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Abstract
This study is investigating about marine currents provided electrical energy through the numerical
model. The objective of this study is to know the power available distributions in the Manado Bay, North
Sulawesi, Indonesia. The Manado Bay was width 2200 m with 79 m of depth. In computation, we are made
grids in x and y horizontal were 7 m respectively, also for z vertical of four layers. The results shown that
2
the power available distributions in the Manado Bay at 0.1 Sv were 0.00-20.00 kW/m when low tide
2
currents and when high tide currents were 0.00-105 kW/m . The values will enable for marine currents
power plant in the Manado Bay to future.
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1. Introduction
Numerical methods are one completion to determine the power available in Manado
Bay. Already many researchers are investigating on numerical methods for ocean currents such
as Casulli and Cheng in [1] that study on numerical method in San Francisco Bay, California
and Lagoon of Venice, Italy. They simulated flooding and drying of tidal mud-flats in conjunction
by 3D flows. Clement, et al., in [2] that developed numerical models in Bering Sea in North
Pacific which have investigated the short-term marine circulation and flux in a small geographic
region. Zarrati and Jin in [3] developed the mathematical model for 3D simulation into multi-layer
model. Their models were able to predict diverse three-dimensional flow conditions through the
velocity distribution and secondary flows. Rompas and Manongko [4] have studied on velocities
of marine current in Bunaken Strait, North Sulawesi, Indonesia by numerical simulation. Draper,
et al., [5] simulated energy potential of a tidal near a coastal headland using 2D depth averaged
numerical model. Numerical experiments of tidal currents near New River inlet, NC, USA are
conducted by Chen, et al., [6]. The Reynolds-averaged Navier-Stokes (RANS) equations as the
basic equations used to solve numerical modeling [7-9]. The numerical models of tidal currents
are developed such as in a coastal ocean (Maine Gulf, Fundy Bay, Minas Passage, and Minas
Basin in North America) with subgrid approximation [10], in the Gold Coast Seaway area, Gold
Coast, Australia [11] with simulations of flow, wave, and sediment transport. The evolution of
tidal creek has studied by Gu, et al., [12]. Elzalabani, et al., [13] have presented the
mathematical modeling and simulation tidal current energy that can be modeled as a stream of
harmonics and applicated in building the tidal barrage across a bay.
In this study, we have used a numerical model that developed from [1-3]. Also, we want
to investigate the power available distributions in the Manado Bay, North Sulawesi, Indonesia
which influenced by Singkil river (refer to Figure 3).

2. Theory
2.1. Mathematical Model
The governing equations used to get the distributions of the power available from basic
RANS equations [14]. The model of equations become:
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where u (x,y,z,t), v (x,y,z,t), and w (x,y,,z,t) are the velocities in horizontal directions of x, y,
and z-direction respectively, η(x,y,t) is the elevation of free surface, t is the time, νeff is an
effective diffusion taking of account turbulent viscosity and dispersion, νeff  ν  νt , fcor is the
Coriolis parameter, assumed to be constant, and g is the gravity.
2.1.1. Turbulence Model
The equation of turbulence that used was turbulent viscosity from the mixing-length
model [15, 16] as follow:
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where lh and lv are horizontal and vertical mixing length scales respectively.
2.1.2. Boundary Conditions
In the numerical study here, the boundary conditions need to be set as [14]: by the
bottom, by the surface of the water [17], by boundaries which can be vertical impermeable
structures (wall), and by boundaries in the open sea [18].
The power available in the Manado Bay, we can be obtaining from equation [19, 20]:
P

1
ρ(v)3103
2

(5)
3

where P in kW/m2, v is u 2  v 2  w 2 (m/s) and ρ is density of water (kg/m ).
2.2. Numerical Model
The numerical method that used was semi-implicit finite difference for the 3D in
Equation (1), (2), and (3) was used by: [1], [3], [12], [15], and [21-23].
Figure 1 shows choices adopt in the vertical direction. The velocities are defined on the
edge of the mesh, we guessed virtual meshes to write the limiting conditions with the walls, and
we decorate the free surface with the grid.
The generally, we can be written semi-implicit discretization in Equation (1) and (2) in
the compact matrix form [1] as follow:
1
n
Ain1/2,jUin1/2,
j  Gi 1/2,j  g

Ai,nj 1/2Vi,nj 11/2  Gi,nj 1/2  g





Δt n 1
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Then, the velocity vertical in Equation (3) becomes:
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If we are discretization Equation (5), then the power available becomes:
P
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2

(9)

2
where P is the availability power in the Manado Bay (kW/m ) and vi,nj,k1  u 2  v 2  w 2 is velocity
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Figure 1. Meshes and notations for computational (2D and 3D)

