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Abstract

One of marine current power plant equipment is turbine. In the design of marine current turbines
required variables such as velocity and kinetic energy. This paper presents numerical study on a numerical
design of marine current for predicting velocity and kinetic energy in the Bangka strait, North Sulawesi,
Indonesia that developed from Yaxum/3D model. This study includes the simulation of velocity and kinetic
energy distributions at low and high tide current conditions by two flow rates of 0.1 and 0.3 Sv respectively.
The numerical method used to design computational program. Semi-implicit finite difference method used
to 3D shallow water flow. It found distributions of velocity and kinetic energy at high tide current condition
greater than low tide current condition. The future, these results will be developed in marine current power
plant project in the Bangka strait, North Sulawesi, Indonesia.
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1. Introduction

Velocity and kinetic energy of marine currents which are one of the renewable energy
resources can be predicted by a numerical study that designed through a numerical model.
Data obtained by the results of numerical computation can be used in the design of marine
current turbines and feasibility studies in the construction of marine current power plant in the
Bangka Strait, North Sulawesi, Indonesia in the future. Shevkar and Otari [1] have discussed
tidal energy as tidal power that has potential for upcoming electricity generation. Erwandi et al
[2] developed vertical axis marine current turbine in Indonesian Hydrodynamic Laboratory-
Surabaya for tidal power plant. Also, they have employed to predict the strongest marine current
at Larantuka strait between Flores and Adonara islands by using a numerical ocean modeling.
Elbatran, et al., [3] have designed and developed the horizontal axis marine current turbine
(HAMCT) for operating within Malaysian ocean in the current study. Soedibyo, et al., [4] have
applicated various renewable energy through modeling and simulation with using ANFIS in
microgrid system.

The numerical solution in San Francisco Bay, California has conducted by Casulli and
Cheng [5] who using the semi-implicit finite difference method. Gillibrand et al [6] have proposed
numerical simulations which used the 3D shallow water equations derived from the RANS
equations by using the hydrostatic assumption. Rodriguez-Cuevas, et al.,, [7] have been
conducted a number of numerical experiments through test various turbulence models for
shallow fluxes with recirculation of wakes produced by an island with a slight slope in their
numerical simulations. Rompas and Manongko [8] proposed the study on the distributions of
marine current velocity and kinetic energy in the Strait of Bunaken, North Sulawesi, Indonesia.
The numerical solution of the shallow water equations on the sphere by using an efficient
exponential time method has been presented by Gaudreault and Pudykiewicz [9]. Ramirez-
Leon, et al., [10] developed the horizontal and vertical dispersion of salinity and temperature the
YAXUM/3D baroclinic numerical model in the location of the Koombana bay. Ramirez-Leon, et
al., [11] used the numerical model which solves the Navier-Stokes-Reynolds equations of
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shallow water and energy equation for computing temperature variations. Chen [12] has been
developed the free-surface correction (FSC) method, a semi-implicid, and 3-D finite difference
model for free-surface flows through the numerical solution which was applied to the estuarine
portion of the Alafia River in southwest Florida.

In this paper, we investigate the distributions of marine currents velocity and energy
kinetic when low and high tide currents in the Bangka strait, North Sulawesi, Indonesia by a
numerical design that developed from YAXUM/3D model. We develop the boundary conditions
at the bottom, the surface of the water, the wall, and open boundary. Also, we calculate the
kinetic energy from marine currents velocity.

Fundamental mathematics equation that used in the numerical model is the
conservation of energy equation. It would express the variations in temperature, especially in
account dissipation by friction, will ignore and temperature will later appear as a tracer only
liable for the effects of buoyancy. Conservative of the fluid mass based on the following
equation [5-6], [13-14].
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Where p be the density of the fluid, and U the velocity vector, whose components are U, V, W.

VvV is the tensor operator “nabla”. §+E is external forces where g is the constant gravitational

acceleration and the other forces (Coriolis acceleration, etc.).

