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! ¢ ABST,
Deltaport is basically.’a large floam\g -break»‘:ater

.y ]
intended for wuse in the Hiberfnia region. This thesis

describes an exploratory inv sblgatlor‘\ Ainto its wave
“attenuation characteristics. he breakwater portion of i;_s
SEFIGLLRS i SEE6US /1TKE! BAY GONELELS GE .4 -Staggsied arvay
" of tubes. When wave energy impinges on suchja structure,

some of ‘it is reflected back, sope is transmitted through,

and a_!‘dund the "structure, and the rest ia‘dissipated.
Initially, we had hoped to <completely isolate the
contributions to this 'energy balance. However, becduse of
t#le»co‘lnple{! nature of thé Deltaport ’Structure. we found fhié,
goal to be exiremely difffcult, 1‘1:"n£n' impossible, to
decati. T Isl@pliry, e .deerded o' Gonsiden oMLy 'tWe

dimensional ‘séctions \ot‘ the structure and- concentrate on'the

breakwater . structure was installed in the wave tan’k at
Memorial University of Newfoundland, and its attenuatlon.
ehara’cteristics‘ for severa,l_lével"s of porosity Were
.‘ measured. As expected, it was -found that porosity greatly -
reduces aﬁt‘enuatlon. .

. Two theoretical procedures were developed for the
two: dimenslonai setup. One‘, known as Dean's method, assumes
" the ‘structure to Be & nonporous vertioal ‘thin plate and 1s

based on a potential flow description of the water motion.,

effect—of —porosity. K two dimensional section of “the




It gives very simple _expressions for .reflection and

'_;)errormanée. The other procedure 1is basically a finite ¢

. accounted for. We believe we are the first to use this in a
. ui:h the experimanl: ‘show reasonable agreement.

.three ‘:himenslonal bodie\i/n&iactlng with waves

'work. For example, it m(sht be paasible‘ to develop

transmission and allows one to get a rough but quick look 'at " -'

difference numerical simulation based on .the Navier-Stokes
equatlons. It allous\rc‘r wave energy dlsslpatlon. something < s
not consldered_‘n a potenual flow formulatlon. It also”has

a feature by which. the porous nature of the sr.rucr.ure can be

sl:udy of breakwatsr perrormance. Comparisons of cn\ 1atb/a('

Nunerlcal schemes are ava!lable that - can, handle

they: can only deal with nonporous.structurs:. One of these
s‘cnem'es, known &s r.ne Panel Hethod, accounts for ‘wave

dif(raction and is based- on a discrlbu:ion of pntennal flow

alngularltles over® the- wetted surface of the body. This
“technique-~ uas‘ also applied to the Deltaport geometry.
Obviously, because it ignores porosity, it repr_esent.s an 4
ideal. The 'two dlme;&ional setup suggests that it
overpredicts attenuaﬂ?n. . . ¥

The report also gives some suuesnona r=ob ‘Tuture -

oorrection factors for the Panel Method bassd on the, r,uo —

dimensionial®setup. ' .

\ i . i
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NOMENCLATURE 4 P A

amplitude ’ 3

unit complex wave amplitude '

drag coefrlcle;n.

greup speed

celern.‘y

sound speed

barrier depth

water depth

energy & . )

fluid configuration N

Green's 'function i’oz‘l complex. source

a'upeleratlon due’ to gravity

wave height

modified Bessel function ' <

diffraction gqygmeier
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kir;etic energy ’ - o ™
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potential energy : .
pressure N

reflection coefficient

Reynolds number
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° Py ’l‘p _wave period
N t time 2
T u’ velocity in x-direction
S v flow speed
v Vvelmvnty in - direction
i X arizonc{l dlrectlon
y /:erucal direction-
s n free surface elevation ¢
A wave length
) P density o‘f water =
[ strength of complex source
\; 9 velocity potential E
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CHAPTER I. '

=S INTRODUCTION

1.1 Background on Breakwaters

Reavy seas have always caused problems for coastal
areas . and 9l‘r=hore structures. InC!ume cases, these
problems have been all‘eﬂ\ated ov;r the years by the use of
wave attenuating hre’akuaters. Breakwaters have "been
categorl‘z‘ad under the two general headings of "floating" and