3. Method
Figure 2 shows flow chart for solution of a numerical model in calculating the velocities
of u , v and w respectively and the power available in the Manado Bay. The “calculate
components of the velocities (u, v and w) and power available” symbol are show a process for
calculating of horizontal velocities u (Equation 6) and v (Equation 7) with a linear threediagonal, whereas for calculating velocity vertical w use Equation (8). Finally, calculating the
power available where the calculation used Equation (9). The “n” symbol shows the quantity of
calculating with iteration do-process until maximum iteration (T max). The “T > Tmax” symbol is the
process to execute determination when the iteration has been greater than maximum iteration, if
no then process will be go to “n” for continue to calculate again, and if yes then it go to “finish”.
The position of Manado Bay in Indonesia and numerical area are located in the
2
Sulawesi Sea with approximately 300 km of the area (Figure 3) and width of about 2.2 km
between Bunaken Island and Sulawesi Island, and down to 79 m deep.
We are made two types of simulations in 3D-simulations with one discharge. There are
four layers to deep. In calculation, there are 174 x 318 mesh in x, y directions with Δx = Δy = 7
m. Also, we are used four vertical layers and the integration time Δt = 0.4 sec (Table 1), and
6
3
discharge is 0.1 Sv (1 Sv = 10 m /s). Figure 4 illustrates the bathymetry 3-D and 2D of the
Manado Bay which used for numerical simulation.
Tide predictions were computed based on the Admiralty method using Harmonic
Constants taken from the Indonesia Sailing Direction and the results of the HydroOceanographic surveys. Information about tide is needed for the safety of navigation as mention
in navigational Indonesia regulation number 21, 1992 [24]. Hourly heights of tide of 95 stations
TELKOMNIKA Vol. 16, No. 1, February 2018 : 18 – 24
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in Indonesia are given for whole period in one year. Time used in local standard time.
Predictions refer to Chard Datum of Low Water Spring. Height should be added to charted
depths, unless preceded by minus sign (-) then they should be subtracted. Water heights are
given in Meter. It is pointed that though the prediction in the tide tables, in substance gives the
actual movements of tide.
Table 1. Numerical Parameter for 3D-Simulations
Parameter
G
Cz
τo
τi
Discharge

Value
9.81 m s-2
48
2 days
1 day
0.1 Sv

Parameter
Ρ
Δx
Δy
Δz
Δt

Value
1024 kg/m3
7m
7m
1m
0.4 sec

START

READ DATA

GENERATION OF THE MESH (dz)
GENERATION OF THE INDEX (ivf)
INITIAL CONDITIONS

n
BOUNDARY CONDITIONS

CALCULATE ADVECTIONS IN U AND V
TURBULENCE VISCOSITY
CALCULATE FREE SURFACES
CALCULATE COMPONENTS OF THE VELOCITIES (U, V AND W) AND
POWER AVAILABLE

PRINT RESULTS

no

T>Tmax
yes
STOP

Figure 2. Flow chart of a numerical model

Figure 3. The position of Manado Bay in Indonesia and numerical area
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(a)

(b)

Figure 4. The bathymetry of the Manado Bay in 3D (a) and 2D (b)

4. Results and Discussion
We can see that the power available distributions when high tide currents (Figure 6b) at
2
in front of the Singkil river downstream (Figure 4b) where around 80-105 kW/m bigger than the
2
other area in around that of 1-60 kW/m . It caused by existence of manger and average depth in
the place of ~5 m. Also, in West area, especially at centre area where power availabilities
2
around 16-20 kW/m . Whereas in North area where the power available still less unless in
2
South area about 30-50 kW/m . Figure 5 shows the tide predictions for 37 days from on 16
January to 21 February 2014 [24]. Predictions refer to Chart Datum 1.2 m under Mean Sea
Level (MSL). The type of tides is mixed, mainly semidiurnal and some of that are diurnal.
If we see in Westside (left hand) where there are power availabilities biggest around 102
15 kW/m . When low tide currents (Figure 6. a) at in front of the Singkil river, East-North, and
2
East-South, where around 15-20 kW/m . Whereas at enter channel in Singkil river of 0.5-8
kW/m2. It is caused due to the confluence of the river and the marine currents, also, the flow of
river water to move freely into the sea with an average depth of 2 m.

Figure 5. Tide predictions of the Manado Bay
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(a)

(b)

Figure 6. 2D-Simulated distributions of the power available when low tide currents (a) and high
tide currents (b) in the Manado Bay

(a)

(b)

Figure 7. 3D-Simulated distributions of the power available when low tide currents (a) and high
tide currents (b) in the Manado Bay

The distributions of the power available when low and high tide currents in the Manado
Bay (3D-simulation) at discharge 0.1 Sv respectively showed in Figure 7. Tide currents very
influence to the power available which very big at high tide current [25-27]. When low tide
2
2
currents, the distributions were 0.00-20.00 kW/m and 0.00-105.00 kW/m when high tide
currents in the Manado Bay.

4. Conclusion
Study on marine current in the Manado Bay, North Sulawesi, Indonesia through a
numerical model has been successfully accomplished. The maximum of power available at
2
discharge of 0.1 Sv when low and high tide currents were 20 and 105 kW/m respectively. The
results will be enabling to design the turbines that used in the marine current power plant in
Manado Bay in the future.
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