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National electricity consumed continues to rise by up to 6.4 % per year, which are not
comparable with the availability of fossil fuels as a primary energy coal-fired power plant
in Indonesia. Utilization of ocean energy in particular flow energy has performed as one
of the primary energy options. Tides are responsible for the renewable energy of ocean
currents. Changes in flow velocity of ocean water due to the ups and downs of ocean
water can be used as the primary energy to drive turbines and generate electricity. This
study investigates the ocean current power plant in Indonesia that relates to the
characteristics of the ocean current. The data used for this research belonged to R&D
Center Marine Geology (PPPGL) from ocean current data in the Toyapakeh, Pantar,
Larantuka, Molo, Boleng and Gam strait. This study looked at both the technical and
socioeconomic aspects of the six locations mentioned above. Larantuka strait had the
greatest potential for ocean currents in the strait. The turbine was designed using
Computational Fluid Dynamics (CFD), with a capacity of 100 kW for the Horizontal Axis
turbine. The findings demonstrated that the turbine design could produce electrical
energy at low ocean current speeds (cut-in speed) of 0.3 m/s, and that the rotor power
generated at ocean current speeds of 2.2 m/s approached the design capacity of 100 kW.

1. Introduction

National electricity consumed continues to rise by up to 6.4 % per year, are not comparable with
the availability of fossil fuels as a primary energy coal-fired power plant in Indonesia [1]. Indonesia is
the largest archipelago country in the world, consist of 63 % ocean territory. Ocean has reserved
much potential energy, one of that is ocean current [2]. Ocean current has not optimally been utilized
for power generation in Indonesia.

The renewable energy of ocean currents was from by tides [3]. Changes in flow velocity of ocean
water due to the ups and downs of ocean water could be used as the primary energy to drive turbines
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and generate electricity [4]. There are two types of ocean current turbines, namely Horizontal Axis
Turbines (HAT) and Vertical Axis Turbines (VAT) [5,6]. HAT blade was designed as counter ocean
current flow, that had kinetic energy from blade spinning by ocean current velocity (Figure 1(a)). VAT
blade was design perpendicular ocean current flow (Figure 1(b)).

Numerous articles have discussed the performance of NACA utilizing CFD. Comparing NACA 0010,
NACA 2410, NACA 0015, NACA 2412, NACA 0018, NACA 2421, NACA 0021, NACA 4412, NACA 0024,
and NACA 4421 on wind turbines using 2D Ansys, Loutun et al., [7] discovered that NACA0018 had
the highest power coefficient among all NACA airfoils operating at TSR = 6.2 with a power coefficient
of 0.2968795. Using NACA 63-9XX and ANSYS CFX18.0 to simulate a tidal turbine, Wang et al., [8]
determined that the greatest power coefficient is 0.45 at TSR = 8. Tian et al., [9], utilizing NACA 63-
8xx on a horizontal axis ocean current turbine with ANSYS FLUENT v14.0, got simulated results with
a maximum Cp value of 0.38 at a TSR of 5. Guo et al., [10] got a maximum power coefficient of 0.42
at TSR = 5 utilizing bidirectional foil with NACA 65-012 and NACA 65-021 on Tidal Current Turbine
with code STAR-CCM+. Using NACA 030 and Fluent on a Horizontal-Axis Tidal Current Turbine, Yan et
al., [11] determined a maximum power coefficient of 0.25 at TSR = 4. In this research, it is necessary
to choose NACA based on its high Cp and low TSR.

(a) In-planc axis  (b) Squirrel Cage Damicus  (¢) H-Damicus (a) Inclined axis

v
(d) Darricus (¢) Gorlov () Savonius () Non-submerged Generator (d) Submerged Generator

(a) (b)

Fig. 1. Ocean current turbines (a) Horizontal axis turbines [5] (b) Vertical axis turbine [5]

The study of ocean current turbine was basic for having turbine blade design. The research aimed
to design 100 kW ocean current blade turbine based on a location of ocean current power plant.

2. Methodology

The data on Indonesia ocean currents potential were used PPPGL measurement ocean current
data at 6 locations, which had: Toyapakeh Strait, Pantar Strait, Larantuka Strait, Molo Strait, Boleng
Strait, Provinsi and Gam Strait. The parametric design of ocean turbine blade was based condition in
location selection. The first step to design ocean current blade turbines was calculated swept area of
blade turbine has calculate with Betz equation, as follow [12].

P_1 13
2-32PY (1)
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Tip speed ratio of blade turbine determined amount of blade turbine [13]. The equation
calculated tip speed ratio, that is

__2mRn
A= 60V (2)

where, R is radius ocean current blade, and is generator rotation and V is ocean current speed. Table
1 showed a relation tip speed ratio and the amount of blade turbine [14].

