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Abstract: The aquafarm is a system used for breeding fish by using sea water. The main advantage
of this paper presents the characteristics of fluid flow and temperature distribution at different plans in
the aquafarm by the variations of inlet pipe position, inlet water temperature and flow rate. The paper
aims to find an optimum combination of these factors which produces a velocity and temperature
profile ideally suited for the breeding of a certain type of fish.The numerical analysis has been
developed for calculating the velocity and temperature distributions in a rectangular model of an
actual aquafarm scaled down by 25 times, the finite volume method and SIMPLE algorithm being
used for the numerical analysis. The numerical model is based on the assumptions of steady state
incompressible flow and uses 3-dimensional standard k-eturbulence model. Experiments were also
done. This exprements ware compared with the results of numerical analysis showed good
agreement.

Keywords: PiV(Particle image Velocimetry), Standard k- turbulence model, FVM(Finite Volume
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1. INTRODUCTION

Nowadays our coasts have been damaged by the
water pollution that resulted from the construction of
industry on the shore, increasing population, and
urbanization. As compared with the open sea, an inland
sea has higher pollution level because of eutrophication
and red tide. etc. Aquaculture, that raises aquatic
products for eating, has generated many problems by
destroying of an ecosystem.

The major environmental factors include water
temperature, the amount of melted oxygen, salt, CO,,
ammonia, PH and nourished salt that are associated
with the breeding of the aquaculture because it may
have effects on the growth of the creatures and lead to
their serious diseases.

In the korean aquaculture industry, fisherman on
the grounds prefer lefteye flounder (Paralichthys
olivaceus) and rockiish (Sebastes schlegel)). The
former is characterized by highly benefit and better
returns, and the latter has advantage of raising the
creatures. Nowadays, inland aquafarm uses
recirculated sea water. This implies that to help quickly
grow and to be strong enough to get over diseases
needs to have much of melted oxygen, to have a better
control on temperature. Therefore, recirculated
seawater causes many problems. The major problem
on this process is the increasing- cost of production and
the disease to fish.

Several investigations of aquaculture in sea water
have been reported. Kim(1997) examined the marine
poliutions in biology point of view. This biological
treatment has no problems in aquaculture industry

because the aquarium tank is separated from the water
pollution.  Partridge(1989) and Sannomiya(1987)
examined the swimming structure and behavior of fish
in aquarium tank. Takagi et al.(1993) considered the
effect of the size and shape of aquarium tanks.
Generally, the aquaculture equipment has two types of
closed and open flow systems. Jeong et al.(1998)
reported the flow characteristic by comparing numerical
analysis and flow visualization images. Hirashi et al.
(1995) examined the effect of water current in the
aquaculture environment of the seas. The closed type
is the system In which the sea water is recirculated
again in the aquarium tank. The water in the case of the
open flow system is discharged to the sea. Thus, the
first system needs more expensive equipment, but this
system can save on the energy for heating needed by
the aquarium tank water in winter season. Lee(1994)
carried out the experiment of a flow characteristics in
the closed aquarium tank. in the design of an aquarium
tank, what needs to be emphasized is the aquaculture
environments, This means that the wrong design can
cause the mass monrtality of the breeding fish.

In this paper, we performed a numerical analysis for
fluid flow characteristics in a land aquaculture tank is
perpormed, and the numerical results are compared to
the experimental results by visualization technique with
PIV. This paper is intended as an investigation of the
flow characteristics in an inland aguafarm, and will be
focused on the distributions temperature and velocity.

2. STUDY METHOD
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2.1 Experimental Study

Figure 1 shows the schematic diagram of the
numerical analysis model. The geometry of an inland
aquafarm model is WxHxL=0.2x0.2x0.04(m). This
model consisted of one inlet and one outlet with the
size of d=0.005m.

Figure 2(a) and (b) shows the photogragh and
schematic diagram of the experimental apparatus. The
experimental test model has a tectangular type top
opening which has rounded four corner. The top
surface is opened with an outside temperature of 10T.
The working fluid used by water at 20C and the
incoming flow rate was set to 1.27x10° The bottom and
sidewalls were covered with black paint to achieve
good particle image by CCD camera. The laser source
was projected by an Argon-fon laser with 490mw.

Table 1 shows the condition of the present
experimental study. The particle tracers are PVC(Poly
Vinyl Chloride) and the average diameter is 200. The
CCD camera, model CV-M50, was used for image
capturing. The number of images is 200 frames to get
an average image. The cross-correlation algorithm was
adopted to calculate the coefficients from two
consecutive images. 200 consecutive image frames
were captured successively and digitized with a frame
grabber into arrays of 640x480 pixels.

d=5mm

Inflow —a

H=40mm
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Figure 1: Schematic diagram for numerical model.
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(a) Schematic diagram of experimental apparatus.

Aquacultwre tauk

(b) Photograph of experimental apparatus.
Figure 2: Schematic diagram and Photograph.

