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Abstract Steep, short-crested waves, as well as a large variety of three-dimensional propagating wave
patterns have been created in laboratory. utilizing a plunging half-cone. Monochromatic waves, over a
range of frequencies and amplitudes through breaking and including soliton wave groups near resonance,
have been observed and studied in asmall wave flume. This monochromatic wavemarker creates complex
wave patterns which depend upon the wavemaker shape, its frequency, and the tank width. The theory is
presented along with computer simulation and experimental data to describe these three-dimensional
waves. The effect of viscosity at the wall is taken into account to explain the attenuation of wave energy
down-tank. In the neighborhood of the first cut-off frequency, strong nonlinear-effects were observed.
Symmetric-standing sloshing waves generated at the wavemaker spontaneously form a moving hump
(soliton), which propagates very slowly down-tank. The hump then builds up again in time at the
wavemaker and the process is repeated. In the case of two-mode propagation, waves produced are
diamond-shaped patterns and propagate in such a way that the amplitude of individual wave crests
oscillate with distance down-tank. As a result, intermittent breaking can be caused to oceur at specific
locations away from the wavemaker. The inception of breaking was found to occur over a range of wave
steepness, from a minimum (consistent with other experiments, and decreasing with short-crestedness)
to amaximum (close to the Stokes limiting steepness). Breaking was observed to occur, providing: (i) the
wave steepness exceeds a threshold (minimurn) value; and, simultaneously, (ii) the propagating wave
crest reaches amaximum and begins to decline. These observations suggestanew criteria for the inception
of breaking.
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INTRODUCTION for the purpose of testing the response of platforms

and ships, as well as to study nonlinear effects such

Steep waves at sea are short-crested and it is highly as breaking wave loadings on platforms and nonlinear
desirable to produce such waves in a laboratory tanks sloshing waves in the form of solitons. At present,
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waves are produced ina water basin using segmented
programmuable plunging or paddle type wavemakers
[ 1-4]. Steep short-crested waves can be produced in
a luboratory tank by utilizing a simple three-dimen-
sional wavemaker [5.6]. These non-planar
wavemakers can produced complex lincar and
nonlinear gravity waves.

The existence of discrete standing wave modes in
aclosed tank 1s well known [ 7] and was first studied
hy Urscll [8] by producing edge waves on sloping
beach. The most extensive experimental work on
sloshing waves is reported by Bormand and prichaid
[9] where they produced asymmetric propagating
waves by a flat plate oscillating about a cenural
vertical hinge close to the first cut-off frequency.
More recently, experimental and theoretical studies
ol nonlincar cffects  over a range of cut-off
frequencies have beenreported [ 10-12]. These works
cmphasize  asymmetric . waves produced by
paddle-like wavemakers and may be regarded as
complementary to our own work, which emphasizes
symmetric waves produced by plunging conical shape.,
and has been particularly motivated by an interest in
the practical applicationr of such a wavemaker. A
steady non-propagating soliton-like solution was
observed experimentally by Wu et al. [13]. An
analysis of this soliton was made by Larraza and
Pattcrman |14] by employing the nonlincar
Schridinger equation.

The phenomena of breaking waves is one of the
fundamental, but unsolved problems in hydro-
dynamics | 15]. The statistics of the steeper and most
energetic waves is of great importance for ocean
engineering [16] and is very much dctermined by
breaking. Morcover, the impact of breaking waves
against ships and offshore structures may cause
serious safety problems and structural damage to
systems [ 17].

We have carried out theortical and experimental

studies of monochromatic  waves produced by
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plunging semi-cone. This study introduces a new
wavemakerwhich produces three-dimensional waves
with varying heights along cach crest in a narrow
tank. Understanding short-crested waves is not only
important on generating stochastic random waves, it
may also serve as a basis for the investigation of
three-dimensional breaking waves and their effecton
offshore structures, nonlinear sloshing waves, and
experiments which will improve the understanding

of radar scattering in a laboratory tank.
THEORY

Consider the propagation of small amplitude surface
gravity waves in a semi-infinite deep channel of
width b, where waves are being produced by an
oscillating arbitrary shaped wavemaker mounted at
one end of the channel. Assuming irrotational mo-
tion, incompressible fluid, the problem of predicting
the wave patterns generated by aperiodically moving
wave generator can be described in terms of a poten-
tial function, ¢, and free surface elevation, {. A
dispersion relationship can be derived by using the

classical lincarized boundary conditions,

AN=_10 (1

— —_ 2
with =20 and 2 = BOZ where Ayis the wavelength,
b 2ng

¢is the gravity. nis an integer, and o is the frequency
ofthe oscillation. These derivations are valid fordeep
water where koh <g- withk = @?/g and his the water
depth. A plot of the dispersion relationshipis givenin
Figure 1. This Figure reveals the generation of linear
propagating waves away from cut-olf frequencies.
At cut-off frequerncies, linear theory predicts infinite
wavelengths  with  zero group velocities, while
experimental observation has suggested finite wave-

lengths. Consequently, linear theory is not an
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Figure 1. Dispersion waves for symmetric modes in a channel of
width b.

