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Abstracs—Study on marine currest with approach of & numerical
madel for marine curvent power plant (PLTAL) i the Bangha
strait North Sulawesl has bern lnvestigated. Construction of
pewer plant is nceded (0 overcome the shortage of clectricity in
North Selawest. Before building the diectncal energy # would
rogquire 3 feasibility study which sim (o cmsure the cortuinty of
the construction of power plant. One of them is through the study
of marine currents in the design of 3 numericsl model. The
shjcctive of this investigates for longterm s to get 2 profile of
marine current turbines a5 one component in the construction of
marine current puwer plant in the Bangha strait. Speafic targets
o achicve are (o got the first; dats sech s thde, sca water and air
tempersture oo the surface, the wind speed above ses leved, a2
map of the Bangha Strait and bathymeiry, the secund; 2 design
of mumcrical medel and kinctic encrgy distributions. The methad
wsed was imitially ldersture staddy, survey i the research
lecation, messurcments of dats such s tide, temperatures of sea
water and the sir shove the surface, wind speed aboave sex leved,
bathymetry of the Bangha strait, finully are the snalysis of data
messurements and design of 2 sumerical model in the Torm of
sumenical program. The results showed that the data tide from
Jawunary 16 watil Februsry 21, 2016 the mazimum and minimum
of L4 m and 03 m respectively that sscillates af datum line of 1.2
m. Numericsl pragram developed from the semi implici fimite
difference methad for challow water in two 3nd three dimensions
by the basis slgorithm that consists of throe fractionsl sepn are
sdvection sep, diffusion step, and proswre-continuty step. The
sumerical program will be & prodect i amalyzing potential
Kinetic energy a4 the prime mever af turbines for marine currest
pewer plant in the Bangka strait.

Keywords—numerical modeling, mumericel vnmmlation, werine
current turbines; PLTAL

Ferry Jhony Ssngan

I INTRODUCTION

Development of electnaty power plant 15 a part of a whole
development wm North Sulawest because the dectrnicny
consumption would go up along with the incressing of public
activity and a prosperous people (as the economy has grown
rapndly i North Sulawes: the last years, 50 has the demand for
clectricty) Public wtlizes clectnicity for many purpose such
as houschold roquitement as well as ecconomics tade
Therefore supplyving adeguate amount of dectnaty and
eastence of conumuties clectnaity power should help w
muntamn conducive social and ecconommic activity, and 1o
motvate public economic growth  When the electnoaty s
insufficient, the electrcity power will be put out to balance the
supply for consumer Putting out of elecancity has been
occuming several times in North Sulawesi this case has
influenced by the development and mvestment

The ideal locations for power station nstallation of the
current encery have velocmies of curremt two  directions
(i bidirectional) 2 mis [12] The weal 13 25 mis o
more One way (nivercarrent of geotropec) 1 mimemum | 2-
1 5 m's The deepmess not less than 1S m and the most at 40 or
50 m Close to coast so that energy can be channeled with low
expense They have add for wide that more than one turbine
can be attached, not sea transport and the fish arrest area.

A numencal model of marme currents n Bangka swan
used a semi-imphait frmte difference method for the numencal
solution of three-dmensional shallow water flows. Several
mumencal methods with solution of shallow water equations
are used in practical applications [3), [4). [7] lnw
methods only the barotropic pressure gradiemt in the
momentum oguations and the velocty divergence m the
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contmuity equation are taken impliatly Each tme step @
linesr five-diagonal system is solved m the new water surface
clevations for the entire domain are the unknowns The model
is genenally explicit with the exception that the vertical eddy
viscosity teems are discretized implicitly. In the model
formulation the goverming system of equations s split mio an
external and an internal mode [2) Momentum exchanges
between verncal layers arc expressed m a set of tri-diagonal
matnx equations relating the discrete horzontal velocities n
each vertical level to the gradiemt of the water swiface
clevations [11] A formal expression for the solution of these
ur-diagonal systems can be wnitten in terms of the barotropic
pressure gradient Substituting the formal solutions mto the
vertically integrated continuity equation gives nsc 1o a lincar
five-diagonal system whose only unknowns arc the water
sutface clevation over the domam of mierest. Such a system 15
symmetne and positive definite and can be solved umiquely
and efficently by using a comjugate gradient method By
direct substitution of the barotropic pressure gradient known at
the advanced time level, the horrzontal velocity for each
vatical layer can be computed The vertical wvelocity
compovent can be found by integration of the contmuity
equation. This paper is more majorng 1o study the velocimes
of current and know the avalability of kinetic energy m the
Bangka Suait This study 15 imtended for the mstallation of
nwbmes m the place more adapted strait in order to provide
elecinical current to the cose environment

