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ABSTRACT:

Sirte Gulf bas a very important position for Libya, most of the

Libyan commercial and oil ports are located on its coast and according to

this importance, we study the current in the Gulf. It has been applied a

vertically integrated hydrodynamic model to study wind and tide driven

current in the Gulf, the results of the experiments show that the current

generated due to wind stress or combination of wind stress and tide

forcing is weak near the coastline while the current in the center of the

Gulf or farther from coastline is strong.

Introduction

Libya occupied an individual position by possessing five oil ports, all

that ports are located on the coast line, four of them are located in the

region which has a coast line extending about 300 krn on the Sirte

Gulf(Mohamed M. AI-Mahdy,1990), fig.(I)

.w
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Fig.(l) Gulf of Sirte. commercial and oil ports. 1- Brayqah port 2- As Sidar
port

3- Ra's Lanuf port 4- Az Zuwaytinah (Great world Atlas)

The Sirte Gulf itself exhibits a very large, concave appearance

within the Libyan coast. It extends from about latitude 32° 55 N, on the

northern edge of Libya, to about latitude 30° 15 N. on southern edge of

the Gulf, it has a coastline approximately 700 kilometers (434 miles) long

(salem, 1967)· Also it has a maximum depth (3580) meter [see the Bathymetry

of the

Gulf fig(2a)] (International Chart Series Mediterranean Sea, 1993)·
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Fig (2a) Bathyrnetery of Sirte Gulf

The four ports which are located on the Gulf are as follow

1- Brayqah port 2- As Sidar port 3- Ra's Lanuf port 4- Az Zuwaytinah

port. Except of Burayqah port and Ra's Lanuf port still right now the

importance of oil ports in Libya concentrates on an export of crude oil

while Burayqah and Ra's Lanuf have another importance similar to

industry activities after issues some new industry like liquid gas and

petrochemical. So that Sirte Gulf is regarded to Libya as the only

important marine way for export of crude oil and the industry production

to all world countries(MobamedM, AI-Mabdy,1990).And according to this

importance, it is necessary to study the current in the Gulf which is driven

by the wind and astronomical tide which in turn has an effect on the

navigation in the Gulf. So, in this paper, it has been applied a vertically
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integrated hydrodynamic model to study wind driven current and

cooperation tide in the Gulf.

Objective of this study

The principle objective of this study is to take some calculation

based on a numerical hydrodynamical model, of the respective effects of

wind and tidal oscillation on the currents in the Sirte Gulf.

Review of the model

Two dimension vertically integrated hydrodynamic models now

became well-grounded and have been widely used to solve a large

number of oceanographic problems. The application of these

models was by Jelesnianski (1962, 1966, 1967, 1970) in

prediction storm surge, the work of Fandry (1981, 1982, 1983 ) in

Bass Strat, Australia, and Davies (1988), a convolution method is

developed for computing the bottom stress in vertically integrated

hydrodynamic numerical model, also Estoque (1997) studied the tidal

and wind-driven currents ill Lingayen Gulf. In the different

research efforts to model circulation in Louisiana estuaries included

applications of a two-dimensional depth-integrated hydrodynamic

model to Terrebonne/ Timbalier Basin (Inoue and Wiseman, 2000),

Fourleague Bay (Wiseman and Inoue, 1993), Barataria Basin (park,

1998; Inoue et aI., 1998) and Chandeleur / Breton Sound (Inoue et al.,

2001). In all those applications, the hydrodynamic model has

been carefully tested and calibrated using the observed sea-level

and / or current data. In the final report of Coastal Marine

Environmental Modeling: Under Part II, a two-dimensional depth-
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integrated hydrodynamic model, that includes baroclinic pressure

gradient, was developed. This model has been applied to various

estuaries in Louisiana, namely, Terrebonne / Timbalier Bay,

Barataria Bay, Chandeleur - Breton Sound and Fourleague Bay. a

simplified version of the hydrodynamic model has been coupled

to a simple ecological model that includes suspended sediments,

nutrients and phytoplankton, to simulate a spring bloom in Fourleague

Bay. In this report, development of a high-resolution integrated

hydrology-hydrodynamic model of Barataria Basin was presented.

(Park, Inoue, William J. Wiseman, Jr, Justic, Stone 2004). The

indications of the accuracy of this model is the fundamental bases to be

used in this study.

Model description

We consider a limited portion of earth surface where the effect

of curvature could be neglected. The grid system is rectangular set of

axes Oxyz fixed relative to the rotating earth, with Ox and Oy m

the plane of the undisturbed sea surface Oz vertically upward.