adequate predictor at these discrete frequencics. Be-
low alincartheoryis given forthe concial wavemaker
which generates propagating waves away from cut-
off frequencies. At the neighborhood of the first cut-
off frequency, occurrence of soliton. waves were
observed. Experimental obscervation of these nonlin-
car wavesis given with the comparison to the existing

theory.

Conical Wavemaker Model

Havclock [ 18] examined the three-dimensional peri-
odic oscillating source of strength, ge', located at
the depth of f, bencath the free surface. In a
corrdinate with the origin O taken to be the
undisturbed water surface, with a positive depth z,
projected vertically downward, he assumed the
classical wave theory of irrotational, incompressible,
fricitionless, and no surface tension for the wave
field. For a periodic motion of frcquency w, using the
lincarized free surface boundary conditions, he gave

the following expression for the potential function:

o(r',z;kpy=2nkoq( 2 ):]?sin (wt-kor'+ l—Tc) ¢kolf+z)
T[kol" 4
@)
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where r'is the radial distance and f is the location of
the source. Equation 2 is an asymptotic solution to the
cquation for a source with strength ¢, in an infinite
fluid domain. This periodic source oscillation is then
restricted to oscillate in a fluid domain bounded by
tank's walls. The summary of the derivation of meth-
ods used to model a conical wavemaker with the
aforementioned results is given below.

Using method of images whereby the source,
symmetrically placed between walls, is replaced by
its equivalent, an infinite numberof identical cascade
sources are displaced along the plane, x = 0, with
spacing b (Figure 2). The potential function for these

identical sources is

1
2kosin (mt

On(x.y.2)=21qY, 2

- | 1tk VX2+(y +2nmb)

~ko Vx2+(y +2nmb)’ +;£)efko<f+z). (3)

Equation 3 is transformed into the Fourier integral
cquation by locating an infinitesimal source at a
distance y' from the origin and distributing source
strength along the y axis

Q(X-y,z‘l):-21tiq(f)e-ko<f+z)[ k()(nkz )i
T or

i(ml-kor'+7_[)( t '
¢ Faly)dy!, 4)

where '=Vx2+(y - y)? and &(10) =

oo

a(y)e™dy'. The

a(k) is the Fourier transform of a(y"). Assuming a
periodic delta function for a(k) located atk = k = Znn
and substituting itin Equation 4, an expression for the
potential function is derived where source strength is

also distributed along the z axis.

f oo

On(X.y.Z,L0) =<0 q(f')e*oZ+) df kn( 2 ‘)'
nkor'

b=

0

.

n
1(()I-k )1 4+K +_}
Xe \ ! 0 ny ‘]dy.

o~
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Figure 2. A schematic illustration of conical wavemaker and tank
walls. The tank walls are replaced by an infinite number of images
of the wavemaker.

InEquation 5, the phase functiony(y") =wt-k r' +k y
+ 1/4. As y' approaches infinity, the second integral
in Equation S takes an asymptotic form which is

determined entirely in terms of the point at which the

phase function y(y") is stationary; i.c., at a valuc of

d

Y=y )vwz().The criterion for this method which is
C

called Kelvin's Stationary Phase Mecthod for vari-

ables ' and y', are

' X Kn

y,=y+ e and ry=—XKo (6)
(ki-x2)z

2 1
Ko-xd)2

Expanding y(y') in a Taylor series about y'=y' , and

applying the condition %:o with the assumption
that w(y") is aslowly var}(/i¥1g function relative to eV’
allows the condition y(y') = y (y') to be used; y' is
neary',.i.c., ly'-y' 1< 0. The firstintegral in Equation
5 can be solved by using the conical form of the
wavemaker and distributing the source strength along
the z axis in such a way that the conical shape with

38 degrees angle is preserved. On the surface of the
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cone, e 1olowing condaiuon 1s applied,