In this study, base on the decomposition of preceding Reynolds and under the
assumptions of hydrostatic pressure, then conservative of the fluid mass become Realized
Average Navier-Stokes (RANS) equations [14, 15]. The RANS equations were as a basic for the
formulation of numerical model.

The domain of the Bangka strait is more complex of forms to free surface flows.
Therefore, it needs limited. Some types of boundary conditions are required such as the
boundary conditions at the bottom, the surface of the water, the wall, and open boundary. The
first, at the bottom only horizontal velocity that could considered with used a Chezy formula [5].
At the surface, we used principally two conditions, the first is wind shear stresses in x-direction
and the second is wind shear stresses in y-direction [12]. At the wall, we used the impermeable
condition [13]. Finally, a condition of radiation and adaptive boundary condition that developed
by Marchesiello, et al., [16] and Treguier, et al., [17] used at open boundary.

The turbulent model used dept-average formulation from Stansby [18] as defined follow:
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Where the friction velocity U =,/|rb|/p with p is water density and bed shear stress

T, =15 + 15, where (7,,7,,) =C, p(@,VNU* +V* with C, =0.0559 Re,*?® is friction

coefficient of the Blasius formula where the depth Reynolds number Re, = (VU* +V?)h/v,

and y is the Elder constant about 0.067 which are the depth-averaged vertical mixing, and the
horizontal mixing length I,=pAh where A is a boundary layer constant (A=0.09), h is water depth
and B=ly/l, is the constant from result comparison with experiment.

The numerical equations that used in this study were results developing from
mathematical equations. Also, from the results of modification of the YAXUM/3D model that
used by [7-8], [10-11]. In the numerical model, we used semi-implicit finite difference method for
the numerical solution of the three-dimensional Equation (1) in the computation of shallow water
flows [5, 14].

The velocities in X, y, and z directions, we used the equations which a general semi-
implicit discretization of the momentum equations and we can written in the more compact
matrix form as [5, 14]
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2. Research Method

The geographical location of the Bangka Strait is from 125 ° 04'40 "E to 125 ° 11'18" E
and from 1 ° 41'25 "N to 1 ° 44'03" N which consist of islands of Talise, Kinabuhutan, Ganges,
Tindila, Lehaga, and Sulawesi. In the east, there are the Maluku Sea and Pacific oceans, and to
the west is the Sulawesi Sea (see Figure 2). In addition, there are two of the current circulations
(bidirectional) in the Bangka strait i.e. low tide currents and high tide currents.
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Figure 1. Flowchart of the numerical design

The methods used survey, observation, and measurement in the Bangka strait. The
data of seawater density conducted measurement in the Bangka strait. The data of width and
depth in the strait collected from the map of Bangka strait and its depth of the sea. Problem
solving of the study used a numerical model. The solution of a numerical model we take the
case in the Bangka strait for calculating the velocities of U, V and W respectively, we can
explain step by step (Figure 1) as the first is the beginning of computation with start. Then, the
read data that using the all of parameters in the numerical equations and time of calculating
until time maximum for doing iteration. Next step, generation of the mesh such as horizontal and
vertical meshes and then continue to the process generating the index such as generate the
layers of vertical axis (depth) and boundary layers. The next process, it makes the initial
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conditions of velocities and seawater surface elevation and the boundary conditions. Then, step
in the start of iteration process until maximum iteration that the beginning with calculate
advections in U and V, which are the processes for calculating advections of horizontal
velocities, and then it makes the boundary conditions again in the Bangka strait. Next, it
calculates the turbulence and the free surface that using a linear five-diagonal system. Then, it
calculates components of velocities in horizontal and vertical directions and kinetic energy.
Next, it makes back the boundary conditions and actualization velocities. Then, it prints the
results of velocities and kinetic energy. Finally, the process to do execution which if the iteration
has been greater than maximum iteration, then calculation to finish but if no, then to be continue
calculate advections in U andV again.
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Figure 2. Location of numerical study