Table 1: Experimental conditions for PIV measurement.

ltem Specification

Image grabber DT3155(640x480 pixel, B & W)

Light source 750mW, Ar-lon Laser

Particle seed PVC(Poly Vinyl Chioride : 200.)
Working fluid Water(20C)

Sheet light Cylinderical Lens

Image recorder SDR-2000

Computer Intel Pentium I PC(800MHz)

Frame number for

time-averaged 200 Frames

Two-Frame Gray-Level Cross

Identification Correlation Algorithm

2.2 Numerical Analysis

Table 2: Flow chart of PIV processing.

[ Test Aquaculture Tank ]
CCD Camira Controls
Image Acquisition
[ DT-3155 Board alttached in the P/C ]
[ Analysis by CACTLUS 2000 Software |
[ Field Section Z"lerame Odd/Even ]
[ Calculation olf Mean Value |
4

[ Result of Flow Visualization ]

Three-dimensional incompressible steady-state
Navier-Stokes equations were used to predict the
internal flow and heat transfer characteristics. The
standard k-¢ turbutence model is generally used in the
analysis of a turbulent flow field. The SIMPLE (Semi-
Implicit Method for Pressure-Linked Equations) solution
algorithm for correcting the pressure field was used, as
explained in Patankar(1980).
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This is mainly suitable for steady state flows and is
stable for undistorted grid systems. Its virtue is that it is
computationally efficient, generally requiring less CPU
effort per iteration than other more hybrid schemes. At
high Reynolds numbers the accuracy of the spatial
discretion of convective fluxes is a determining factor
for both calculation accuracy and stability.

The continuity and momentum equations can be
described in Cartesian tensor notation as follows:

- Equation of continuity

0
2 (pu)=0 (1)
ax, P

- Equation of momentum

) oP
—aX—j(pu‘uj—T,}.)=a—x+Si (]

i
- Equation of energy

apU T
Ll [(“+&)B—TJ @

X, X, P o, ox,

where p is the density of water and u; is the velocity
component. T; and S; denote the component of the
stress tensor and momentum source respectively.

The particular high Reynolds number form the k-¢
turbulence model used in the STAR-CD is ‘appropriate’,
subject to the caveats given earlier, to fully turbulent,
incompressible or compressible flows

The governing equations for turbulent kinetic energy
and dissipation in the Standard k-e turbulence model
are as follows:

- Equation of Turbulent kinetic energy

3, — . My Ok
—(pujk——L_——)=
u, " o, ox

2, Odu ou
u,(P+PB)—ps—g(u,a—)clfwk)—ax—”wm @

where P, = (_Fuj_ zsij)%
X .

- Equation of Turbulence dissipation rate

al .= Uy de
5 (pue——L-—)=
ox, o, Ox,

£ 2 Oy, ou,
Cel —| & (P+ CEJPB)__'(#I == Pk)'—L
k 37 "ox, ox;
-C p—£-2+C peau"+c £p (6)
£2, k €4 ax,. €l k NL
where 0, Cu, Ce2, Cia and Cu are emplrical
coefficients whose vaiues, taken from references, are
given in Table-3. The right-hand side terms represent
similar effects to those described above for the k
equation. '

.

Table 3: Values assigned to standard k- € turbulence
model coefficients.

Cy 0.09 Ces -0.33
Gt 1.44 Ok 1.0
Ce2 1.92 g 1.22
Cea 0.00r 1.0 oY 0.9
The incoming Reynolds number is set to 2.108x10°,
The incoming temperature and atmosphere

temperature are set to 293k and 283k, respectively.
The vertical velocity was assumed to be 0, and
turbulence intensity is set to 5% uniformly. The dynamic
condition near the walls used wall function and
adiabatic condition. The heat flux is set to -20W/m?.

(a) Geometry of intand aquafarm.

(b) Computational grid system of inland aquafarm.

Figure 3: Geometry and grid system for numerical
analysis.

3D model calculation was performed using CATIA,
and PRO-AM was used to create the lattice. The total
number of lattices used for numerical modeling is
60,000. Actual calculation of the model used the
common CFD code, STAR-CD ver-3.15A. Figure 3(a)
shows the measurement of inland aquafarm. The grid
systern of the numerical model is shown in Figure 3(b).
The calculation is repeated at steady state, and the
iteration was assumed to be converged when the
residual value of the dependent variables was 10°® or
less. .

3. RESULTS & DISCUSSIONS

"3.1 Comparisons of the experimental and numerical

results )

The general breeding fish inhabit near the bottom of
a land aquaculture tank. The velocity distributions near
bottom wall were selected as a horizontal plane. Figure
4 and 5 represent the velocity vectors between the
experiment and numerical results. The experimental
and numerical results are compared base on velocity
difference according to X-Z plane at Re=1.27x10%

Figure 4 shows each inlet fluid flow characteristics
and the time-averaged velocity vectors at the
experimental results. Aquarium tank depth is set to
10mm, 25mm and 35mm. The entire flow pattern has a
swirling flow pattern. The unique flow pattern appeared
at near center. Velocity magnitude of this flow is
decreased because the depth of the aquarium tank is
shallow, and the velocity magnitude of walls is
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Figure 4: Distributions of Velocity vectors for experimental results at X-Z plane, Re=1.27x10°

X (a) Y=35mm (b) Y=25mm (c) Y=10mm
Figure 5: Distributions of Velocity vectors for numerical analysis at X-Z plane, Re=1 27x10°.

