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This paper presents 4 numenieal smulation to desaribe the velocities of marine carrent in the Lembed stra,

North Sulawest. Indonesia Thise velocities ware wsad 1o muke the twbine profile m the manne cument
turhines. The RANS calculations were performed i 1t modelling. The torbulmee moddl using the 3D
muixmg-length mode! for shallow water flows (hat the vatical velocities are small  It's found the manne
current velocities cm be used to design of the marine current Wwrbines in the power plant installation. The
power denaty maximim capacity in the small zone of Lembeli strait by the numenical measurement resull 1
%2 11 KW/’ which enable to the power plant installanon i the future

1 INTRODUCTION

The study n the Lembeh stran 1s conducted (Hads e
ol 2015) o obscrve the relationship between
morphological and species diversity of sponges in
coral recf ccosystem in the Lembeh Strait and to
investigate the most influential factor of habitat on
the sponge diversity. The study 15 not investigated a
numerical model and s simulation. Also, m study
{(Dwmovantyo e o, 2017) s only to determine
sodiment concentration flom measured acoustic
the Lembeh strait. Atmojo e o (2017) arc
conducted experiments and mumerical simulations in
Lembeh strait. The results arc showed that i the
Lembeh straut enable o applicd farmmg method of
some turbines.

The numenical models and its simulations of
marine current are used by rescarchers to find
velocity distributions. The validation of a numerical
model s studied by (Rompas er ol 2017d) for
analvzing kinetic cncrgy potential in the Bangka
strait, North Sulawesi, Indonesia  Rompas and
Manongko (2016) are studied the numerical
simulations of marine currents in the Bunaken strut,
Northt Sulawest, Indonesia They study are 1o get
simulavons of the velocity and kinctic encrgy
distnbutions. A numerical model is got by (Rompas
et al, 2017b) who described the velocity

distributions of marine current in the Bangku strait
by using RANS (Reynolds-Averaged Navicr-Stokes)
equations. The approach of a numencal model s
conducted (Rompas er al, 2017a) to study on manne
cunrents i the Bangka strmt, North Sulawesi,
Indonesia to plan the marnne current power plant.
The same study is conducted by (Rompas and
Munongko, 2018a: Rompas and Manongko, 2018b)
w the Manado bay but (Rompas and Manangko.
2018b) presenied on the free surface by mumencal
modelling. Rompas er of (2017¢) arc designed a
numerical model for predicting the velocitics and
kinetic encrgics by conditions at low and high tide
currents with two discharges of 0.1 and 03 Sv,
respectively. Study on tidal marme currents has
conducted by Martmez er al. (2018), Badshah er af
(2018), Fraser ef al. (2018), Bishoge ef al. (2018),
Lust ¢/ al. (2018), Frost ¢ al (2018), and Dai e1 !
(2018) which cxplains that manne cuments cm
produce clectrical energy through the velocity of
marine currents that dnve tidal turbines. They are
used the modcls of numencal and experimental.
Study on modelling and numenical simulations of
marine currents by using CFD (Computational Flusd
Dynamics) has investigated by Schuchert of al
(2018), Vogel er ol (2018), Gong ef al. (2018).
Bonar er al, (2018), Nucmberg and Tao (2018),
Hachmann ef ol (2018), Brown ¢f ol (2017), Lo



Brulto et al. (2016), Malkt e al. (2014), and
Tumock ef al (2011).

The objective of the study 15 to get a numerical
simulation of manne current in the Lembeh strait,
North Sulawest, Indonesia for the goal making the
turbine profile that used in development of manne
current power plant in the Lembeh strait in the
future,

2 METHOD

The RANS cquations that arc deformed by the
Navicr-Stokes cquations after turbulent averaged
and assumed the pressure in the depth is hydrostatic
(Rompas ¢t al, 2017¢). The numerical model is used
the semi-implictt finite difference to solve 3D with
the 3D mixing-length model for shallow water flows
that the vertical velocities are small.

Figwe |- The map of the Lembeh strait

Figure 2 The hathymetry of the Lembel atrait

Figure | shows the map of study i the Lembeh
strait, Indoncsii The zone of numencal model is
located between Lembeh Island and Sulawesi Island

on 125°117 15,957 E-125"17"21 98"E and
125'47.65™N-1"32'52.29".

Figure 2 shows the bathymetry in the Lembeh
strait with the maximum depth of 140 m and at the
small zone is average of 15 m depth and width of
S50m
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Frgure 3. Flowchat of 3 numencal model

Figure 3 shows steps of a numencal model for
the caleulation of welocity distributions by using




Fortran 90 application programs. The mput and read
data is the process to read all dota and the
caleulation of parameters needed for calculation of
the velocitics m dircction axes %, v, and 2z
respectively mcluded maximum time (o do iteration
that using the all of parameters as cxplained in
Rompas ef al (2017c). The begmming condition is
the all of variable as beginning velocitics is zcro
meluded calculation 1o Tecplor 9 application
programs which is an application for simulation. The
seawater depths are generated by the vertical mesh
using Argus One application programs. The layers of
vertical axis (depth) are generated by indexing and

ing index of boundary layers as denote for
deformation of the meshes. The discharge and
average velocitics we calculated to begmming
conditions in caleulation the velocities,