Table 1. Numerical Parameters for 3D-Simulations

Parameters Value Parameters Value
g 9.81ms~ Oseawater 1024 kg/m®

Cz 48 AX 60 m

To 2 days Ay 60 m

T 1 day Az 20m

flow rate variable At 1 sec

In Table 1, there are two flow rates that determined i.e. 0.1 Sv and 0.3 Sv (1 Sv=1
Sverdrup = 10° m%s [19]). 7, and T, are relaxation timescales at outflow and inflow conditions
respectively [15, 16]. Cz is Chezy coefficient and pseawater is density of seawater. Ax, Ay, Az, and
At are space step in x, y, and z directions, and time step respectively.

3. Results and Analysis

Figure 3-9 showed the results of numerical simulation. We can see Figure 3 and 4 that
in the form of simulations i.e. 2D-simulations at seawater column of 20 m when low tide currents
and high tide currents. Figure 3 shows distributions of velocities and current threads at seawater
column when low tide currents. Generally, seawater enters from section A and B where current
flows from section A and go to section D and a small part flow to section C which previous
rotate form two eddies like elliptic diameter at centre between Gangga and Bangka Islands. On
the other side, current enter in section B flow to section C which previous form eddy in north
area near Talise Island and a small part flow to section D which previous form small maelstrom
like diameter between Gangga and Bangka islands. On the contrary, when high tide current
(Figure 4), current enters from section D go to section A and a small part flow to section B which
previous happened eddy at center east area near Bangka Island whereas current from section
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C go to section B which previous form eddy like elliptic diameter at north area near Talise Island
and a small part of the other current go to south side of Gangga Island at section A.

Figure 3. Simulations (2D) of marine current velocities and current threads at seawater column
of 20 m when low tide currents at 0.1 Sv (a) and 0.3 Sv (b)

b)

Figure 4. Simulations (2D) of marine current velocities and current threads at seawater column
of 20 m when high tide currents at 0.1 Sv (a) and 0.3 Sv (b)

r(nfs). 0.00 0.01 0.05 0,10 0.20 0.30 0.40 0.50 00 0.70 0.50 0.90 mé): 0,00 001005010 020 0.20 040050 050 0.70 0.80 0.90 100

(a) (b)

Figure 5. Simulated (3D) of marine current velocities distribution at seawater column of 20 m
when low (a) and high (b) tide currents at 0.1 Sv
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Figure 6. Simulated (3D) of marine current velocities distribution at seawater column of 20 m
when low (a) and high (b) tide currents at 0.3 Sv

Figure 5 and 6 show simulated (3D) of marine current velocities distribution at seawater
column of 20 m when low (a) and high (b) tide currents at 0.1 and 0.3 Sv respectively. When
high tide currents, the volume of seawater passing through the area was so large which is the
result of a combination of direction section C and D (see also Figure 4). Whereas when low tide
current (see bottom centre area) flow only from section C. The currents were so strong in the
top of section A. It is because not only so large volumes of seawater but also depth of 6 m.
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Figure 7. Simulated (3D) distributions of the kinetic energy at seawater column of 20 m when
low tide currents at flow rates of 0.1 Sv (a) and 0.3 Sv (b)
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Figure 8. Simulated (3D) distributions of the kinetic energy at seawater column of 20 m when
high tide currents at flow rates of 0.1 Sv (a) and 0.3 Sv (b)
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Figure 9 shows velocity vector field and kinetic energy distributions at seawater column
of 20 m when low (a) and high (b) tide currents at 0.3 Sv in the Bangka strait. In the centre area
of strait (see Tables 2 and 3), we can see that the values of velocity can be used to design
profile of the marine current turbine. The results if we compare the results of marine currents
numerical simulation in the Bunaken Starit that presented by [6] which at flow rate of 1 Sv, the
average velocities at enter of Bunaken Strait is 1.46 m/s when low tide currents and 0.85 m/s
when high tide currents. It shows difference in the boundary conditions. We can also compare
with seeing the results of discussions by [5, 7], [10-12]. Besides, this area is suited installed
turbines for marine current power plant and ideal, it has velocities of current two directions
(minimum bidirectional) of 2 m/s or more, one way is minimum 1.2-1.5 m/s [13, 20]. Also, the
depth not less than 15 m and the more than 40-50 m, the construction near the beach so that
energy can be supplied at low cost, the area is spacious enough for more than one turbine
installation, and no the area of sea transport and fishing.
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Figure 9. Velocity vector field and kinetic energy distributions at seawater column of 20 m when
low (a) and high (b) tide currents at 0.3 Sv in the Bangka strait