V. =0 or (U+wn,+vn=0, 7

where V is the fluid velocity on the wavemaker, u and
r are the perturbation velocities and U is the free stream
velocity. By assuming U>>u, and applying slender
body approximation, the source strength ata location

along the z axis can be derived,

q(f) == (£-1) % S, (8)

where 9§ is the cone angle and is related to the height {
and radius R of the cone. Upon introducing these
approximations and integrating Equation 5, a relation

for potential function can be obtained,

& )(fk0+b'k0f D

eilot-x Y k%- xA)

On(Xy,z,00= 2( )zsw
fko k%—K‘%

x e*0Z cos (Kny). )

Using the linearized free surface profile

(= aa_q> al 2=0, (10)

1
g
the free surface profile can be derived

(fko+ekd-1)
£Yk3-x2

x giorx ¥ ko- B cos(z:)m) (1D

(xytw=Re ¥ -i®is®
n=0,1,2,. 2 f

From the dispersion relation (Equation 1, Figure 1),
it is evident that for each frequency, the number of
waves is determined by the number of propagating
modes. The resulting pattemns, the sum of a discrete
number of waves of different wave lengths, will
produce irregular waves. For frequencies below the
firstcut-off (i.e. f< 1.31 Hz), there is only one propagat-

ing mode, n=0. Excitation of the wavemaker with

frequencies between the first and second cut-offs (i.e.
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L1 HZ << 1.8D HZ) resulls Intwo propagatng modes,
n=0and n= 1. The wave patterns for the first and second
modes canbe written in terms of an irrcgular wave with

a modulating beat

[SI L

Cx 0t =[ (A3 + AD +2A0A cos(ko-k 1) x:

(12)
X C()s[(l"+k‘)x+um'1[3(x) (m+£J
2 2
where ﬁx)—A” Al Lm[(l‘“ }“\x] andk=Vko-x,
An+ A,y 2

with A, and A | being coeflicients in Equation 11. At
the first cut-off frequency k| — 0, as a result B(x) —

-tan k” x),

and consequently, irregular wave
disappears. This proves that no wave propagates at the
firstcut-off frequency. Theirregularities also disappear
for these wave pattems only in the case where A=A
By adding more modes to the wave, patterns them-
selves become increasingly complex and the algebra is
more tedious to carry out.

Sinusoidal gravity waves generally suffer attenua-
tion as a result of loss of energy due to viscous effects.
The energy dissipation duc to the side walls are en-
hanced by the three-dimensionality of waves because
their group velocity is slower than planar waves (Figure
). With the assumption of deep water waves the
attcnuation of the waves due to the bottom wall is
neglected. Ursell (1952) studied the viscosity effect for
waves on asloping beach. He considered single mode,
non-planar propagating waves fordeep water and gave
ancstimated value for the attenuation coeftficient which
is valid for frequencies away from
Urscll found the attenuation coefficient for a single
propagating wave, this study adapted his analogy by
extrapolating it to more than one propagating wave. In
a fluid with a low viscosity, the approximated fluid

velocity is given by
U_(U V.W)y=c**grad ¢ , (13)
where K' is the attenuation coefficient. The effect of
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VISCOSIty 18 to cause a slow attenuation of the waves as
they move away from the source of energy. Anestimate
ofthe variable K' for waves between the first and second

cut-off frequencies is [ 19],

5 kil +2(—)+1:|
K'=K]k“ Vv L 0

<]

ko ko

2
where v is the kinematic viscosity. Equation 14 is valid

(14)

when the flow field is dominated by the potential
function. This expression is not valid when the
wavemakeris operated at frequencies close to cut-ofts,

where the nonlinearity plays an important role.

Nonlinear Sloshing Waves Near the First Cut-off
Frequency

Sloshing waves are found in systems where a cut-off
frequency has been attained. For example, they can be
found in a tank with a wavemaker that generates a

typical wavelength A, and operates ata frequency close

ot o . 2_2ME) wWavec

to the first cut-off frequency (i.e., w?* = Z22). Waves
b

produced at cut-off frequencies are usually referred to
as "sloshing waves” [12,20]. Operating the concial
wavemaker ncar the first cut-off frequency, periodic
sloshing waves were observed and hump-shaped waves
were formed down-length of the tank. The maximum of
these wave heightdistributions slowly propagates down

stream and away from the wavemaker. These waves are

The most extensive work on nonlinear sloshing
waves are reported by Aranha et al. [20] where they
derive athird-ordernonlinear Schrodingerequation for
the propagation of an acoustic wave in a duct generated
by wavemaking-like source. Few years later Kit, et al.
[12] adapted their theory to gravity waves which are
produced in a laboratory tank by using modular
wavemaker and generating the first and second modes

of sloshing waves. Kit, et al. modified the nonlincar
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Schrodinger equation by including the viscosity effect
atthe wavemaker whichresults in a propagating soliion
waves. Operating the conical wavemaker at the first
cut-off frequency produces periodic propagating
solitons. The theory given by Kit, et al. was adapted to

the conical shape and was reported by Kolaini [19].

