in the aquaculture tank.  

2. At the final steady stage and the outer part of the tank, the water flow 
goes towards the center of the tank and the radial velocity is 
generally positive. At the height close to the water surface and the 
flow in the radial direction is weak. The water flow is mainly in the 
azimuthal direction. The area of the large absolute value of 
azimuthal velocity is expanded towards the center of the tank and its 
value becomes homogenous along the radial direction.  

3. DOC is gradually distributed in the radial direction to the center of 
the aquaculture tank by the effects of the turbulent diffusion in the 
water. The oxygen diffuses faster to the center of the aquaculture 
tank along the bottom and near the water surface than at the middle 
region. When the flow reaches a steady state, the DOC distribution is 
homogenous within the tank while the DOC value is slightly lower 

Fig. 16. The DOC isosurface (cO2 = 0.005kg/m3) colored by the magnitude of the velocity (m/s) at (a) t = 50s; (b) t = 300s; (c) t = 500s; (d) t = 1000s; (e) t = 1500s; 
(f) t = 2300s. 
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around corner of the outlet pipe compared with other regions in the 
tank. 

The CFD simulation model developed in the present study can be 
useful for researchers in aquaculture engineering to solve the complex 
flow problems and avoid high cost of experimental set up for actual 
measurement of DOC in land-based aquaculture tanks with different 
configurations. Furthermore, the CFD model might also benefit the 
optimal design of oxygen aeration systems for aquaculture. 
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