"npn-rloating". Non-floating or fixed breakwaters provide

the best attenua;ibn because a fixed solig¢/ wall' can reflect
or dissipate almost all of the ineident ua&‘energy, theEasY
permltblr;g little or no transmitted wave pas‘b the
lncreaain‘g water depth. &
. The vers‘aulity. mobility, and relatively lower
cost-of a floating breakwater makes it a viable option in
many cases. : Over the years.‘ many different ideaa‘ and
designs have been constructed and tested (1 to 9]. Some of
these designs have had very good successsnand Some h‘ave been
total failures. Most have some degree. of porosity. This
aqu down reflection and makes the sea-s‘caté. in front more

desirable.

a Tethered Float Breakwater, is ‘constructed of a large

number of very buoyant floats with a characteristic

breakwater.: Houe\eﬁ, their cost gdes up significantly with .

Figure 1.1 shows,two of these designs. The first,




Figure

1.1

BOWLEY WAVE BARRIER

N

various Breakwater Designs




dimension about equal to the wave height. They are

independently tethered below the surface igy a water depth
many ‘times the float dlameter. The floats are driven .in
opposition to the wives by the preggsure gradient field and
the dominant .attenuamon meg;;m - is dé-ag‘ from the
resultant buoy motiqn. Potential épplfcations include
harbour and marina probec’t}én as well as for offshore
- terminals. It has also been suggested for use as a low cost
and-«flexlble beach erosion control system.

The second system shown is thevBowley Wave Bar‘rler
which was deve}p;e'd by Proféssor W.W. Bowley :of the
iniversity: of Connecticut. This system consists of .an artay
of fendered cylindricalt cannsst'ers which, due to cﬁex:
buoyanq oscillate 1‘n wave action. "This § ced motion
creates a secondary wave pattern emanatin; r:ﬁhe
cannister itself. Theory suggests that it is this secondary
wave which superimposes with the incident wave to create
wave toppling and thus an overall reduction in wave height
beyondﬂ the array.

A rfview of the literature on floating Ibr‘eakwaters
indicates that, to dat@, “the vast majority “or floating
breakwater -analyses have ‘been’ *very qualitative.  Prototype
and model tesbing‘ have been the only real reliable way of

Judging their performance. In a November !986 Conference

, .
held under the auspices of the Coastal Engineering Research

\J\




Council of the American Soclety of Civil Engineers (ASCE), a

paper was presented by Murakami et al. [7] which stated
"Since Jarlan (1961) proposed the perfqrated vertical wail
breakwater,” many different kinds of permeable vall
beeskwaters have been deslimsds. The “hydeaulid
characteris;les of these V\breakwater‘s have been examlned
experimentally for the »most part. The theoretical solutions
for the reflection and the transmission coefficients have
been ob»bainegi only for the breakwaters with'a comparatively
simple cross section'geometry“‘ %

Attempts have been made to include porosity into
the theoretical treatment . of braakw‘aters. One two
dimensional approach, developed by Madsen [8], is based op a
quasi-steady hydraulie resishance‘model for the structure.
The flow yitﬁin the structure causes energy dissipation.
For 1o;g waves, this would show up ;s a difference in water
level across the structure. For steady state flows through
the st:‘.ucture,'this difference can be measured in a flume.
Integration over a wdve eycle could’ use this to get the
energ;} dis;lpated within the structure during each cycle and

one could calculate an average power dissipation. Th_e

quasl—steaﬂy assumptlon means that .the z:esistance approach
. “

is probahly only good f‘or long waves.
[ 4
Another two dimensional approach was developed by

