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Diffraction of long period water waves around Mauritius island
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Using Green’s function, the Helmholtz equation with Sommerfeld condition has been solved nu-
merically, to compute the diffracted wave potentials in a wave field. Software DIFIS is developed to
evaluate the diffracted wave field around the Mauritius island for the storm waves arriving from
south, southeast and east directions. The diffraction coefficients exceed 1.5 along the southern and
eastern sides, and they vary between 0.4 and 0.9 along the western side of the Maunuus Island The
effect of diffraction is negligible for the wave periods exceeding 600 s.

The waves while propagating from deep water to
the coast, undergo changes in wave height, direc-
tion and celerity due to shoaling, refraction, bot-
tom friction and diffraction'. The diffraction of
water wave is a phenomenon in which the energy
is transferred laterally along the wave crest and it
occurs when a chain of waves is interrupted by a
barrier. In case of offshore islands, the study on
the diffraction of long period waves such as tsu-
namis, tidal waves, storm surges, wind set up, etc.
is very important in protecting the coasts from
flooding and inundation. Using different methods,
studies have been made in order to understand
the . diffraction around large cylinders and
islands?~'% In the present study, a software for
diffraction around island (DIFIS) has been deve-
loped for numerically solving the diffraction equ-
ations and has been used for estimating the dif-
fracted wave field around the Mauritius island.

Study Area

Mauritius island is situated in the .southern
tropical belt of Indian Ocean, about 800 km east
of Madgascar island, and at the south end of a
long submarine ridge that extends from Seychelles
(Fig. 1). It is approximately elliptical in shape,
with a coastline of 200 km. As most of the shore-
line was reached by the lava flows, sea cliff exists
only where coral reefs are absent, in sector along
the south and west coasts. Elsewhere reefs, reef
flats and lagoons are present with varying width.
The waves show monthly mean significant wave
height around 2 m except June to August, during
which they exceed 2.5 m. The monthly average
zero crossing wave period varies between 8 and

9s. During cyclonic days and high spring tide,
rise in water level considerably increases the wave
activities on the inland beaches. The tides in this
reglon is of semidiurnal type, with an approximate
spring tidal range of 45 c¢m, and neap tidal range
of 10 cm. Mauritius island receives miore than

80% of the wind from southeast and cast and oc-.
casxonally from other directions. Mauritius island
is situated in the Inter-Tropical Convergence
Zone, which is often exposed to troplcal cyclones
in the southwest Indian Ocean.
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Fig. 1 — Location map
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Methods

Governing equations—When the wave field is
defined as shown in Fig. 2A, based on linear
wave theory, the governing equations for diffrac-
tion analysis are given by,
(i) Helmholtz equation:
V2p+k*6p=0 : (1)
where, V2=(9%ax®)+(F/ W) +(F/dz?), ép=
diffracted wave potential, k=wave = num-
ber=2z/L and L=wave length.
(ii) Sommerfeld radiation condition:

lim,-.,r'"*{(8¢ /dr)— ikp ,)=0 . (2)
where, r=distance of the point and i=/ - 1.
(iii) Boundary _condition: a

(G p/an)= —(0¢,/0n) - (3)
where, n=normal to surface and ¢,=incident
wave potential.

Solution:

The boundary value problem governed by above
Eqs 1-3 are solved by the method of Green’s func-
tion3, Following the Weber’s solution to the Helm-
holtz equation!3!4, the diffracted wave potential for
any point F, exterior to the bounding curve Cis given
by (Fig. 2B),
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Fig. 2 — Definition sketch for: (A) fluid motion and (B) structure
{ terms are explained in text)
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... (4)

where, ¢ p(p,,) = diffracted wave potential at exterior

_point P, (Fig. 2B); ¢ ,{s)= diffracted wave potential

onthe surface C, r=[(x,,~ x;? +(y,— y,"]'/%, the dis-
tance from the point(P,,)to any point( P;)on the body,
ds=incremental arc length on the body curve C,
H) kr)=J{ kr)+ iYy( kr), the Hankel function of the
first kind and zeroth order, J,=Bessel function of
first kind and zeroth order, Y;=Bessel function of
second kind and zeroth order.