EXPERIMENTAL PROCEDURES

Figure 3 showsthe photographofthe experimental tank
used o generate three-dimensional waves. The wave
tank has interior dimensions of 0.9 m < 0.9 m X 21 m
(width x height x length). The bottom is covered with
a black rubber coating and walls comprise of three
quarter-inch thick clear glasses. The wavemaker was

stationed at one end of the tank, while at the other end

Figure 3. Photograph of wave pattern at the frequency of f=1.5
Hz.
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abeach was situated. A vertical wall was mounted 10 a
variable speed motor and was guided between a set of
[-beam rails and Teflon bushings. A two-inch gap
existed between this wall and a frame which the plate
was mounted on. There was also a half-inch gap
between the plate and the tank walls. A -false wall was
placed between the frame and the vertical wall to
minimize leakage from the walls and the bottom of the
tank. A half-cone wavemaker with an angle of 3%
degrees was mounted to the vertical wall with a mean
posttion of 74 cm from the bottom of the tank. The wave
heights were measured with capacitance type wave
gaugesplaced inthe middle of the tank atsmall intervals
were measured with capacitance type wave gauges
placed in the middle of the tank at small intervals along
the length of the tank. Before running a set of experi-
ments, the tank was filled with room temperature tap
water to amecandepth of 66 cm. Waves were generated
by driving the wavemaker sinusoidally, with ampli-
tudes ranging from 2.54cm to 11.43 cm and frequencics
between().5 Hzto 2.5 Hz. Wave heights were measured
atthe middle of the tank inlocations4.2mto 13 m from
the wavemaker. Here we only report measurements of
three-dimensional waves between the first and second
cut-off frequencies and near the first cut-off frequency.

Sloshing waves resulted from operating the

wavemaker closer to the first cut-off frequency (i.c..

f= 1308 Hz); this frequency was measured using

HP 53 16B universal counter and was approached from
below the cut-off and care was taken to fine tune the
adjustment to avoid combining the propagating planar
and non-planar waves. The instantaneous surface
clevation of the induced wave field was measured with
three wave gauges which were located along the center
line of the tank and 3 m from each other. Three gauges
were also situated across the tank-one along the center
linc and two closer 1o the tank walls-within cequal
distance from the first gauge for the purpose of
confirming the symmetricity of the sloshing mode. The

outputs of all gauges were sampled simultancously

Journal of Engineering, Islamic Republic of Iran



with 1000 samples/sec using the Keithly Data
Acquisition system and were recorded on magnctic
tape for luture analysis.

Typical wave traces for three-dimensional waves
for frequencies between the first and second cut-off
are shown in Figure 4 for wavemaker frequency of
f = 1.53 Hz with a wavemaker stroke of 8.4 ¢cm at
locations of 4.5 m, 6.10m, 4.6m, 8.8m, and 1 im from
the wavemaker. The wave heights in all of these figures
are normalized with respect to the wavemaker stroke.
Difterences in the maximum and minimum of these
points were averaged to yield average wave heights at
several locations along the tank. Located 3m, 6m, and
9m from the wavemaker, the three wave gauge probes
measured the amplitudes of the soliton and are shown
in Figure 5 for the wavemaker stroke of s = 6.35 cm.
This figure shows stable and semi-periodic solitons
with smail amplitude modulation. For different forcing
functions, the speed of the soliton was determined by
measuring the distance between probes and recording

the time for a soliton to travel from one point to the
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Figure 4. Wave traces for frequency of oscillation of 1.53 Hz,
between the first and second cut-off frequencies, with awavemaker

stroke of 8.4 ¢cm at various locations along the tank.
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Figure 5. Sloshing wave heights as a function of time at various
locations along the channel with wavemaker stroke of 6.35 cm.

other. Results of these measured quantitics arc
discussed later.

