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Having seen the description of two-dimensional spectrum, please recollect that a random
wave can be described in the frequency domain as a function of and this is how it is
represented so on. The y axis is nothing but half into amplitude spectrum. So, the area
under the spectrum gives you the significant wave height or the total energy contained to

the sea — sea wave.
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This we have already done and we know what it means this means that waves are
travelling in one direction this is true if you are generating a random wave in a wave
flume that is in the laboratory, but this is not true in the case of open ocean in the open
ocean if you consider the waves propagating from the deep waters.
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And if you consider a shore line somewhere in the deep waters you have the waves
generated because of the blow of the wind blowing over the water surface and the waves



are generated somewhere here where in the waves wind will be blowing in different
directions so, the waves will also be propagating in different directions.
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When they propagate towards the shore as you all know that it undergoes the phenomena
of refraction which means that the refraction this will orient itself more or less parallel to
the bottom depth contours. So, as the waves from the deep water propagates its direction
gets aligned to parallel to the break water parallel to the bottom depth contours and
somewhere near the coastal waters more or less your direction is well defined. That is

you can say that here the waves are more or less coming in almost a particular direction.



(Refer Slide Time: 02:14)

But in deep waters you cannot say that rather questionable so, this essentially means that
the waves in deep water will be coming from different directions hence just mentioning
about S of eta f or describing the wave profile in terms of only f is rather questionable.
So, in deep water you should have another function that is the distribution of the energy
or the waves coming from different directions have to be considered. So, this you will be
represented as f comma eta you see the difference between S of eta, S of f and S of
comma S of S comma, theta. So this is referred to as two dimensional spectrum two

dimensional spectrum and this is three dimensional spectrum.
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So, we call 2 D waves and 3 D waves 2 D waves their representation as a form in the
form of a spectrum it is termed as 2 D spectrum and 3 D waves that is waves from
different directions, then they are represented in the form of energy distribution it has to
be associated with direction also in addition to frequency as described in the 2 D
spectrum. So, that is the basic difference between the 2 D spectrum and 3 D waves or 3

D spectrum.
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Directional wave spectra - Introduction

Wave spectrum :

Representation of sea surface spectral function S, (f) against various wave frequencies, f.

Directional wave spectrum:

The concept of directional spectrum is introduced to describe the state of superimposed
directional components

That is, the directional spectrum represented the distribution of wave energy not only in the
frequency domain but also as a function of direction (8). This is generally expressed as

S(f,6) = S(f).D(f,0) o)

So, representation of sea surface waves spectral functions against wave frequency that is
a wave spectrum. Directional wave spectrum the concept of directional spectrum is
introduced to describe the state of superimposed directional components that is waves
from differential directions so hence there should be a way of obtaining this. How do you

obtain that by equation 1?



(Refer Slide Time: 05:55)

That is you simply multiply the 2 D spectrum which already we have seen under random
waves by a directional spread that is how the energy can be distributed. How the
distribution of energy distribution of the energy in terms of direction can be described?
So, that is obtained by D (f comma theta) which is directional distribution as a function
of frequency and eta is that clear. So, now later we will see as we have seen here there
are some standard spectra like Bretschneider spectrum, Jonswap spectrum, Pierson
Moskowitz spectrum, Scott spectrum so many spectrums are there and we have also seen
the usefulness of looking at presentation which can follow some kind of a standard
distribution. In a similar way we also have some standard distribution for directional
spread.

So, if you want to simulate 2 D waves in the lab you can simulate may be a Pierson
Moskowitz spectrum. You want to simulate you know that in the field the waves in the
field may be of Chennai. You have waves following say for example, Scotch spectrums
then | want to simulate the same kind of waves in the lab and there is a situation that
there is not much of a directional spread. Then I will resort to test in the tank in the flume
that is capable of generating the wave elevation that will simulate the waves which will
follow the Scotch spectrum.
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For that matter any spectrum can be this mainly is nothing but sending the signal to your
wave maker and dictating how it has to move. So, you will generate a pre defined
spectral characters, but the same way you can also generate a directional spectrum.
Where in if you have already proved or someone says or some you yourself want to test

you can select a particular 2 D spectrum and an associated directional spread.