Table 1

Relation tip speed ratio and amount of blade
turbine

A B

1 6-20

2 4-12

3 3-6

4 2-4

5-8 2-3

8-15 1-2

For this paper, the hydrofoil of the ocean current turbine blade has used NACA 0016. According
to previous paper, NACA 0016 is more optimal than NACA 0020 [15]. From the calculation results
with NACA 016, with obtained TSR = 3.

NACA airfoil ordinate generation program v 4.5 was used to analyze coefficient lift for NACA
shown in Figure 2.
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Fig. 2. Coefficient lift NACA
0016 at Re 1424000 with
various angle attack

Chord setting of the ocean current blade was done by a separate ocean current blade turbine.
The blade size was similar according to Eq. (3).

A== (3)
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From Eq. (3), local speed ratio was calculated for every separate blade. The angle of inclination
(@) was calculated with Eq. (4) (Figure 3).

1 &
¢
g o
/
Fig. 3. The angle of inclination (®)
2 1
d =3 arctg — (4)

The Chord of the blade for every separate ocean current turbine blade was calculated with Eq.

(5).
c=" (5)

where, B is the total amount of ocean current blade turbine and Cl is the coefficient lift. Angel B for
every blade turbine is calculated with Eq. (6). where the angle of attack a is 5 degrees [16].

B=®—- «a (6)

Here is a table of calculation results following the steps above.

Table 2

Initial blade design geometric parameters

Cross-section r (m) Ar (degrees) ® (degrees) C(m) B (degrees)
1 0.8 0.69 37.06 0.9 19.06

2 1.6 1.37 24.08 0.78 6.08

3 2.4 2.06 17.03 0.61 -0.70

4 3.2 2.74 13.37 0.48 -4.63

The next step after the design of the ocean current turbine is hydrodynamic simulation.
Computational Fluids Dynamic is a method to analyze the hydrodynamic of the ocean current blade
turbine [17,18]. The flow chart diagram is shown in Figure 4.
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Fig. 4. The flow chart diagram of Computational Fluids Dynamic hydrodynamic of the ocean current blade

turbine

To solve discretized fluid flow equations, it is necessary to discretize the computational domain
into a computational grid (or mesh). Figure 5 depicts the simulation computational domain for this

work.

Torque and force were then calculated by specifying boundary conditions and solving the
governing fluid dynamic equations to obtain the pressure and velocity fields within the flow domain.

The fluid inlet and outlet velocities were defined as the velocity of the free airstream (Vo).
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Fig. 5. Three blades in the fluid Domain (a) Front view (b) mesh view (c) computational fluid
Fluid dynamics is the study of fluid motion involving action and reaction forces, i.e., forces that

cause acceleration and forces that resist acceleration. The three fundamental principles of mass,

momentum, and energy conservation govern the equations that govern the motion of fluids [19,20].
As follow

Continuity equation
L+ V.(pV)=0 (7)
Navier-Stokes equation
v
pE+V.V(pV)= V.t — VP + pF (8)

Energy equation

D 0
PEHPEWY)=-V.q+ @ (9)

. (D d 9
where V is (E-I_ % +£).

179



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 101, Issue 1 (2023) 174-185

An independent grid solution is the objective of a grid dependency analysis. When conducting a
new study, it is unlikely that the first grid generated will have the required resolution to capture the
flow physics adequately. For this study, a low-resolution initial grid was generated, and then the same
meshing scheme was utilized to generate grids with higher resolutions. All simulations for the grid
study were performed with the conventional blade (C-Blade) at a current speed of 2.2 m/s, the results
are tabulated in Table 3.

Table 3

Grid convergence study

No. Resolution (cell) Torque (N x m) Force (N)
1 52445 1959,4 7112,79
2 62619 2010,9 7112,25
3 74158 4128,44 9062,66
4 88607 4437,6 9012,59
5 102936 4376.92 8967,08

As showed in Table 3, the torque and force vary between the first and third grids but do not
change significantly after the third grid. Therefore, the third grid with a resolution of 102936 cells
was chosen as the basis for all grids in this study.

3. Results and Discussion
The location selection of Ocean Current power plant was evaluated on the technical aspects and

the social economy. The parameter of assessment was made to find the best location. The Parameter
of location selection is shown in Table 4.

Table 4
The Parameter of location selection
Variable Quality Parameter Quality Sub Parameter Quality
Maximum Ocean Current Velocity
Depth 0-5m
Depth 5-10 m 3
Technical 0.8 Hydro oceanography 0.3 Depth 5-10 m
Aspect Minimum Ocean Current Velocity
Depth 0-5m
Depth 5-10 m 3
Depth 10-15m
Average Ocean Current Velocity
Depth 0-5m
Depth 5-10 m 4
Depth 10-15 m
Geology 0.1 Formation and Morfology Sea 1
Floor
Seismic Risk 0.1
Transmission and 0.1 Distance to Distribution Lane 5
Distribution Aspect Distance to Substation 5
Construction Aspect 0.1 The road existence for 5
construction
The road condition 5
Electrification Ratio 0.3
Socio-economic 0.2 Population 0.5
aspect Location Status 0.5
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The selection of six locations for the ocean current power plant was made based on a study. The
Larantuka strait had the potential for ocean currents. The type turbine is Horizontal Axis with a rated
capacity 100 kW. The rated ocean current speed in Larantuka Strait was 2.2 m/s with cut-in and cut-
out design speeds 0.3 m/s and 4 m/s. According to Eq. (1), the radius of ocean current blade turbine
was 3.2 m as shown in Figure 6.