The obyective of ths investigates for long-term s to get u
profile of marine current turbines a8 one component in the
construction of maring currenit power plant in the Bangka
strait. Specific targets 1o achieve are 10 get the first; data such
as tide, sea water and ar temperature on the surface, the wind
speed above sca lovel a map of the Bangka Strast and
bathymetry, the second. & design of mumencal model and
kinetic encrgy distnbutions

M MoODEL BOUATINS

A Basic equations

Under the assumpuons of hydrostabc presswe. and by
using the decomposition of precedmg Reynolds, the realized
average Navier-Stokes equations are written [6]

Continuity equation
JF.N-H'" n
dr dy =
AMomentum equatnm
%.i%¢9%oi§%=-g-—om" pul[h’)’ol v )
F O I . d — =
:on-a—'orxtus -gﬁoh“ﬂ(r]}-l,,. 3)
Free surfce equation

4)

\Vh-e,.,‘ s an effective diffusion wmking of accoum
ubdemvmnymdchpunmy'-yn-. Ths effective
diffusion is given by means of a model of turbulence adapted

1o the problem considers Equation (1) to (4) will be those
considered i the continuation of the report.

Power s just energy divided by ume so the power
available from the seawater current | 13]417] can be expressed
as

K V.o 5
’ “ )p K
Where, P &5 the power available from the scawater current in
Wan

In this study we will calculate the power of manne cusrent
in the Bangka strait per unit cross-sectional area (m?), thus,
from equation 5 we can be obtam:

r ' » -4 6
P,z;-spvlu (6
Where, P, is the power per cross-sectional ares in kW/m” and
v is the velocity resultant of matine cutrent that defined as v =
Jitsvi i withll, V and W respecuvely are scalars of
the velpatica @i, ¥ and W cospectively, and p = 1024 kg/m’
[18] (at 20 (C) and salimty of 34)

B Turbwlence model

A formula for turbulent viscosity is the standard form s
defined from the mixmge-length model with assuming
(dw 1 22)" ec (da (30" 4 v 1 Ap 1" dw 1dy oc dw iz o0
dw da w< du iz for shallow water Mows wheto verucal
velocity w is small was used by Stnsby (9] and Cen [4] The
oddy viscosity is computed st each point from the horrzoatal
and vertical component velocity gadients and length scales
for honzontal and verucal monon, mving a formula for
turbulent viscosity as:

‘[ [u-—n zu"') *(i'-'*éb ]u{c——) o™

for L =wiz=nm), for (zayh < W, L~ M, for s =< (ea)h <
I, and 4, = B 1., for the hornzontal leagth scale 15 larger. where
% 5 the von Karman's constant (x ~ 0.41), A 15 a constant (A =
0.09), (#n) s the distance from the wall, & s the boundary
layer thickness assumed (o be oqual to the water depth, /, and
I, are the vertical and horrzontal length scales. and the
constant [} has to be determined from companson with

cxperiment.
" Bowndary conditions

For the problem studied mn this paper. some types of
boundary condittons are requied These are imposed as
follows: (1) the boundary condihons at the free surface are
specified by the prescnibed wind stresses of duections x and y,
and u shp boundary du/ds - ov/dr <0 (n) the boundary
conditions &t the bottom stress can be related to the uarbulent
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law of the wall, adtucndﬁocumwdmdiml
Chezy formula [2]; (1) the boundary conditions for veloaity
on a salid wall s a no-dtpenuhumlbl.mdunlheopm

which derived from Orlanski’s algonthm [10)

1T NUMISUCAL MODEL

Semp-tmphicn finne difference method for the numencal
solution of the three-dimensioml in (1) to (4) was used by
Casolli & Cheng [2]. Stansby [8). and Chen [5] in the

of shallow water flows. Equation (2) and (3) will
be derived in which the gradient of surface elevation i the
momentum equations and the velocity in the free surface in (4)
will be discretized implicitly. The convective, Conolis and
horizontal viscosity terms m the momenmum equanons will be
discretized exphatly, but i order w elimmate a stability
condivon due to the vertical eddy viscosity, the vertcal

e e
= 0 =

B

Wb =

A g

R —— -

uuxm‘luuwlllbcdw mphicitly
Fyg | Schematic duagram of compueations! mesh and noianons