The associated directional spread it can be a measured spread which can be obtained by
doing some measurements and another followed by analysis you can arrive at the
directional spread or you can use a theoretical directional spread and test your structures.
How it can function or numerically also it can be done? So, basically what we are trying
to look at is how you represent the distribution? I mean the simulation of waves how do

you represent the wave elevation.
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Directional wave
spectra

A directional spectra

Before going into that this is how the distribution would look like the top figure shows
the distribution of energy. If you take one single if you take one single wave | mean
spectrum say this can be as a function of frequency for a particular direction or vice
versa on the y axis, it will be the energy or of amplitude square which is nothing referred
to as spectral density. So, if you superpose all these things then you get a three
dimensional view and that three dimensional view is called as the directional spectrum is
that clear. So, you will have a long expression, but | will just show some of these
expressions and only thing is after having a look at the lecture patiently go through all

the equations and try to understand.
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Directional wave
spectra

Surface spectral density function is proportional to the energy of waves

Hence, the directional spectrum gives the energy of the waves (per unit plan area)
against different frequencies as well as directions

That s, the volume represented by S(f.6) df .do is proportional to the average wave
energy per unit horizontal surface area with, Wave frequency, f, bandwidth, df
direction of propagation &

S(f. 8) is known as Directional wave spectral density function, directional wave spectrum,
spreading function, angular spreading function or Directional distribution

The directional spreading function carries no dimension and is normalized as

1 D(f,6).d8=1 )

So, although | have discussed something some few points | have listed here directional
waves may come surface spectral function is proportional to the energy of waves. Hence
directional spectrum gives energy of the waves per unit plan area against different
frequencies as well as directions. | explained that that is volume represented by S (f
comma theta into D f) elemental frequency and elemental theta directional is now
proportional to the average wave energy per unit horizontal area and the variables are
mentioned there frequency band with D theta is implemental of directions and S (theta)
is known as the directional spectral density function or directional waves spectrum
spreading function angular spreading function or directional distribution. So, you have a

number of names assigned to S (theta).

Now the directional spreading function carries no dimension and is normalized by as
shown in equation 2. S (theta) is equal to S (e f) into D (S comma, theta), so D (f comma,
theta) that is as | have written here earlier. So, this directional spreading function carries

no dimension and is normalized as shown here is that clear.



(Refer Slide Time: 12:47)

Now as | mentioned earlier why do we have to | have already mentioned earlier why do
we have to look at the method of representing the surface elevation or the surface wave
profile only then you will be able to describe the waves characteristics. So, there are
several there are broadly two methods are more than two methods. But broadly classified
it will classify as single summation model and double summation model. What we are
looking at is double summation model wherein you have double summation 1 is n equal

to 1 to infinity and the next one is m is equal to 1 to infinity.
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Note that on the hand side.
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Representation of surface wave profile

Among several representations of surface wave profile, the following form is considered

nixyt)= E Eamncos[kmxcusdn+kmysman—2.ﬂm1+emn| (3)
m=1n=1 [}' -
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- T amplitude of component wave

Ky - wave number corresponding to the frequency f,,

The wave number Is related to the frequency, [, by the dispersion
relationship (2xf, 1" = gh, tanh kyd

the direction of the propagation of wave let and
is the random phase angle distributed uniformly between 0 and 2n

horizontal coordinates of the point at which the surface ﬂevan:@
is being considered. T