Flgure 6: Particle tracking for numerical analysis at X-Z plane, Re=2.1 2x10°,
-199 -
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Figure 7: Velocity distributions with Re=1.27x10%at
X=100mm and Y=10mm

decreased by friction. Fig 4(b) shows the stagnation
region at the corner of the right side. This is because of
the increased fluid velocity on the Y-axis(depth
direction) by X-Z plane at Re=1.27x10°. As the depth of
aquarium tank is shallow, the stagnation region is
decreased at the aquarium tank.

(a) Y=35mm

(a) Y=35mm

(b) Y=25mm
Figure 9: Temperature contours for numerical results at X-Z plane, Re=4.23x10%

(b) Y=256mm
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Figure 8: Velocity distributions with Re=1.27x10%t
Z=100mm and Y=25mm.

Figure 5 shows the time-averaged velocity vectors
at the numerical analysis results. Figure 5(a) shows
that the velocity increases near the inlet. This is
because the inlet velocity by streamed a narrow pipe.
Results of this section, the velocity values have some
difference between the experiment and the numerical

TEMPERATURE
REL TO TREF
 {KELVIN)

(c) Y=1 Ommb ]

TEMPERATURE
REL TQ TREF
{KELVIN)

(c) Y=10mm

Figure 10: Temperature contours for numerical analysis at X-Z plane, Re=1.27x1 o’

Y=35mm

TEMPERATURE
REL TO TREF
(KELVIN)

. . ) (c) Y=10mm
Figure 11: Temperature contours for numerical analysis at X-Z plane, Re=2.12x10?
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analysis results. The reason for this difference is
considered to be the PIV resolution errors because of
high velocity around the inlet. In order to clarify the
applicability of the foregoing numerical analysis,
comparative studies with the experimental results have
been carried out in an inland aquatarm model, and the
calculated results had good agreements with the
experiment.

Figure 6 shows the particle tracking at each section.
The apparent swirl motion is observed in each section
of the aquarium tank. As the depth is deeper, the swirl
motion is advanced to right side the corner by outlet
flow velocity. Consequently, when the depth is 10 and
25milimeters, the flow at near bottom wall can not be
shown as the stagnation region. Therefore, this region
can not cause the stagnation of pollutants and
excrements, etc..

3.2 Temperature distributions of numerical analysis

As mentioned above, this study anaiyzes and
verified the flow field in an inland aquafarm model. One
of the main purposes of this study is to obtain the flow
and temperature profile in the actual aquaculture tank.
In the aquaculture industry, the optimum temperature
for breeding fish is about 20C in winter season. Thus,
in this study, the size of the aquarium tank for
calculation was set to the same conditions. In the case
of an actual aquarium tank for breeding fish, the
aquarium tank depth is not over 40milimeter. Therefore,
the aquaculture tank depth selected was between 10 to
35 millimeter in this study. The costly breeding of fish in
aquarium tanks behave at near bottom of tank. Thus,
the main flow characteristics were focused near the
bottom in X-Z plane, Y=10mm.

Figure 7 shows distributions of velocity with
Re=1.27x10°. at X=100mm and Y=10mm. Figure 8
shows distributions of velocity with Re=1.27x10°% at
Z=100mm and Y=25mm.The counterclockwise rotation
vortex was formulated at the center point on the same
streamline pattemn.

Figure 9 ~ Figure 11 shows the distributions of
temperature by each section according to the Reynolds
number. Reynolds numbers at the inlet are selected as,
4.23x10% ,1.27x10° and 2.12x10°%. ‘

The high temperature appears.near each wall of the
X-direction and Z-direction, and this high temperatue is
distributed widely in the plane by the swirling flow. As
the tank depth deepens, the high temperature can be
propagated to other regions.

4. CONCLUSION

In order to verify the calculation code, the numerical
analysis and experimental PIV data were compared in
the aguaculture tank model. Based on this calculation
code, the flow field in the aquacuiture tank was carried
out for various tank geometries.-Some important results
can be summarized as follows.

1. Inlet flow close by z-direction maintains normal
fiuid than different type.

2. The comparative studies with experimental
results have been camied out, and the caiculation
results had good agreements with the experiment.

3. When the depth of the aquarium tank becomes
deeper, the flow field near the bottom wall was
advanced with stable flow.

4, As the depth of the aquarium tank is deeper, the
high temperature appeared near the wall in the X-
direction and Z-direction, and this high temperature is
distributed widely due to large swirling flow.

5. The temperature in the aquarium tank Is
increased when the inlet velocity increases.
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