Fig | shown that a spatial mesh which consists of
rectangulyr cells of length Ax, width Ay and height Az is
introduced Each cell is numbered at its centre with indices 1, /
and A The discrete n-velocity 15 then defined a1 half-imieger 4, /
and k; v & defined a1 miegers 1, k, and half-mieger 7, w s
defined at mtegers 4, 7, and half-integer & Then 7 15 defined at
mtegers {and / The water depth ix.y) is specified at the w and
v horizontal points So that a  general semi-implicit
discretization of the momentum equations in (2) and (3) can
hmm&-mmpmmfmu

AL Uz, =G, -z—(’h., 0o Az, )
. .y o _ .l .a )
i1 ‘Ay("lnl "'. h’l el

-l . Iv." 4 =Gn.|v

“an

where U, V. AZ, G and A are defined as

Rl
urol 1N
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LR N )

u a.o.ll 1. v ~"."|

1. AN =3

. Az,
Az, ,

-v) LAL)
Yisan =1 Viiirna-3 -
Azy .

'AZ =

Az

(Az, Ful,
a:UJ’:. O:I 2N~
A‘u-x""..-- 1)M~]
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Gv.cl :.‘

Az Fu [,
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Where m and M denote the k-mdex of the bottom and the top

finite difference stencil respectively, C. 15 the Chezy's finction
coefficient, 7" and ¢ are wind stresses, and # 1 non-hnesr

finite diffcronce operator and an explicit

Equation (8) and (9) are linear m-diagonal sysiems For
determine the free surface l]"‘um(l)mhewnﬂmmlh

matnx notatuon form
n =y -2 laz, Yoz, -z ez,

(10)
v -t v
'A_yku.m J'V.,.. .-W‘_-‘v,)' n-ull
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The vertical component ol the velocity ; ut the new e
level can be discretized from the contmuty as i (1) becomes:

- - - Dot
Az, hlam 2.0 —Aa=r, ¥

- - — i .
Woanis "W e ann
- ol ] .. -l
Azl Ve =85 LoV i

Ay

Where, A m, ;| M, and the no-flux condition across the
bottam boundary is assumed by taking 57, <0

The available energy that mvestugated m this study 15 the
available power per m’ (kW/m®). The first, we will back at the
cquanon of the avalable power which 15 equation of the

marine current power in the Bangka stait can be discretized
from (6) become

P= 2= "z" v (12)
Whiere /' 15 the manne current power (kinetic energy) m the
Bangka struit in kWin® and o' - i 477 4 W s velocity
m m‘*a‘!".":‘.,‘.:“"«vgél;:‘;';::..)‘ “

W= -;-("""". | are scalars, respectively

IV RESEARCH METHOD

The method used was mitially literature study; sorvey m the
research location, measurements of data such as tide Jamzary
and February, 2016), temperatures of ses water and the ai
above the surface, wand speed above sea level. hathymetry of
the Bangka strait. finally we the amalyss of daa
measurements and design of a numencal model in the form of
numencal program

Fig 2 shows steps of a numencal model in calculsting the
velocities of 7, Vv and W respectively and the power of
marine current in the Bangka strait per cross-sectiomi] area

YV RESULTS AND [¥SCUSSION

Thse Bangka stout s located between the Pacific Ocean and
the Sulawes: sen whose ares s approxmately 200 km® (Fig
4), with ¢ oummum width between Sahaong foreland (in
Bangka wland) and Mokotamba foreland (in Likupang town)
about 5 5 kms and down to 59 meters deep (the average depth
of 40 m)

The three-dimensional current circulation n the Bangka
strait is simulated using the present model with a 174 x 318
finite difference mesh of equal Ax = Ay = 60 m The numencal
solutions have been achieved using four verncal layers and an
imegration ume A7 = | sec, and let volume transpores at
sections A and B (see Fig 4) are 0025 Sv, 0.1 Sy, 0.3 Sv and
0SSy