NPTEL

You have the amplitude a of m comma m associated with both direction and frequency n
stands for the number of directional components how many directions are you going to

include in your simulation and m represents the frequency components.
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So, you have K m is nothing but wave number for that frequency component you have to
K is nothing but you already know K is 2 pi by L and L is going to be a function of

frequency. So, naturally you will have to calculate your k and t is the time and then



epsilon m is the random phase angle distributed uniformly between 0 to 2 pi which |
have already explained under random waves. So, this K m is related to the dispersion
relationship as indicated here x and y are coordinates horizontal coordinates at which the
surface elevation is being considered at any location x or y, so this general expression
rho x u the description of wave elevation very clearly, it has considered the frequency
components, it has considered the direction of components and it has also accommodated
a particular location in as a function location. So, this is in its generalized form the

representation of wave profile.
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Representation of surface wave profile (contd. )

The amplitude a,, , is related to the directional spectral density 5(f,8) as

Fopy Oy + 56, =
mn®n1 2 S 6. )at8 "
amn = S\ g, 6y 16786, (&)}

rrl!::
'rIH r:l\ 2
Eq.(3) and (5) are difficult to be dealt with from a practical peint of view, they
refer to infinitely large number of wavelets distributed at infinitely small
intervals.

A practical approximation to them is the use of sufficiently large number of
wavelets in Eq.(3) and of sufficiently small intervals of frequency and direction
in Eq.(5).

Accordingly Eq.(3) can be rewritten as

nix .t = . 3m fCOS| KX COSOp + Ky SINGy ~20fml+em p) (€

.‘_“d;‘ 11 =S(m. 6y ). &l A6, (n=30m =200 SAY

Now the amplitude here is related to the directional spreading function. Now how the
directional spreading function how it is related half amplitude square is will be equal to
the product of spectral directional spectrum into the delta f and delta three. So, here again
you have n ranging there is the theta from n equal to 1 any number of components
indicating the theta the directional components and f is the frequency components. Now
you look at the equation three equations 3 the upper limit is infinity. So, that means you
have a more number of that is the equation 3 as well as 5 it will become quite difficult to
deal with from a practical point of view as they refer to infinitely large number of

wavelengths.
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See please recollect that random wave itself a superposition of a number of sinusoidal
components. So, based on a number of sinusoidal components you have wave time
history. Similarly, here when you want to superpose if you have too many infinity it is
not possible practical from practical point of view it is very difficult. A more appropriate
or practical approximation is used is to adopt sufficiently large number of wavelengths in
equation 3 and sufficiently small intervals of frequency and direction in equation 5. That
is in equation 5 smaller intervals of frequency and direction, but in equation 3 affix the

number of components.

That is a better way and easier way and from practical point of view it is a quite feasible
to simulate the waves close to reality. So, accordingly with this statement equation 3 can
be represented as shown here, all the variables are already defined | cannot keep on
redefining or keep on telling what all the variables by now you should be familiar and
now half amplitude square also provided here. Now | can select the number of
directional components as approximately 30 and number of frequency components.
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Say about 200 that should be for a representation for the proper representation of the

waves.
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Prof.V.Sun

How this thirty, 200 these are all based on a number of calculations that has been done
by Goda and you have to refer his book for the complete description of whatever | am
giving this lecture. So, spectral density direction of spectrum as | have said is explained
mentioned here where this is going to be the directional spreading function and S is the



frequency spectrum if the relationship equation 8 is used and then equation 7 can be

written as shown here.
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Representation of surface wave profile (contd.)
The directional spectrum 5(f,0) is expressed as
5(f, 8) = s(f).D(f, 8) (8)

Where D{f, 8) is the directional spreading function and 5(f) is
the frequency spectrum. If the relationship of Eq. (8) is used,
Eq. (7) can be written as

3 =250 5 Dl br 108, @)

For a given location, x and y are fixed and hence Eq.(6) can be further
transformed as