Figure 5 shows 3D-simulation of the velocity distributions at seawater column of 20 m
when low and high tide currents at 0.1 Sv. Same as Figure 5, in Figure 6 shows flow rate of 0.3
Sv. Maximal velocities are predominated at around section A, whereas in the center of Bangka
strait which average velocity is 1.45 m/s at average depth of 21.4 m (we can be seen in Figure 9
and Table 2 and 3). It also obtained average kinetic energy is 1.6 kW/m? (see Figure 7 and 8,
and also Table 2 and 3). Tidal power energy (kinetic energy) can be predictable if compared to
other energy sources [1, 3]. Figure 5-9 are show that the velocity and the kinetic energy when
low and high tide currents almost equal.

Table 2. Values of velocity vector fields and the kinetic energy (KE) at flow rate of 0.3 Sv when
low tide currents

u Y W  Direction v KE  Depth
ms mis m/s degree m/s kwim? m
PL 076 -097 0.00 308 124 0.97 22
P2  1.07 -0.81 -0.01 323 134 124 21
P3 138 -067 -0.01 334 153 1.85 -23
P4 159 -0.33 0.00 348 163 222 -22
P5 131 -0.35 -0.01 345 136 1.29 -28
P6 152 -0.18 0.00 353 153  1.83 -20
P7 143 -0.12 0.0 355 143 151 -20
P8 159 0.00 0.00 0 159 207 -20
P9 127 -0.04 0.00 358 127 1.04 -17
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Table 3. Values of velocity vector fields and kinetic energy (KE) when high tide currents at flow

rate of 0.3 Sv

pont U V W Direction v KE  Depth
m/s m/is  mls degree m/s  kW/m2 m
P1 -0.61 1.10 0.00 119 1.26 1.02 -22

P2 -1.02 1.06 0.01 134 1.47 1.64 -21
P3 -1.28 0.82 0.01 147 1.53 1.82 -23
P4 -1.46 0.28 0.00 169 1.48 1.67 -22
P5 -1.43 050 0.01 161 1.52 1.78 -28
P6 -1.46 0.22 0.00 171 1.47 1.64 -20

P7 -1.35 0.30 0.00 167 1.38 1.35 -20
P8 -1.59 0.14 0.00 175 1.60 2.10 -20
P9 -1.49 0.13  0.00 175 1.50 1.72 -17

4. Conclusion

We successfully obtained the velocity and kinetic energy distributions of marine currents

at seawater column of 20 m in the Bangka strait, North Sulawesi, Indonesia by the 2D and 3D
numerical models. The velocities of marine current at seawater column when low and high tide
currents which the maximum happened at 0.1 Sv were 0.9 and 1.0 m/s respectively, while at 0.3
Sv were 2.7 and 3.16 m/s respectively. Whereas, the kinetic energy maximum at 0.1 Sv were
0.35 and 10 kW/m? respectively when low tide currents, while when high tide currents at 0.3 Sv
were 0.55 and 16 kwW/m? respectively. The results will be a product in analyzing the potential
kinetic energy, which can used to design profile of turbines for marine currents power plant in
the Bangka strait North Sulawesi, Indonesia.
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