Grid point along x and y axis is (38 X 24) with uniform grid

distance of (11.750) kilometer. The linearized equations of model

consist of the depth-integrated hydrodynamical equation which used to

describe the barotropic motion of a homogenous hydrostatic fluid

on f-plane in a shallow water basin are:-



42 AL-JAMEAI 17

• The continuity equation relating the rise and fall of the sea surface

elevation to the wind stress and a astronomical tide

as au av-+-+- =0---------------------------(1)
8t ax 8y

• The horizontal component of vertically integrated momentum equations

where (u,v) are the horizontal transport components of depth-averaged

velocity along (x,y) axis which defned respectively as:

t is time ; x and y the horizontal co-ordinates ; f is the coriols parameter

considered constant ; ~ and p are the elevation of sea surface above its
IV

mean depth and the density of water respectively; h is the undisturbed

depth of the sea; P, is the atmospheric pressure ; g the gravitational

acceleration ; (T ,T) are the components of wind stress ;
sx sy

( T bx ' Tby ) are the horizontal components of bottom stress resulting from

friction which are evaluated from the horizontal transport components u,v

which defined by

where k is the bottom drag coefficient constant
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The Numerical Model
The domain of interest as shown in figure (2b) land (soldlines) and

open boundaries (brokenlines) of the model are traced out on the grid

approximating as closely as possible those of Sirte Gulf which consists of

rectangular strip of coastal sea with dimension (38 X 24) along x axis and

y axis respectively and the grid distance is Ax = Ay = 11.750km
r-------------~---------------

.

.'

Gulf of Serit

X 1().

5 10 15 20
X 11.75 Km

25 30 35

Fig.(2b) The Domain of interest

the finite difference network is an Arakawa C type in which the

transport component U and V is evaluated at midpoint of y-direction sides

and x-directed sides respectively. While the sea elevation ~ and the still

water depth h is evaluated at center of each grid box figure (3)
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an explicit finite difference scheme, using forward time

differencing technique to solve for the temporal derivative of u,v and ~

and central space difference technique to solve for the spatial derivative

of u,v and ~ , is employed.

Tidal currents

The longest oceanic waves are those associated with tides and

characterized by rhythmic rise and fall of sea-level over a period of

several hours. The rising tide is flood whereas the falling tide is ebb. This

ebb and flow of tide is manifested in tidal current which can be

u u ~ UI..,

--f---V -

u

Fig.(3) The Arakawa - C finite difference grid
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very strong currents in semi-enclosed bodies of water which are

produced normally by astronomical tides.CopenUniversity)

The forcing function for tide-driven circulation is provided by the

semi-diurnal oscillation of the sea-level at opening of Sirte Gulf.

Following mathematic principles, any continuous function which is given

at every point in the interval can be represented by an infinite series of

sins and cosine function. The series is called Fourier series.

The truncated Fourier series

Where C; is the tidal elevation, N is the number of harmonic, p is

the period of data, t is the time. The truncating Fourier series (sinusoidal

function) given by this equation is then used to force the model at the

northern open boundary simulating periodic flooding and ebbing at the

Sirte Gulf.

Because there is no observation data in the Sirte Gulf, the data

used in prescribing the open-boundary tidal elevation come from a

selected seven-day period of simultaneous hourly data (the data obtained

over a period of one month from predicting tide at Al Brayqah port from

Admiralty EasyTide website (Admiralty EasyTide)). The semi-diurnal
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oscillation of the sea level at the opening of the Gulf corresponding to

seven days of predicting data is shown in fig. (4)
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Fig.(4) predicted tide at AI Brayqah port (Admiralty EasyTide)

Results and discussion

During the numerical experiments the following parameters

were held constant. The coriolis parameter takes the value f

=7.728358xlO-5 corresponding to approximate mid-latitude of 32N. the

value of bottom friction coefficient k = 0.003 is a generally accepted value

(e.g Flather; Mortinsea et al ; Brettschneider 1967) , Acceleration due to

gravity g = 9.81ms-2, water density p =1025 kgm". The time step of
IV

30 seconds is chosen to satisfy the Courant-friedrichs-lewy stability

criterion



~'''''I'''' 111""II'_,III.,IIua.w -----=---- .......~~........~~~~~~"'!III!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!l

47
Model for Theoretical Stusy of Currents in hge Sirte Gulf

The experiments performed can be divided into two separate

categories wind driven motion and wind tide driven motion

1- wind-driven motion

Results of Numerical integration corresponding to the response of Sirte

Gulf to diurnal variation of observation wind stress without tide,

distribution over one month (wind observation data every 3 hour which is

taken from station of Ajdabiyah for month of August) are depicted in

figures (5-12). The figures represent 48 hours at model integration. The

results are obtained at 3-hourly intervals starting at (0600 GMT) in the

morning. Figures (5-12) show the results of current field induced by wind

forcing. The shape of the current represented by arrows is quite interesting

in reference to the direction of wind stress. For time 0600 no current field

can be noted at this time so we didn't present this figure. Looking at

fig.(5) for time 0900 GMT we can notice that the current corning from the

middle of the Gulf towards the south diverges to the right and left towards

both sides at the Gulf before it reaches the southern coastlines forming

two gyre with anticlockwise and clockwise circulations respectively with

a maximum wind speed of Sms'. Within each circulation, the current

speed is weak in the centre while the Current speed near the southern

coastlines has a minimum speed.