M
n(t)atxy= T Apy cOS{2ripl-op (10)
Where Ay, = 32 (11)

o =tan~"|"m/
m -

- ( y sk yS R
m = I 2mn"08 Km*Cos6p, + Ky ySingy,

Emn
C

o K c - . .
Sm= Iﬁ“rrm“"‘"‘ Kk Coséy + kySindp+ €mp |

So, for a given location after all you will be interested in particular location x and y are
fixed and hence equation 6. Look at equation 6 this is equation 6 and you have x and y,
now these are fixed and hence equation 6 can further be transformed as eta at any
location x and y as a summation of shown here. Where this is a summation of the

frequency components the directional components are coming in picture here.
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Eq.(14) is sometimes employed in the numerical simulation of 3D waves. In such a case the
wavelet A is determined as

Am = \P‘L"'m | Afm (15)

The determination of A, by eq.(13) is incorrect from the view point of wave variability.
The variability of waves should be considered by setting x and y to zero to eq.(13) and
eq.(14) [for a fixed location] without loosing generality. Thus

K

Cm= \(1‘}"2 n“0Semn (16)
=

K
. i =
Sm = ”‘__amnb'” mn (17)

Sufficiently large number of K enables the application of the central limit theorem to
eq.(16) & (17), states that if ‘n’ is large, the waves follow Gaussian distribution.

Since e, ,is uniformly distributed between 0 and 2x, and C,, and§,, have zero mean.
The variances of C,, and 5., can be shown to be

7
(3}

e
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So, this is how you can describe the wave elevation at a given location taking into the
directional aspects any doubts. Shall I proceed? Now equation sometimes is employed in
numerical simulation naught sometimes it is mostly employed in simulation of 3 D
waves. In such a case a m can be represented as shown here. Already | have explained
this is how you represent amplitude as a function of spectral density or the spectral
density is nothing but half amplitude of amplitude square. So, the determination of a m
by equation 15 is incorrect from view point of wave variability. Because that is a general
equation that when you set x and y equal to O then this equation 13 and 14 for a fixed

location without losing its general description can be rewritten as shown here.

These are the equations | am talking about when time permits, you have to sit and derive
yourself sufficiently large number of k enables application of central limit theorem to
equation 16 and 17 stating that if n is large the waves follow Gaussian distribution are
the wave elevation is normally distributed it follows a normal distribution or we say that
the wave is a waves are a Gaussian process. Since epsilon suffix are m comma n is
uniformly distributed between 0 to 2 pi, that means 0 and 2 pi as stated earlier. We have
been seeing this from the beginning from our random 2 D waves and now C m and S m
will follow will have a zero mean the variances can automatically be proved to be as a
product of frequency interval and vector density in fact we have done this for 2 D waves.

Please look at the lecture on two D random waves wherein we have done this.
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Alternate spectral representation of sea
waves
It is well known that a Fourier series may represent a periodic signal, which
contains components at multiples of the fundamental frequency, fy. This may
be written in complex form as

)=, i2mnft

Where a, are the complex Fourier coefficients
given as 2
a.= - J:rg(f:c' i

If n(t) is real we must havea, =a,

Alternatively,

. | =2enfpt
3 el : i
= ] with A, =2a,(a, = o for mean 7 to be zero)

n(t) = Re
| 4




Alternate representation of sea waves alternate representation of sea waves it is well -
known that a Fourier series may be it may represent a periodic signal which contains
components at multiples of fundamental frequency of peak frequency or fundamental
frequency f naught in a complex form it can be represented as shown in this equation.
Wherein a n is nothing but these are the complex Fourier components or Fourier
coefficients which are represented as shown here. If eta of t is real then we must have a

suffix minus n equal to a suffix n brush up your Fourier series.
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Arandom seaway may be represented as an infinite sum of sinusoidal components
traveling with different wave numbers k, frequencies, f and directions 8, n can be
written as

= r .
= :‘ An expii| KyCos (6, )¢ = K Sin(ép |y - 2yt |

n=

As a generalization including the shallow water conditions (that is why f & k are
considered). we may adopt a spectrum S(k, f, 8) such as S(k, f, 6) dk.df.d@
represents the contributions to the variance due to component waves with
wave numbers between k and k+dk, frequencies between f and f+df and the
directions 6 and 6+d6 we know that