Finnigan and Yamamota [9]. They assumed the flow within the-




structure to be d‘ue to a balance of viscous and Rre_ssure
forces only. This is the well known porous-plug gr Darcy
flow .model. . Unf‘o‘rtunately, it ignores turbulence, which
could be the major source of dissipation in the Deltaport
stru”qture, which is .the breakwater being considered herein‘.
Neither of the above approaches was used in the
present work. Instead, a.transient finite difference scheme
based on the yavigz:LStokés equétions was employed. We
beliéve we are the first to make use of this‘in a‘}\;reakwater’
context. ‘With a sufficiently refined grid, it _should \be
able ‘t;o accura‘cely mo’de‘l. turbulent t‘l.ou within the
structure. Unf&jtunate‘ly, wi‘th a refined grid, the scheme
itcomputablonal y very expensive . ’ Engineers.aée usually
not interested in the details of eddy mo‘nons wn;mn'a
turbulent flow. Usually, the diffusive \pr macroscopic
character of the eddy motions 1is of greater interest,.
heveuse thls' ls pesponsibis for energy dinsipsbion. Modsis
Have been devéloped whl'ch avoid consideration of the details
of eddy motion [10]. They are known as eddy viséosityv
models, and they are based ‘on a time averaging of r,h_e‘
Mavier-Stokes "é‘quatlcns. When added to- numerical schemes,

miuch coarser and ‘thus computationally -less expensive grids

rcan be used. Unfortunately, it is-beyond the scope of the

present work to add such to the basic code employed. So, we

were forced to use as refined a grid as possible.




L e ) )
, . As time pr‘ogtesses, the neegi for accurate

. '
solutions to breakwatér ’pxoblems becomes increasingly

PR

important. This thesis\addrésses the possibllity of using
recent advancements in’ technology, both in theory and
computer speed, to. obtain analytic solutions to floating

" breakwater problems.
. . K

1.2 The Deltaport Conceg\: !
T
The quest ror\hydracarbon resources has forced
| g .

exploration far out into bh; bcea;ls at'distances never f‘
before }oc‘mslder’ed feaéibl:e. A£ these ever ! fncreasing <
distances, the danger, lnlrriciency, and cost of reccverlng g .'

the natural resource all increase. clusters of' drill rigs
and production platforms in.’%ese areas require frequent
service and supplies of men and materials. The danger to
pergonnel and the cost of service and supply have prompted

W . .
research on and development of an offshore support base
N

knoby as Deltaport (Figure 1.2 and Table 1.1). Research
into ‘this concept started in 1983 at Memorial University of
Newfoundland and is still ongbing. To date, there has been

no indepth design done on the structure itself, and it

should be note th,at. the idea 1is 'still very much at a

uoncept.ual level. The deslgn parameters, which are outlined
in this section, are very dlscriptive in nature and reaearch

is now being performed into- how best to incorporate these
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DELTAPORT CHARACTERISTICS

L.0.A.

Dry_ Weight

l}fgt (Range)‘
Free Board (Range)
Beam (Per Side)
Depth

Shape

600-1000 m

1200-180%%M.T.

20-40

40-20

m

m

90‘1&) n

60

Equilateral ;,Triangle

SITE CONDITIONS - HIBERNIA - IN SITU

Wave
_P Maximum (100-year)
Significant (Normal)
Astro‘nomicai Tide
Water Depth
Current
Surface
Mid-Depth

Bottom

30.5 m,
5.0m,
1.2 m

50.0m

0.7 m/s
0:4 m/s

0.2 m/s

16.0 sec.

8.6 sec.
1

- 1.1 m/s
- 0.6 m/s
- 0.4 m/s

B

< 5 t
TABLE 1.1 - DELTAPORT BASIC INFORMATION




T 7 \
into one'comp.renén‘sive structure. Sgure 1.2, which is an
artists conception of th;z prototype, reflects relatively
accurately the intent and general configuration of the
Deltaport concept. ; Also, Table 1.1 gives as detailed’a
description * as i.s now available op- the dimensions and
operating conditions of the Delc}&ni-:, as well as a summary
of the environmental condit;ldhs it is to o[lnerate in.

Deltaport, named for its triangular configuration,

is being designed for free rotation aboué a single\ point

mooring and will be able,to move under itd own poWer e

avoif ice fields and icebgrgs. Its structurel will be made

up of thousands of. interconnected buoyancy unkts, and 'its
maintenance will be carried out continuously while site.
This man-pade floating Igl\and.will have features to increaa'
safety and lcost effectiveness. It will have a' short take
ort‘_and landing (STOL) ajr strip to accommodate appropr‘iate
fixed wing aircraft. There will be on board facilities rar.
liquefaction of natural gas, cwude oil refinement, diesel

power generatién, subsea completion, and on board  ofl

storage .- Medicat services, living accommodation and

administration facilities will also be incorpqrated into the ;
desjgn of the Deltaport concept. w - ’ B