Short-crested wavers atmoderately high wavemaker
strokes become very steep and unstable and ultimately
break throughout the tank. Experimental observations
of these unsteady, three-dimensional breaking waves
were studied. The surface profile measurements for
breaking waves were carried out photographically us-
ing amovie cameraand alight-slit generator consisting
ol seven 500 watt flood lights placed inseries with each
other. The 1.5m long gencrator projected a 2.54 c¢m
thick vertical sheet of light parallel to the sidewalls of
the tank. In addition to the generator, a 1.5m long
sprayer continuously introduced a fine vapor of rho-
damine fluorescent dye onto the water surface. The
camera film recorded a glowing line on the water
surface which produced an image of the surface profile
on Kodak 4-X black and white reversal film. A frame
analyzer was used to observed and mcasure the
variation of the wave height prior to, during, and after
breaking, and the development, growth, and collapsc of
the breaker. An AT & T Targa M8 image capture board

and Image Pro software was used to measurc the
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ccometry of the evolution ot the breaking region.

RESULTS AND DISCUSSION

In section 2 the theory for waves produced by plunging
a half-cone was given. A comparison between the
measured wave height modulation with respect to dis-
tance from the wavemaker and the theory was also
given. Since these propagating waves are steep and
short-crested, higher wavemaker amplitudes cause these

waves 10 become unstable and break. Itis evident from

the dispersion relation (Equation 1) that as each cut-off

frequency is exceeded, a new propagating mode con-
tributes to the far field wave pattern, resulting in more
complex patterns. Thus inapplying thisequation, waves
for cach mode are summed with the number of term n.
Results of the computer simulation of Equation 11
show the appearance of an appropriate new mode each
time a cut-off frequency is exceeded. At a frequency
between the first two cut-offs a diamond-like wave
pattemresults from the superposition of three propagat-

ing waves, onc wave along the length of the wave tank

and the two symmetric ones at an angle of 6| = sin ! L )

with the first wave (Figurc 6). A photographofthe wave
pattern produced at the frequency of = 1.148 (f= 1.5
Hz) is shown in Figure 3. The equivalent of the sum of

the wave pattems are givenin termsof anirregular wave

RN \\\\E\
\ \\\\Q ‘a‘;\\«‘}‘ @Q\§\>\\ %\

\\ \B\
}\

\

Figure 6. Computer simulation of a wave pattern by half-cone

wavemaker (f= 1.5 Hz).
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with a modulating beat which was characterized in
section 2. In Figure 7 the experimental data are best
fitted with a squarc of the modulation curve and arc
compared with the theoretical beat equation. The ex-
perimental results for the local wave height show a
decay ot the wave height down the channel. This decay
was adjusted by estimating the viscosity attenuation
coefficient given by Equation 14. An equation for the
square of the local wave height modulation which

includes the dissipation coefficient is given by
H =[AZ+AT+2A0A cos((ko-k ) x -] e XY (15)

where A, A,k k, and K’ were introduced in section
2. Anempirically determined small phase contant, . is
added to both the experimental data and the theoretical
beat function. However, at higher wavemaker strokes
(i.e.s=11.43 cm), themecasured wave heightis about 27
percent smaller than the theoretical onc. In this case,
the lengths of the two basic waves for a frequency of
f= 153 Hz are: A, = 67 cm and A = 98 cm. The
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Figure 7. Local wave height modulation along the channel, with
frequency of f= 1.53 Hz for wavemaker strokes of 3.97 cm and
11.3 em.
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corresponding wave slopes are very large; H =257
and H = 0,176, where H is the total w;wl“c height
measured 4.7 m from the wavemaker. These steepness
ratios arc much higher than the Stokes limiting steep-
ness ratio of 0.17; it is, therefore, not surprising that
breaking accompained these wave forms. Waves were
breaking continuously throughout the length of the
tank due to the nonlinear instability that arises from the
steepness criteria. The nonlinear influcnce provide the
impetusto closely examine the effectof abreakeronthe
underlying waves.

Figure 8 shows wave height-length relationships for
short-crested waves as well as already cexisting criteria
fortwo-dimensional waves. These measurements show
that the criteria for break'ing waves depend upon the
short-crestedness of the waves and they are much
smaller than the widely used Stokes criteria. The non-
dimensionalized wave amplitude variation, d—lb where a,

i
and a arc wave height during and before breaking
process, respectively, is plotted in Figure 9 as a function
of normalized time t* :%n:_t’ for a waveinaker with a
period of 0.70 second andz:mlplimdes of 13.97 cm and
11.43 cm, where T is the wave period. Up to the first
quarter of the wave period, no reduction in wave
amplitudes was observed. The reduction began in the
second quarterofthe period and continued upto the first

half of the period where breaker size reached its maxi-

20
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4 CiModerate Breaker
AMinimum Breaker

15 A + Threshold of Minimum

10 A

Wave Height, CM

1- Stokes Limiting Case
2- Ochi and Tsai (1983)
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C , . : :
c 50 100 150
Wave Length, CM

Figure 8. Criterion for breaking of steep, short-crested waves.
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Figure 9. Dissipation of wave height due to breaker.

mum. Itisclear from Figure 9 that the reductionin wave
heights, as was shown in Figure 7, are strictly due to the
existence of breakers throughout the maximum crests
of the short-crested waves.