§,.(1)dl = 7
7 7

fedl || ?|

n

It can be written as

Ky o] £ +dif | (6 +
S(kf 6)dkdfdé=" ¥ ¥
ko

So, alternatively eta (t) can be represented as real part of that summation, which is shown
there with a n representing or equal to twice a into the Fourier coefficient, a n in which a
suffix 0 equal to O for eta to be mean 0 process. So, then with this background a random
sea wave may be represented as a infinitely small infinitely sum of a sinusoidal
components travelling with different wave numbers and frequencies and directions
which can be represented given as the equation represented there and this is referred to as

single summation model.

In the earlier case we had double summation, now we are only having single summation
let us assess that single summation is much better than double summation you need to go
through the literature as a generalization including the shallow water conditions when
you want to include the shallow water condition that is the reason. We bring in k because

k carries 2 pi by | and 1 takes care of the shallow water condition.
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So, we may adopt we can adopt S (comma, f, theta). So, initially we have S (f) then we
went in to f (f) comma theta considering the theta also the direction spread. Now we have

brought in k also that is to account for the shallow water situation.

(Refer Slide Time: 28:30)

This into d k into d f into d theta is going to give the contribution to the variance due to
the component waves with wave numbers k and k plus d k frequencies f plus f d k and
theta and theta k and we also know that S eta of f into d f is going to be summation of

amplitude square, this is the basic definition which we have already seen. So, it can be re



written if you account for all the other components that are being considered in the same
form we can bring in the other constituents like your frequency direction as well as the

wave number and the whole thing can be represented as shown here.

(Refer Slide Time: 30:17)

the variance itself may now be written as

g XTI
op=|| | S(kf8)dkdf dd

00

The directional spectrum can be obtained from the 3-D spectrum by the following
equation.

@
S(ré)=| S(kr.8)dk
0

So, hence the variance itself can be may be now written as integration of your wave
number spectrum. Now the directional spectrum can be obtained from the three
dimensional spectrum by the following equation. Now a directional wave number
spectrum may be developed in a similar way similar to what we have seen for the
direction of frequency spectrum and the whole kind of relationship which we have been

discussing will hold good here and it can be represented the way we have written here.
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The relationship between the directional wave number and frequency spectra
involve the Group Celerity

dr ., (d)
G~ gk  with this, it can be shown that

1
S(k.6) 7ECGS{ f.6)

One-dimensional frequency and wave number spectra can be obtained by
integrating the corresponding spectra over 6

sif)= | sif.ode
=T
T
Siki=| Sik.ode
-
and the variance is given in terms

@

P =]r[5;r|dr= S(k)dk
0 b

So, which shows S of k into k of theta as a function of has a summation of your wave
number spectrum. Now you have brought in the wave number spectrum as well as the
frequency spectrum and you know how these two are linked by some kind of as we have
already seen the dispersion relationship.
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But this inverse let me take group celerity will be nothing but d f by d k into 2 pi that is
from fundamentals and hence we can prove that your wave number spectra is here. We



are talking only about wave number spectra as a function of frequency spectra both are
dimensional spectra you understand what we have seen earlier from this.
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We have this as a function of only the 2 D spectrum from which we got the direction
spectrum. Now what we have related your wave number spectrum to your directional
frequency spectrum and which is a link the link is provided by the group celerity and the
other things are the one dimensional frequency spectrum and the one number. | mean one
dimensional wave number spectrum can be obtained as it is the vice versa as | have
explained here the other way you can represent as shown here. So, much we have talked
the both of the directional spectrum which are two factors are one is your spectral
density. Spectral density is one dimensional spectrum and the other thing is other
parameter is your d f theta.
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NPTEL

Which is the directional spread as | said earlier similar to number of frequency spectrum
standardized the frequency spectrum. We have a number of standard directional
spreading functions.
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Directional spreading functions

(a) Acircular normal distribution by Mobarek (1965) and Fan (1968)

D(f.ﬁ):e%

in which a or 6 is the central direction of wave travel, o is reciprocal of variance and
lo{cx) is modified. Bessel functionis second kind and zeroth order.