ry
An”important featuré of the Deltaport concept,

which has particular relevance to this thesis work, is the\;

sheltered harbour or breakwater effect. Due to the immense”

o\




‘slze of the str‘ucture (nearly one square kilpmétre), it has
great potential for the attenuation of wave energy and this
will allow it to provide- a shel'tered lee in the midst .of a
harsh North Atlantic ocean environment. -For the analysis of
the structure as a breakwater, assumptions have. to be made
{s to its internal configuration. A configuration used in

earlier tests [11,12] on a 1:50 scale model was selected to

serve as the geometry used herein. This {s defined in later. '

sections. B
The total cost of a Deltaport is expected ‘o be in

the range of three to four billion dollars [11]. The
anticipated cost savings over 1ts seventy~f1ve year life is
in the range of sixty billion dollars [H] These savings
are expected to come from reduced branspcrtatlon and service
costs, production of marginally sconomic rie!ds,_and the
liquefaction and production of natural gas.?

' Tragic accidents have shown that the offshore
?' ironment is relentless-and unforgiving. ’ Delta‘por't would
pbovide close-by refuge for the industry as well as a base
for medical and safety operations. Tite inbreased use aé
fixed-wing aircraft and the environmental shelter provxaed
to marlne vessels would reduce risks lmmenseiy.

1.3. Objetctive of Present Work ~

Any structure which sits in an ocean environnrent

R

i




as

and causes an interference to wave propagation could be

considered in some capacity a breakwater. The Deltaport
concept.‘is no exception to this rule. In fact, one of the
most: impoptant functional features of the concept will be

its capacity to *attenuate wave energy. At present, the

technology for analyzing breakwater performance is not at a -

very advanced stage‘. To date‘,'the design process has
generally been qualitative, with the ability to attenuate
wave energy measured only after the prototype is in
operation. With the Deltaport capital costs being so high
and the time lnvest'ed-‘:‘m intense, 1t 15 ot acceptable to
leave its final performancé to these elements of chance.

When wave energy impinges ‘on a structure such as
Deltaport. someé of it is reflected, some ls transmitted, and
the rest is -dissipated. The goal of thesrojec}: was to
isolate these energy components. This is an (extremely
difficult, if not figﬁpossxb‘le, thing to do analytically for a
porous three dimensional structure. Bel;a’use of this, a two
dimensional section of the Deltaport _structure was isolated
f:or study. .

A model of this was' installed in the wave tank at
Memorial Unlversiby of Newt‘oundland,‘ and its attenuatlon
characteristics for several (levels of porosity were
measured. Two bheoretlcal models were developed for the two

dimensional setup. ' One is based on po\:entlpl flow while the

8




other is based op the Navier-Stokes equations. Comparisons
with the experiment were promising. Numerical schemes are
available which can handle the interaction of three
dl;lenslonal non-poérous bodies ul.r.h tﬂves. On‘e of these 1is
known as the Panel Method for wave diffraction and this was

also applied to the Deltaport geometry.
L

1.4 Some Modelling Considerations Vs N

In order to create physical and numerical models
of floating breakwaters uhilch can approximate the r‘es;;onse
of the Deltaport concept, certain as‘sumptlons and
simplifications were made. , »

Dg‘ltaporc while in operation would be .securely_
qoured'a\: one or. its pivot points. The relai;lvely large
bo’dy size compared to the wave profile should produce very
small body notk’ms. Previous test work [12] on scale modéls
has conrlneti—r.hls fact. Because of this, the amount of
wave energy’ produced by 'the body motions would be. very
small. The time period of the body motions has also been
shown to be much greater [12] than the incident wave peri’e‘d.
Given these facts, it was’ decided. tov view Deltaport as a
fixed structure. Treating Deltaport as fixed nn‘t only
accurately reflects the prototype in operation, but it alsq
simplifies the analytical and physical modeuin('\

techniques.




CHAPTER II i

3 3

HYDRODYNAMIC BACKGROUND

2.1 Governing Equations for Small Amplitude Waves .
I It is assumed that waves travel progressively in
v ot kJtne x-direction in the x-y plane. It is also assumed that b
.the water surface 1is uncontaminated with no underlyl‘ng

current and that the wave maintains a permanent form over a

smooth horizontal bed. Water' is also taken to be

incompressible and inviscid, and the flow is taken to be

foi » irrotational. The water depth d is constant. Figure 2.1
N " 'shows the general form of the wave train.