Fig. 6. Dimension of ocean current blade
turbine

From Eqg. (2), the tip speed ratio (A) had 6. The relation of the tip speed ratio and amount of blade
was described in Table 1, which had total blade turbine 3. The model of the ocean current blade
turbine showed Figure 7.

Fig. 7. Model of ocean current blade turbine

Over a variety of rotor thrust coefficients, the performance and wake characteristics of the
turbine were determined [21]. The thrust coefficients can be calculated with equation as below.

T

Cr = 0.5 pmAUp? (10)

The variation trend of the energy-harvesting efficiency with increasing TSR at the flow velocity of
2.2 m/s. The energy-harvesting is shown in thrust coefficient obtained by numerical simulation is
shown in Figure 8 The overall thrust trend of models increases first and then decreases with the
increasing TSR, and the thrust coefficient decreases when TSR is greater than 3.
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The CFD method carried out in this research has been used in previous studies, where the
simulation test results compared to the experiment results have a difference with the 1% error
standard [15].

The inflow direction power coefficients are defined as follows [22]

_  Myowr
6 =t (12)

The CFD method research instrument has been utilized in prior studies, where the simulation test
results were compared to experiment findings and the simulation power output efficiency was found
to be 13% of the power output experienced [15]. The simulation of the power coefficient (Cp) is 12%
of the value of the trust coefficient since the trust coefficient or numerical calculation is performed
under ideal conditions and the energy loss is minimal. However, the numerical simulation might
represent the energy harvesting capability of the turbine in general terms [11]. TSR = 3 produces the
highest trust coefficient and Cp simulation, with the TSR adjustment having a significant impact on
the operation of the ocean current turbine as shown in Figure 9 [22].
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Fig. 9. The overall Cp with various TSR

The result of simulation ocean current blade turbine 100 kW is showed Table 5. According to the
findings in Table 5, the turbine's design could create electrical energy at ocean current cut-in speeds
as low as 0.3 m/s, and at 2.2 m/s, the rotor power generated attained its design capacity of 100 kW.
Figure 10(a) is shown, the visualization of the distribution of pressure on the blade turbine at a
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velocity 2.2 m/s with the rotation of the rotor at 18 RPM. Pressure distribution on the surface of each
blade turbine has a different value that is due to the different pressure received in turbine geometry.
The highest pressure is at the root the of turbine, because it received a larger moment and gravity
force [4,23]. Figure 10(b) is shown, flow visualization at an ocean current velocity 2.2 m/s with 18
RPM. The Contour of velocity is shown maximum velocity on the above blade turbine, which makes
the blade turbine rotate clockwise. The clockwise rotation of the blade turbine is indicated the design
is correct.

Table 5
Simulation CFD Results
Velocity RPM Torque Rotor Velocity RPM Torque Rotor
Power Power
output Output
(kw) (kw)
0.3 5 406.50 0.24 0.3 30 14937.5 46.93
1.0 757.08 0.40 1.0 14693.2 46.16
1.6 1095.46 0.57 1.6 16218.8 50.28
2.2 1405.46 0.74 2.2 17282.4 53.58
2.6 1741.85 0.91 2.6 18639.6 57.78
3.0 2052.46 1.07 3.0 19648.8 60.91
0.3 15 3569.44 5.61 0.3 35 24296.5 96.68
1.0 4362.04 6.85 1.0 22210.0 88.38
1.6 4895.70 7.69 1.6 24213.8 96.36
2.2 5608.69 8.81 2.2 26651.8 106.06
2.6 6128.74 9.63 2.6 28102.7 111.83
3.0 6771.36 10.64 3.0 28440.9 113.18
(a) (b)
Fig. 10. (a) Pressure visualization at V = 2.2 m/s, 18 RPM; (b) Flow Trajectory at
V=22m/s

4. Conclusions

Studying the six places' technical characteristics and social-economic aspects have produced The
Larantuka Strait has the greatest potential for ocean currents. Computational fluid dynamics (CFD)
was used to design the turbine, with a 100 kW horizontal axis turbine capacity. The findings
demonstrated that the design of the turbine could generate electrical energy at low ocean current
speeds (cut-in speed) of 0.3 m/s and that the rotor power generated at the ocean current speed of
2.2 m/s achieved the design capacity of 100 kW.
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