(b) Wrapped - around Gaussian model: Borgman (1969)

This model is an exponential model based upon a normal distribution and can be
expressed as

£ _(f_ -8y .
D(£.0)= 3 =O=2TEZ0F )

= oir

in which 6;is the mean and ¢ is the variance.

So, there are a number of directional spreading functions which | am not going to detail,
but all these things are listed you can have a look, but I will touch upon a few directional
spread which is widely adopted first is by Mobarek and Fan. They adopted a circular
normal distribution as indicated there all the variables in are denoted there.
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Directional spreading functions
(contd.)

(c) A finite Fourier series expressed as is most often used

a N
D(t8)=-2= T [a

08né + by, sinné
=t

(d) Cosine squaredis expressedas

.DI_#.!H’i = lcos’ @ for [6|< =

0 otherwise

(e) Directional Spreading Function of the Mitsuyasu - type: [Mitsuyasuet al (1975)]:

Mitsuyasu et al (1975) have proposed the following function on the basis of their
detailed field measurements. = < o [
D(f,0)=D,cos |Tf

Where 8 is the azimuth measured form counter clockwise from the principle
wave direction. Djis a constant introduced to satisfy the condition given by

[D(f.0)6=1

Then you had the we had the wrapped around the Gaussian model by Borgman in 69 and
that is given by this expression in the form of finite Fourier’s series expression as it is
most often used as shown here, but the why the widely spread widely used directional
spread are these two, one is the cosine square theta. Where in the cosine square theta the
directional spread is given by this expression for absolute value of theta equal to less
than 90 degrees or pi by 2 or equal to 0 otherwise. This is one kind of a spectral cosine

square spreading function which is widely adopted.

Then the other one is that directional spreading function this is author Mitsuyasu and this
has come into existence in 75 they have proposed the same thing except that it is
associated with the d naught and your have brought in a parameter S which is called as
spreading index. So the spreading index takes care of how the distribution should look
like whether it is a broad distribution that is a wave coming from a wide range of
directions or it is coming from a slightly narrow range of directions. So, in order to

accommodate that they brought in, what is called as the spreading index?

Now here the theta is the azimuth measured from counter clock wise from the principle
wave direction and D naught is a constant introduced to satisfy the condition given
below. That is the directional spread minus pi by 2 summation of that equal to 1 which

already we have seen in the directional spread.
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D= F_r“ cos* | %]n’ﬂ

s is a parameter related to the frequency which will be discussed later. If 5
increases, the spread decreases. If the range of the angle is such that 8, = -n,
Omax = 7, the constant Dy becomes

D = 2 T (8 +1)

U r(2s5+1)

whereT is the Gamma function. By settings=
10, for example D, becomes about 0.9033 and
the directional spreading function is calculated
as shown by the solid line of Fig.3.

Now this D naught this is given here theta minimum what is the theta minimum to theta
max and cos 2 s of theta by 2 to the power minus 1. So, as | said s is a spreading index is
a parameter that relates the frequency which will be discussed later, but then one thing is
clear, if spreading index that is if s increases the spread decreases from this expression.

So, if the range of angle is eta minimum equal to minus pi and theta maximum plus pi.
That is a normal case so the constant becomes as something as shown here where gamma
is equal to gamma is the gamma function and s is the spreading index for example, if for
just to have a feeling for the spreading by setting s equal to 10 for example, then D
naught becomes so much and then you can and the direction of spreading function can
easily be calculated. So, direction spreading function is here so that can be calculated and

this would be the kind of variation you would have for the directional spread.