_ In this schematic, the wave height (from crest to
trough) is taken to be H, the wave length is shown as A and

Tpxs the wave period. The wave speed, or celerity, ‘can be -

defined as C, where:

«
C = A/ i
AT, (2.1)
1 It is also convenient to show angular frequency uw as:
- 20/T ‘ 2.3 -
o = 20T (2.2)
p and the wave number k as: -

‘ k = 2m/) (2.3)
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A velocity potential ¢ is needed which satisfies the Laplace
equation:
Vi = 0

. (2.4)

For a two dimensional wave form in x and y, this reduces to:

. . .
% D = Iy : (2.5)
b RS B

The velocity potential is subject to the following boundary

conditions:

. %}‘?,—-o-~ at y = -d - (;.6)

/ - .
m , of o0 s ! ot
e Ak o i 8.0 at'y = n,  (2.7)

Nl ) -y 2
S ‘_g.;?{_‘¢_g:§_;," gn = £(t) at y = n * (2.8)

where n is the t"ree surface elevation about the still water
line and g is the acceleration due to gravity.

Equation (2.6) corresponds to the bottom Poundary
con;:llnon which says bh‘at the vert%cal particle velocity
there is zero. Equation (2.7) is H:gh‘e surface kinematit
bounc:fary condition which says that the velocity of the fluid
particle normal to the free surface is equal to the veloqity‘
of the free surface itself. The surface dynamic boundar&e

condition, given by equation (2.8), states that the pressure

at the surface, given by' the unsteady Berqoulli equation, is°

2o

o
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constant, assuming of course that atmospheric pressure ‘is =
constant and that surface tension is zero.

T Small amplitude wave theory, sometimes known as .'
Airy wave theory, was developed because of two serious -
difficulties encountered. in attempts t‘o obtain an exact
solution for a two-dimendional wave train. The first is
that the free surface boundary conditions are non-linear and

v‘(< . . the second is that these conditions are deflned to be at the

- free ;ur_face which” is initially uhknown. ‘Au its name

implies, small amj;.ttude wave theory assumes the wave height

to be much _smaller than both the wav's ‘length and the still

water depth [13,14]. This assumption makes the nonlinear.

x ”
terms in the surface boundary conditions, equations (2.7) -
. ¢ (] v *

" and  (2.8), negligible in comparison to the 11Ns.

Thus, these equations reduce to:

. 3¢l _ _3n ®
. —a;— -0 caty-0 (2.9)
‘ 2 sgn-0 saty-o0 (2.10)

The separation of variables procedure can be used to find a
solution which satisfies Laplace's equation and the various
constraints. It gives )

. ¥

H_ cosh k(y+d) . B *
o = ofe LU sin k(x-Ct) (2.11)

"'—;—cosk'(x-ct) i (a12) e




N ,.
Substitution of these equations back into the free surface

“conditions gives the dispersion relationships:

w? s gk tanh (kd) (2.13)

.8 Ty
- c: £ tanh (kd) . (2.14)
2.2 Mave Characteristics
N - 2.2.1 Phase SPwed
! The .phase speed for a linearized wave can be ¥
obtained from equation (2.14):
s i s on,
\ L
¢ = —&- tann (kd) (2.14)
When ﬁeep uatgr waves are considered, the term kd apprﬁnes
° infinity and . ; s
— tanh (kd) =1 C(@18)
- . - . P ,
Thus, for deep water, the dispersion relationship .reduces - E
. to: ! - " F
d & ) “
: - £ . £ .
C* e —f— = b (2.16)

" Thigmeans that deep water wav?s are dispersjve. Because C

is a funcnonigf A, the components of a storm generated deep
. s e 2

water wave system tend to separate from one another, with




the longer waves leaving the shorter ones behind. When the
shallow water case is studied, the tanh (kd) term in

equation 2.14 reduces to:

. - = °
tanh (kd) = kd (2an)

In this case, the dispersion relationship reduces to :
5 . Ct e (ka) - gd (2.18)
This shows that shallow water waves are non-dispersive

. because C is not a function of A

2.2.2 Group Speed "

Hhen sinusoidal waves wlchln a narrow band ck‘
rrequencies are superimposed, an envalape is senerated %hich
travels at a speed called the grcup speed, aanoted by C .