Figure 10 shows the generation of periodic solitons
for frequency f = 1.299 Hz close to the first cut-off
frequency. The non-dimensionalized soliton amplitude
IC(x,D)lis plotted against the normalized length, X, with

advancing normalized time, t | 19]. This figure shows

°
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Figure 10. Numerical solution of medified nonlinear Schrodinger
equation [19].
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periodic generation of the soliton at the wavemaker
with small modulation in the soliton height which is
consistemt with - observed  soliton height variation
(Figure 5). The soliton speed was measured for several
wavemaker forcing functions. For a given wavemaker
stroke, the soliton's speed was measured to be constant.
The soliton speed as a function of wavemaker stroke is
shown inFigure 11. This figure shows alinearrelation-
ship hetween  soliton speed and wavemaker stroke,
with an off-sct of approximately 2.7 ¢cm which estab-
lishes the absence of a soliton at wavemaker strokes of
less than 2.7 em. There 1s no theroy available, so far, to
predict these observations except the modified nonlin-
car Schridinger where it qualitatively predicts the

occurence of a propagation soliton.,

CONCLUSIONS

The following conclusions are reached from this study:
1. The theoretical and experimental characteristics
ol the three-dimensional waves produced by plunging

a half-conc wavemaker in a tank are given. This study

20

(623
1

Soliton Speed (cm/sec)
» =
1 1

o 2 4 6 8 10
Wavemaker Stroke (cm)

Figure 11. Soliton speed as a function of wavemaker stroke
{experimental results).
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may be uscful forocean wave simulation inexperimen-
tal wave tank.

2. Even a monochromatic wave pattern exhibits
constderableirreguiarity and complexity, which varies
rapidly with changing frequency, especially upon pass-
ing cut-oft frequencies, which are regularly spaced.

3. The lincar theoretical prediction compares very
well with the experimental measurements. At rela-
tively moderate wavemaker stroke, these steep waves
can be produced to break throughout a down channel of
at least 15 tank widths. The reduction in wave heights
between the predicted and measured ones are duce to the
existence of the breakerthere. This effect was shown by
experimental study of the breaking short-crested waves,

4. The criterion for steep short-crested waves is
much smaller than those reported and it depends on the
short-crestedness of the waves.

5. Atafrequency close to the first cut-off frequency
propagating, soliton waves were observed. The celer-
ity of these solitons varies linearly with the wavemaker
strokes and has an off-set of about 2.7 ¢m where
existence of no soliton was observed. The modified
nonlinear Schrédinger equation predicts the propagat-
ing of soliton waves and the numerical results show a
qualitative agreement with the observed solitons but
fails to predict the quantitative measurements.

6. The linear conical wavemaker theory can be
modified to generate stochastic random waves in a
laboratory narrow wave tanks, just like the ones at sea,
for the purpose of studying random wave loads and

breaking wave loads on the off-shore structures.
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NOMENCLATURE
a wave amplitude prior to breaking
a, wave amplitude after breaking
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a(y’)
ak)

O (x,y, tw)
]
S

source amplitude

Fourner transform of a(y")
(;)‘2(&) (fko+e*of-1) s

) \f ko
Equation 11 forn=0

ki
n=1

the tank width

nondimensionalized soliton amplitude

cone height

gravity constant

tank depth

wave modulation height

.,
g’g—. wave numbeer

YV k3 -2, wave number

the attenuation coefficient
integer number

normal unit vector in z direction
normal unit vector in r direction

source strength
Yx2+y?+7°
Vx2+ @ -y)

given in Equation. 6
cone base radius
wave maker stroke
time

cartesian coordinates

(U, V, W), particle velocity vector

phase constant in Equation. 15

sin’ l(é)
o

viscosity
free surface elevation
21n
~—, wave number
b
wavelength of the n" mode
potential function

phase function in Equation. 5

cone angle
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, coefficient in

{Q) A, , coefficient in Equation 11 for
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