This is how you can indicate the spread of the energy as a function of directions the other
picture shows the cumulative representation that is so, if you look at the cumulative
distribution. Now you can see here that it lies most of the energy lies in this spread is
lying between minus 30 and plus 30 degrees, that is where the contribution of the waves
directions which are coming from minus 30 and 30 and that is where the majority of the

contribution of energy to the total sea wave takes place.
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The cumulative value of D{f, 8) from & = -n is also shown in this figure as the dash-dot
line. From this cumulative distribution of D{f, &) it 1s observed that about 85% of the
wave energy is contained in the waves spread between

Example of directional spreading function

The parameter, s of the directional spreading function of Mitsuyasu et al (1975) represents the degree

of directional energy concentration and has a peak value around the frequency of the spectral peak.

The value of 5 decreases towards to the higher and lower frequency zone on either side of the peak o= =
frequency. y

This is what is mentioned here is observed that 80 percent of the wave energy is
contained in the wave spread between minus 30 and plus 30. So, this | have already
explained here that about the parameter s of the directional spreading function represents
the degree of directional energy concentration and as a peak value around the frequency
of spectral peak.
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(f) The spreading function of Goda and Suzuki (1975):

The peak of the parameter s of the earlier formulation of Mitsuyasu et al (1975) was
denoted as s,,.,. by Goda and Suzuki (1975) and

s=5.. (1) forfsf

Seue (1 1) foxf2f

The frequency of spectral peak, f;is related to Ty/; as
- 1
£ 1.08T,

The directional spreading function as a function of dimensionless frequency, f*= f / f; for
Smax = 20 15 illustrated in Fig.4. The range of the energy distribution is set as -n/2 < 8 <8/2
and the normalization constant Dy is evaluated by numerical integration for each directional
spreading function.

So, value s decreases towards the higher frequency and lower frequency on either side of

the peak, the spreading function of Goda and Suzuki this came up in 1975. Where they



have represented this s spreading index as a function of S max and relationship are given.
Here now this is relating the spreading index as a function of peak frequency, but as the
contribution made by Goda and Suzuki in 75 and here the peak the spectral peak is also
related to t one third as shown here, now the direction spreading function as a function of
dimensionless period frequency. Let me call this as this is f theta is frequency at which

the spectral energy is maximum.
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So, the spreading functions for different values of this ratio for a particular S max. S max
is provided here S max say for example; for 20 is fixed then this is how the spreading

functions.
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Would look like if you assume S max equal to 20 and this shows how the energy is
distributed as a function of a direction. Please remember that it was Goda and Suzuki
who brought the relationship between the directional spread and the peak frequency
directional spread in terms of your spreading index. As | have explained in the previous
slide and this is how it would look like. So, as your f by f naught increases you see that
you have a wide range of a distribution. If it is less you have the spreading function
narrower. So, if it is narrower most of the waves are coming within a very small range of
directions that is what it indicates.
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The values of s,,,, for practical Engineering applications are given below.
i) For wind waves s =10
i) Swell with short decay distance
(with relatively large wave steepness)
ili) Swell with long decay distance
(with relatively small wave steepness)

Particles Kinematics under 3-D Waves

The particle velocities, u,v and w in the x, y, z directions are given as
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So, the value of S max for practical engineering applications is given here for wind
waves. This is the reason why the S max was brought into picture that is for wind waves.
It is S max equal to 10 mostly that is what is used around the 10 swell and short decay
distance with relatively large wave steepness. We use a value of value of 25 is
recommended. Swell with long decay distance S max is recommended as 75 so, having
seen in detail the representation of eta. We can use the relationship easily the relationship
between eta and the particle kinematics and it is possible for us to obtain the expressions
for the velocity particle kinematics.