The phase speed of an individual wave within thé envelope 13

given by [14]: <
e —p - T (2.19)
The speed of- the envelope itself is [14]:
: dw
Cg “—ak- (2.20)

For deep water, the frequency can be written as [14]:
w? = kg § & (2.21)

Ir trequé‘niy is differentiated with respect to wave number,
. the following rélationship is obtained:

2w

dw
dk,

-8 .. (2.22)




- .

Substituting equation (2.22) into equation (2.20) yields the

relationship: / . -

2ue. B, )
« C8 b i el (2.23)
Therefore, Tt is shown that, for deep water, the phase speed
is twice the group speed.‘ For shallow water, the frequency

can be written as [14]:

w? = kigd (2.24) s
‘Differentiating equation (2.24) yields: )'
. T 20 3 < 2kga T @
' Substituting equation (2%1!‘1{0 quatflon (2.20) yields: . o '
cg.g_;*jz_lg;i.}% (2.26) .

Equation (2.18) shows that the phase speed for shallow water
is equal to /gd.  Substitution of this into equation (2.26)
.=Blves:

cg - 753— < vad (2.27)
Thus, the group speed is equal to the phase speed.
szl
2.2.3 Wave Energy Fiux
The total energy in a unit column of water is the
sum of the kinetic and potential energies. These energies ¥

are equal [14] and are given by:




1 1
PE = KE = —— pgh® = 5z— pgh* (2228)

where A is the wave amplitude; H is the wave height and p is
the water density. Therefore, the total energy in the water

column is given by:
-

1 1
E = KE + PE = —— pgA* = —— pgh? (2.29)
! .
If a vertical cross section of unit width perpendicular to
the direction of wave propagation is considered, the rate at
which energy crosses this is given by [14]:

s 5

. T 1 e 1 & = -
Energy Flux = CGE = Co —3="pgA® = C, —p— ogH (2.30) %

2.3 Wave Attenuation Mechanisms

When looking at the wave attenuating mechanisms of -
floating breakwaters, the relationship between wa;e height
and wave energy must‘be considered. It can be seen from
equation (2.29) :/hat the wave energy iﬂs, directly
proportional to the sqxare of the 'uave amplitude (or wave
height). In other words

E o A? £ a H? (2.31) \

Considering thig, anything which redirects energy or takes
ehergy away from the wave will reduce the height of the
wave. This is, of course, the desired effect. It shotld be
noted that the other terms of e‘quation (2.29) are constant . -
and the orly variable relationship is bertiween A or H and E.

. ) ! ) -




The designer of-a floating breakwater has control
over its size, shape, depth below the water line,
orientation, rigidity and porosity. These physical
characteristics ln{luence the effectiveness of its wave
attenuation properties: two of the major ones bein;_

reflection and dissipation.

2.3.1  Reflection

When an incident wave encounters an obstrhctler:,
some of its energy is directed back into the waye field.
The amount of reflected energy reduce; the total energy
avail,avble on the lee side of the obstryetion. Therefore,
the ability of a . breakwater to reflec,r.—/energy is very
1.mportant in determining its overall et“cieﬁcy. ;et‘lection
is ‘thought to be the most important factor uhen‘ consigering
the design of a floating breakwater [1 to 9]. It can lead

" to very confused seas in front of the structure.

2.3.2 Dissipation
When an incldent wave in,ter;cts wiﬁh a floating
strgcture, some of its energy'is dissipated. The lbss of
this energy also conb;‘ibutes to a reduction of wave height
on the lee side of the struc(:uz‘e.‘ For pgrous structures,
water turbulence, set up by the flow through the structure,
is the mdjor source of dissipation [13,1‘4.{;5]. The latter

was talked about briefly earlier. !
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CHAPTER III
THEORETICAL FORMULATIONS

Av the msent time, there are no analytical or
numerical procedures available for treating the interaction
of waves with complex, three dimensional, porous-like

structures such as Deltaport. However, for non-porous

structures, some procedures have been reported. One of

these is known.as the Panel Method for wave diffraction, and
this is applied herein to Deltaport. vaiously_.'because {t
Lgnores porosity, lts predictions require careful ‘serutiny.
Also, the scheme 15 based on potential flow concepts. In

other words, it ignores viscoslty. -

A finite difference scheme is available that can

handle vl5ccsity and porosity. It is based on the Navier-

Stokes equations. Unfortunately, it is computationally very
expensive, and because of this, it is restricted to two
dimensional geometries. It is used below to study a two

dimensional section of the Deltaport structure. ' Another

much simpler two dimensionél model is also applied to the

structure.