In fig.(6) the current speed is changed little at some points

although the max. current speed remains approximately the same.
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Fig .(5) The generation of current in Siret Gulf by wind. Max ~Current (5) m/s
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fig. (7) shows that centre of the right gyre moved toward the right

coastline and the current speed on the left side of the gyre is stronger than

that on the right near the coast while the left gyre starts to 'dissipate and

loose its shape and the current curves parallel to the left boundaries.
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Fig .(7) The generation of current in Siret Gulf by wind Max. Current (7.8) mts
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Fig.(8) The g,eneration of current in Siret Gu~ by wind. Max. Current (12.3) mls

fig. (8) is similar to fig. (7) but the current speed increases to reach

maximum current speed of 12.3 ms' towards the left open boundaries.

In fig. (9) the current speed increases to reach a maximum speed of 14.7

ms" and the right gyre starts to disappear completely.

t- --
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Fig_(9l The generation of current in Siret Gulf by wind. Max. Current (14_7) m/s

5 10 15 25 30 35

fig. (10) the current flows from the right open boundaries toward

the centre of the Gulf where it changes its direction toward the southern

coastlines before it reaches these lines it changes its direction towards the

left open boundaries with a max. current speed 12.8 ms" taken the shape

of the Gulf while the current speed near the right coast lines and the right

part of the southern coastlines is minimum.
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Fig. (1 O)The generation of current in Siret Gulf by wind. Max. Current (12.8) m/s

fig. (11) is not different from fig. (10) but the current speed

decreases to 10.3 ms-l representing the generation of current on the next

day. And in fig. (12) the current speed is further decreased to about (7.7

ms')
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2- wind-tide driven motion

In the presence of tide forcing it is of interest to note that the

combination between wind stress and tide forcing results into new

features that is different from that of wind stress when acted separately

Figures (12-16) show the generation of current due to combination of

wind stress and the semi-diurnal tide oscillation. Following these figures

we can note that incoming tide (flood tide) persist for a period of 6 hours

this is followed by outgoing tide (ebb tide) during the next period of 6

hours. fig. (13) illustrates the outflow of the domain and we can see the

strong current increases forward to the north of open boundary with

maximum current speed 19.6 ms-l while the current speed along coastlines

is weak. fig. (14) and (16) for 1500 GMT and 0300 GMT next day, we

can see the current inflow through the open boundary with current speed

29.2 ms" and 39.5 rns" respectively. fig. (15) and (17) we

can see the current outflow convergence occurs
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Fig.(13) The generation of current in Siret Gulf by combination of tide & wind.
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Fig.( 14) Th e generation of current in Siret Gulf by combination of tide & wind
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in the middle open boundary with maximum current speed 19.8 ms-1

and 27.7 ms'] and the current along the coastal is weak.
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Fig.(16) The generation of current in Serit Gulf by combination of tide & wind.
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Summery

In this paper we used a vertically integrated hydrodynamic

model to study the influence of wind stress without tide forcing and the

combination of wind stress and tide to generate current in the gulf of Sirte.

The results show that the current near the coastlines is weak in both cases

when the current generated by pure wind or the current generated due to

combination of wind stress and tide forcing

The current in the centre of the domain or farther somewhat

is strong and its direction is changing depending on the effect of wind

stress direction also the current speed which is generated by combination

of wind stress and tide forcing is higher than the current speed generated

by wind stress.

,·\ __ I\_1.:._A ~~~:i...u.J.I\4..J"b.L=...l\.~~\l1 ;\w~ w _.\.;. ...LsJ ~ r-- ~ ~ ~.~~~. r...r ~ C'" . (,_-~ Y-" C:.~ ~

4..u1_)~u-o ~'l ~ \II ~ u-o 1j)lb.j1_J .4..b.L... ~ ~).~.:llI_J ~I ~~I

(vertically integrated ~~ya.i ~ ~ ~~.~ ~~I wl)~1

~~} A..h....\_J:l o_JA~\ ~ wl)~l\ ~ji 4..u\_)~ hydrodynamic model)

~\ t,?jj\ (Tide)_)~\ c.)l4j~)'4 cyy\ ~~J A..h....\_J:l LS_?\ o_JA_Jcyy\
~\ wwW\ ,~~ .AI W ~ wwGJ I-• ~ ~. ...rY r- _Jl-4 ~. (.S""'-

~ _J~\, 9' ..,ii<l ~ ~~ ufo U:PJw\ ~ wl)~\ u4 ~lill\ ~

~l..J\ ~I..ll.al J)::. ~ ~ ufo_J~l..J\ uc ~\ ~ o~\ t_}bw.J\
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