EOR R ————— - —————
C——

Vig ¥ Tides messurement resudts of the Fungis stra

Fig 3 shows a result of the tide mensurements in the
Bangka strait from January 16 to February 21, 2016 The types
of tdes are mixed type. in particular senudiumal type and
diurnal type was only occurred on February 9. The tdal range
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varations were taken place between 0.3 m o 1 9 m The tidal
period varations were between 10 h to 20 h. The moamum
and minimum of 24 m and 03 m respectively thut oscillates at
datum line of 1.2 m The udes data were obtained by direct
monitonng of water fevel (| b intervals) using @ ude gage The
fust day measurement on January 16, 2016 was started at
01.00 am unttl 0000 pm Measurements of ude on second
days unnl days 37* were paformed as the finst day
messurement. The results of tide messurement on January 18
2016 which lower low water at level 0.3 m and highest hugh
water at lovel 2 m while higher low water at 0.6 m and lowet
high water at | 8 m The variation tidal tange was obtained at
12miw |1 7m The mimmum bdal range was occurred at
03.00 am to 08.00 am at level 1.2 m and a maxymum that
occurred at 0200 pm 10 0500 pm at level 1.7 m. The
varabon tidal period was taken place between |1 to 12 hours
The summum wave penod was ocomred durmg 11 hours at
03 00 am to 02 00 pm and & meamum was ocourred during 12
hours st 08 00 g to 08 00 pm

In the 3D-sumulations. we also have made two types of
simulations with four varanon of discharge The first type, we
also have conducted when low ude curremt where eoach
simulanon has conmderate with constant decharge mude In
sccond type. when high tde currents wath same condition
discharge as i first simulations Parameter of entry discharge
we also have made vanes from 0025 Sy wo 05 Sy with
classifications are 0025 Sy, 0.1 Sv, 03 Sy und 05 Sv (| Sv
Ix10Ff m'/s) For the other parameter, we can see in table |
Messurement tesulls m the area numencal such as
temperatures of sea Water (T ) and the ar above the surface
(T of 20 C and 29 C respectively

Fig 5 illustrates the hathymetry of the Bangka strait used
for numerical simulation The water depth distnbutions show
the complex arcas where maximum depth of 69 m (between
Bangka island and Likupang town)

TABLE D NUAGIICAL PARALS TER fom D=5 LA TION

Parameter Value Parameter | Value

f 4 98l ms™ y —— 1024 kg/m’
& 48 Ax &0 m

L 2 days Ay o0 m

r, | day Az 20 m
Discharee vatiahle A | sec

| p—— 20C T 29C

The dmsinbunons of the available power per m™ (kinetic
encrgy ) when low tide currents (3D-simulation) shown n Fig
6 Dhscharge mfluence to the available power 15 very big
where ever greater of discharge then ever greater also power
avatlability ltke in 2D-simulation At discharge of 0 025 Sv (a)
shows that there are about | 55 Wim' available i around
section A (see Fig 4) whereas S350 W/ m*at 0.1 Sv (b), 0.5-
10 kW/ m" at 0.3 Sv (¢) and at 0.5 Sv (d) availuble of 145
kW/m* which i1s mucomum discharge

Also, when high tde currents in Fig 7, we found around
section A where the power avatlabiliues per m* are maamal
Genenally. there are about 29 W/m' ar 0.025 Sv (a), 5550
Wim' at 01 Sv (b). 0516 kW/m* at 0.3 Sv (¢) and 1-77
kW/m® at 0.5 Sv (d) power availabilities per m* in the Bangka
strait which the values are begger than in Fig 6 We also can
scc that the two when low and high tide currents where can be
concluded thut biggest values ate af section A

Fig 4 Locaton of the Flangka stzast m Indoncsis snd rusmcnical sres

Fig §
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The results showed that the numencal program will be 2
product in analyzing potential kinetic encrgy as the prme
mover of twbines for marine cuwrent power plant in the
Bangka strait.

VI CoNcLtisaons
A numenical semi-imphait finnte difference models for the

tide currents, avatlable from 0.5 W/ m” until 45 kW/m® and
from 0.5 Wi until 77 kW/m™ at high tide currents. The
wvalues obtained by @loulutions will be enabling to choose a
suitable place for mstalling the wrbwes adapted well for a
future undersea clecincity power plant m the Bangka swrant,
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