3.1 Dean's Method .

Dean's method is perhaps the simplest of the three
methods to be studied. This method assumes the water to be
4 0 .




° . —
deep and its motion to be two dimensional. It also assumes
that the barrier i{s-a rigid nonborau‘s vertical th;n plate. N
. Héure 3.1 shows a schematic of the set up for
which Dean's method is applicable.

Using potential flow concepts, D'!\ (16,171
developed equations for the reflection and trapsmission

o~
coefficients of this configuration. These equations are:

vrI1 .
M el
m l‘ . K‘ A
" K, :
D . . (3.2)

4

1

¢
where R is the reflection coefficient, T is the transmission

coefficient, and I‘and l‘ are modified Bessel functions with
. argument kD. These relationships are shown graphically. in

- Figeme 3.2. They)give a rough but quick look at breakwatery

performance.

. - .
\ Note thgt for 27D/) greater than 2 the reflection

coefficient R is practically one ‘and the transmission
coefficient T is near zero. .This is not surprising because

water motion falls off exponentially as one moves dow om
ot i . .
i the water surface. The fall off 1is”given by

# 3 2%
e - . (3.3)
’ b - 5
e
.




dnjas 10711R8 [EOTIIAA 1°€ ainbra

~~— ~— ~—

—_— —_— —_—

anom . BADM DM
e 1uapiov} Paidajjay Palwsunyy

.
- "
7
— .




R,T

i

{
1.0
N
0.8} N R
& L %0 .
06 A
’- ) N
-
\
04} \ B
B \(/ i
o2l N
o= N .
. ~o
00 ) A T L | L=
0.0 0.4 08 e 1.6

-




So, at y = -D for the case in question,
water motion and thus very little transmission.

reflection and transmission coefficients are known,

heights can be calculated as

Hp

iy

where HI

3.2 The SOLA-VOF Method -

is the incident wave height.

there is very little

Once the
the wave
follows:
= R¥H (3.4)
T
= T*H; ~ (3.9)
Z

The term SOLA-VOF [18] is an acronym derived in

two sections, VOF meaning lolume,gf'iluid. and SOLA meaning .

solution algorithm.

transient fluid flow

boundaries.

problems

This method was developed to solve

with multiple free

The SOLA—VDF method basically divides a region

of fluid up lnto a large number of f‘inlte difference cells.

The accuracy of the SOLA- VDF

method is determined greatly by

(8
.the size of the cells and the time step, St, used to march

the solutio'r) forward step by

Easicauy, there
advancing a solut}on through

1) Explicit approximatiors

o

step in time. ' Py

are three steps involved 1in

one incremenf, st, in time.. -

of the Nav e‘r-Sto\Qes equations
' .
7

\
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s Y
. &
¢
o . &
3u u u _ _13p 3 u, 3lu
2t Yax T ey pax'“("ﬁr 'aT"] (3.6

: f
BY B gAY Q‘E"K'V[T!'axv'_rg,v] (3.7)

are used to compute updated velocities u and v on cell

boundaries using previous time level values for all

advective, pressure and viscous accelerations.

2) To satisfy the i&mtlnui\;y equation given by

ap ,/du . 3v
=T 3’g;ﬁ+—y-o . (3.8)

pressures p. are iteratively adjusted in each cell and the
velocities resultant from these pressure changes are added

to the velocities generated in step one. The iteration is

needed because pressure changes in one cell affect the four
surrounding cells. )
z %

. 3) Finally, a function called the F ‘unctlon governed by

Fa the equation’

.
S EevElop~ (3.9)
= which ¥efines the fluid regions must be updated to give the

new fluid configuration. If the value of F.equals 1, then

" the cell 1s completely filled with fluild; if F equals 0, the

o
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