The “n” symbol shows the calculation quantity in
fleration to do the caleulation process unul
maximum icmtion. Determination  whether 2
program can proceed o velocitics calculations
needed 1o process of the advection. The using of
model wrbulence refers to Rompas ¢f ol (20172)
with 3D mixmg-length models. The free surface 15
calculated by using a lincar five-diagonal system to
get the seawater surface clevation. In the other hand,
the components of velocitics (U and V) arc
caleulated by using a Iincar three=diagonal ncluded
for calculating the convectnve and viscous term,
whereas for caleulating velocity vertical W used
equation in Rompas and Manongko (2018b).
Fnally, the calculation results as the velocites (U,
V, and W) prnted to simulations in the Tecplot 9
application programs. I itertion is not maximum
then the process back to “n™ to do the process again,
and if iteration 18 muximum then calculation stop

The welocity distnbutions are calculated by
numencal computational at the conditions of low
and high tide currents. The conditions are conducted
by Rompas and Manongko (2016), Rompas and
Manongko (2018a), and Rompas and Manongko
(2018b) in the Manado bay and by Rompas ef of

(2017a), Rompas o al (2017b), Rompas e/ al
(2017¢), and Rompas ¢/ al (2017d) in the Bangka
strait

Power density of manne current can be
calculated by cquations (1) and (2) respectively
{Rompas ef al, 2017a).

Py=05pV*10~ (n

where, Pnsgowcr density per cross-sectional arca

in kW/m" and V is the welocity resultant of
marine current, V= Jit 4 +w’, U, V, and W
respectively arc scalars (numencal equations), and p
= 1024 kg/m’ (at 20 C and salinity of 34).

The results of print which are calculuteed by
numerical then used 1o process simulation by using
Tecpior 9 application programs. The simulations are
resulted 2D-simulated of velocity distributions when
low and high tide currents. The results of simulation
amalyzed by compare to the results of other studics.
Then, the results concluded 1o reveal the conditions
of manine current in the Lembeh steant.

3 RESULTS AND DISCUSSION

Figurc 4 shows the velocity distributions when low
tide currents at discharge of 0.1 Sy (1 Sv= 1000000
m'/s) (Rompas ¢t ad, 2017¢). The results are showed
that velocitics m around small zone are different to
big zone That's because flow of manne current &
blocked by the small zone. Also, the perpendicular
cross-scctional arca passed by the current is very
small {average of 8250 m”) comparcd (o the other
zone, so that the velocitics of current become large,
Figure 5 shows the velocity distributions when high
tide currents at discharge that same as Figure 4. The
ligher velocities are showed on the small zone with
the perpendicular cross-sectional arca is so small.



Figure 4° 2D-simulated of veloaty distributions when low
tide currents

Figure 6 and 7 are show the velocitics in around
of small zone are varied from 0,00-5.09 m/s (when
low tde currents) and when high tide curremts of
0.004,59 m/s (Figure 8 and Figure 9), Both of when
mside and outside the small zone, the velocitics arc
become small and between the small zone become
large. The results are greater than Atmojo of al
(2017) who study of marine current encrgy potential
m Lembeh strait by using numerical simulations of
sofrware workd nde 2009, Likewise the results from
Rompas and Manongko (2016), Rompas et al
(2017), and Rompas and Manongko (2018) by using
the numencal simulations of Fortran 90 and tecplol
9. The current movement 1s straight not only before
enter the small zone but also after out of the small
cone (Figure 7 is cnluged from Figure 6 which is
marked with red color rectangle), while in Figure 9
{enlarged from Figure 8 which is marked with red
color rectangle), the current moves before enter the
small zone with the duection to Northwest and
living the small zone to West

Figure 5 2D-simulaled of veloaty dustnbutions when high
tide currents

LL A

Figure & 20-mmulated of veloeity valus distabutions
when low tide cunrents



The average velocity before enter the small zone
is 4.00 nvs at the low tide current (Figure 7) and
when the high tide corrent is 4.00 m/s (Figure 9)
When the currents living the small zone, the average
velocity at low tide currents is 450 m/s and when
the high tide current of 4,00 nu's,
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Figure 7 2D-smmuluted of velocity distnbutions when low
tide currents in arotnd the maximun velocilics

s

Figwe 8 2D-sumulated of velocity value distributions
when hgh tde currents

The results are showed that manne currents that
flowing in around of small zone when low tide
currents anc different when high tide current. The
vatoes when low tide currents maore than when high
tide currents

The result will be used to moke the turbing
profiles. The marine current potential for power

plant installation is the small zone that the current
velocities are biggest (Figures 7 and 9 that showed
by the red color rectangle). In this zonc, the
maximum capacity of power density that mstalled by
farm turbines (Figure 7 shows maximum capacity
greater than Figure 9) is $2.11 kW/m®. The results, if
comparcd by Atmojo ef al (2017), Rompas and
Manongko (2016), Rompas 7 ol (2017), and
Rompas and Manongko (2018) wre greater The
results are enabling to develop marine currenl power
plant at the small zone (Figures 7 and 9 in arcas the
red color rectangle) m the fiture

Figure 9 2D-simulatal of velocity distnbutions when high
tide currets in arotnd the maximum velocitics

4 CONCLUSIONS

The numenical stmulation of manne currents in the
Lembeh  stmut, Nonth  Sulawes:, Indoncsia was
successfully studicd. The velocity distributions when
low tide curremts arc different when high tide
currents include the values of velocity distributions
which the valucs when low tide currents are bigger
than when high tde currents. The values are can be
used to design manne current turhines. The capacity
of power plant by the numencal messurement is
enable to mstall marine current power plant af the
small zone of Lembeh strat, North Sulawesi,
Indonesia in the future.
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