Harms!3? has presented solution in numerical form
for Eq. 4 to determine the diffracted wave potential
along the boundary and at far field as,

pl1 —(o/22))=(k/4) [ [p(s) Y, (k) + g(s)] (kr)ir,ds

+(1/4) [ [u(s) Yo(kr) + o) Jo(kr] ds
¢ ‘ ... (5)

ql1~(as2x)|=(k/4)[[q(s) Y, (kr) = p(s)J, (kr))r,ds

+(1/4) J[!s) Yolkr) = u(s)Jy(kr)}ds

c ... (6)
where, pand g= components of diffracted wave pot-
ential at a point (x,,, Y,.), J, = Bessel function of first
kind and first order, Y, =Bessel function of second

kind and first order, a = interior angle at point .
“The integration is performed with respect to point
(X, ¥,,). Theradius vector r originates from this point
and extends toa point (x;, Y;)on the body surface (Fig.
2B).Eqs S and 6 are written in the form of finite sums
over the nnumber of elementary boundarylengths as,

Pl ~(@22)=(k/4) 3. (5, (ks

+ qul(krfm)](rn)iji

+(1/4) ; (44 Yol krjm) + vidy( kr, )] A,
| ' 7
qli~(a/2x)|=(k/4) T [g,Y, (k)

=k 4y

+(1/8) 1w, Y kr) = wdb ke )4,

C =1

...{8)
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where, p;and g;= components of diffracted potential
at point, (x, V), a=interior angle at a point m,
A;=arclength s;associated with point m, 7= radius
vector from a point 7 to general point jon the boun-

dary,
i = |Tjd =2, )" + (3= ¥, )]
(rn)jm=(1/rim){rjm.n] .
=(1/r)[(x;— X )(Ys);— (y,-—-ym)(x,),]

(x);=lx;41 = x}/dsj=cos B

(ys)j =_LY/+ 1= Y,*]/dsj= sin 8

u{f)= ksin kx, - sin Bvelocity in x direction

W)= kcos kx, - sin B velocity in ydirection
x;=xcos 8+ ysin B is evaluated at point j

6, = angle of wave approach with respect to x axis

From the estimated values of p and qusing Eqs 7
and 8, the diffraction coefficients atall npoints onthe
boundary are determined by,

K, =[(p+cos kx,} +(q+sin kx, ]*2 . {9)

where, K, = diffraction coefficient at point m,

Software DIFIS is developed, to numerically solve
Eqs 7 and 8, to estimate diffracted wave potential
components p and ¢ at all n points along the boun-
dary, and for the far away points. Eq. 9 is then, used to
estimate the diffraction coefficients at points under
consideration.

The assumptions made in arriving at solutions are,

(i)island is situated in an infinite ocean of constant wa-
ter depth (ii) flow is irrotational (iii) fluid is inviscid
and incompressible (iv) incoming wave trains are un-
idirectional, monochromatic and sinusoidal, and (v)
effectofbottom friction close to the shoreisnegligibly
small.

Results and Discussion

The software DIFIS was used to cstimate the dif-
fracted wave field for a circular island and the results
are compared with analytical solution presented by
Banaugh'>. Values estimated by the numerical proce-
dureagree very well with the analytical results (Fig, 3),
the variation being within 8 to 10%, which is reason-
able in numerical analysis, in view of various assump-
tions made and techniques adopted in numerical so-
lutions.

The curvature of the coastal boundary of the island
is smooth, and it is divided into 78 equal elementary
segments {Fig. 1). Cyclonic storms, frequently ap-
proach Mauritius island from the southeast. The var-
iation of diffraction coefficients along the coastline,

for the southeasterly waves, of periods 120, 180, 240,
300, 360, 420 and 600 s are shown in Figs 4 and 5.
The diffraction coefficient along the boundary of
coastline varies between 0.8 and 2.5 for the waves
from 150 to 180 s.It steadily varies between 0.3 and 2
forthewaves 0f 2405, between 0.8 and 2 for the waves
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' Fig. 4 — Diffraction coefficient around Mauritius island
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Fig. 5 — Diffraction coefficient around Mauritius island
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of 3005, between 1 and 1.5 for the waves of 360 s,and
between 1 and 1.4 for the waves of 420 s. As the influ-
ence of diffraction was found to be negligible for the
waves having period less than 100 s and above 600 s,
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Fig.ﬁ = Diffraction wave field for: (A} southerly waves,
(B)southeasterly waves and (Ceasterly waves
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the present study has been made for the wave periods
between 120 and 600 s. Mauritius coast, however at
times, experiences storm waves with period varying
from 120 to 600 s.

The variation of diffraction coefficients, over the
surrounding waters off theisland are estimated for the
waves of 240 s, arriving from south, southeast, and
east, and the results are presented in Fig. 6. For sou-
theasterly and easterly waves, the influence of diffrac-
tion on the south coast is high, varying between 1.2
and 2. The effect is significant along the east coast,
with diffraction coefficients varying between 1 and
1.5. West coast, forming the leeward side of the wave
approach, is subjected to low values of diffraction co-
efficients varying between 0.4 and 0.9. Consequently,
for southerly waves, the entire coastline except the
northern tip, is exposed to high values of diffraction
coefficients exceeding 1.

The present results are subject to certain limit-
ations, owing to various assumptions involved in the
diffraction theoryand the method of numerical analy-
sis. However, the results based on the present model
for the circularislands closely agree with the theoreti-
cal results.
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