Earlier we used to see only for u and v that is the one horizontal in the direction of wave
propagation, one in the vertical direction. Now you have the directional waves so, you
have two horizontal in the horizontal planes on one vertical and that is what is given here
u, v and w. So, the expressions are given here. You can use those expressions all the
values all the variables are defined, use this formula to simulate your particle kinematics.
If you have measured u, v, w and also you know eta at a location and if you want really
prove that your measurements are correct use these expressions try to validate your

measurements.

(Refer Slide Time: 45:34)

Instruments at field

S

Aview of Tide gauge s
Aview of wave data buoy

Sampling information Sampling information

Sampling rate 1.28Hz

For every 3 hrs will have a measurement record for Record length 1800 Sec
35min with sampling interval of 2Hz. (continuous recording)

So, instruments used for a just give a small explanation about this usually you have a
wave rider buoy. When they say wave rider buoy that means it is not going to measure

the directions, if it is installed in a particular in a location at that particular location. It



will do the wave elevation. So, it will give only you can get only the two dimensional
spectrum, but if you have a directional wave rider buoy here it is a wave rider buoy, but
in this case the direction also is measured. If we have a directional wave rider buoy so,
the left hand side shows the tide gauge and we have used all these equipments to monitor
for the purpose of obtaining some detailed investigation for carrying out some detailed
investigation on the wave and the flow field conditions within a groin field.
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We have used some of these instruments with in collaboration with NIOT is a part of a
major project. So, | will just show you some recording what we have done. So, this tide
gauge will record for every 3 hours it will have a measurement or record for 35 minutes
with the sampling interval of 2 hertz and in the other case it will be a sampling rate
adopted as the 1.28 and the record length was about 1800 seconds.
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Here in the recording was on a continuous basis the data was transferred online and then
we used to then take the data and for further analysis. So, this is a groin field along north

of Chennai harbor. So, Chennai harbor again some of those.
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So, this is India map something like, so where here is your Chennai? So we have a groin
field where in we wanted to work on the do some measurements some of the some of the

stations are located here. We had the measurement of waves and other parameters here.
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Field measured time histories

This station 2, station 3 or station 4 and station 3 are also there. So, then this is within a
groin field all this red color indicate the groin field drawings. So, this is a station 4 so,
the typical time histories recorded at station 3, station 4. So, station 3 and station 4 are
indicated here. So, the black one gives you the wave elevation the red indicates the inline
velocity or the horizontal both are horizontal one is into horizontal direction and other

one blue is the transverse direction.
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‘Wave surface elevation and it spectral density

So, with which you can also find out what is the directional spread at that location?



(Refer Slide Time: 49:13)

Spectral density and its spreading at St- 3
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So, this is a typical surface elevation and it is spectral density at this is in station 3 and 4.
So, this is station 3 one of the stations so, this is how it provides the information. What is
a kind of a frequency range for which the energy is really dominant etc all this
information can be obtained from such a result? So, this is the directional spectral density
as you can see here direction is there the frequency is also there and from an analysis.
You can we have obtained the wave direction and the predominant or the principle

direction is as indicated here.
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Spectral density and its spreading at St - 4
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So, this spectral density shows exhibits two peaks and this is another location wherein in
station 4, how the directional spectrum looks like and its distribution of its directional

spread and the spectral density the two dimensional spectral density.
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Analysisof wave datacollected at Royapuramcoast in 20m waterdepth
(29 Dec18:00 hrtozetDeci8ioo hr) = THANE cyclone

Also the analysis collected during the THANE cyclone reported here. So, the wave rider
buoy measured all this information so, you have the raw data here you have the three
dimensional spectrum. How the theta is distributed, how the spectral density looking all

the information can be obtained.

(Refer Slide Time: 50:55)

Analysis of wave datacollected at Royapurameoast in 2onrwater

SPECTROGRAM
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This is the spectrogram where the raw which shows the relationship between time and
frequency on the side. You see what you see on the right side is the energy concentration
as the function of frequency and on the bottom figure. You see the energy concentration
as a function of time.
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This demonstrates that what you can do with the information on the directional waves |

think with this I will close.



