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Welcome to Numerical Ship and Offshore Hydrodynamics.
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Today we are going to discuss about the incident wave and wave force ok.
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And, this is the keywords to get this lecture.
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Visualization of Wave elevation
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Before we start, let us see the visualization of the wave elevation ok. Now, we can see
that water particle actually moving in this circular fashion and then that this wave is
propagating in the horizontal direction as follows. Now, this green dot basically tells you
about the wave amplitude and then when it makes the complete circle, let my green dot
comes down and up; it actually travels from this peak to the next peak right, you can see

that. Now, with this visualization let us move forward.
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Visual Understanding

1, = Acos(kx)

Now, here | can as | said that when this green dot makes the complex rotation, like it go
down and then come up, then this waves moves this peak to the next peak ok. Now, this
we call the wavelength; that means, the length of the wave when this water particle
complete 1 circulation or 1 rotation. Secondly, we call from this 2 to - 2 that that
complete that that height from the top to the bottom, we call this is the height of the wave
ok.

And, this top part we call the wave crest and this part we call the wave trough. Now,

from the classical that you know angular motion you know that this if omega is the

frequency and T be the time period. So, both are the having a relationship with o= 2_|_—7[

right ok. So that means, that water particle takes the time capital T to get the complete

rotation.

Now, similarly as | said that for a full rotation these also travel the lambda length. So,
then we can define one parameter k which is called the wave number. It means that
similar to the wave | mean the wave frequency omega. So, meaning is same; one is in the
respect to the time and one is the respect to the space. Now, how to understand this?
Basically, that if you take this snapshot here. So, we can have a harmonic; that means,
you are fixing at any point of time suppose you can see some progressive wave and then

at each point of time you take a snapshot, you can find that this sinusoidal pattern.
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Now, similarly what we could do is that if you fix a point x, let us you fix a point over x
like this green dot and if you see the oscillation of the green, then you can see a harmonic
motion. So, this is harmonic in the direction of x, if you take a snapshot, if it is harmonic
in the direction of the T also. See, in case of a direction of T, we have the frequency
omega in direction of a x, that mean direction of the wave propagation we call this since

this is harmonic; so, we call this as a wave number.

So, here it is a):z_l_—ﬂ, here is k :27” ok. Now, as | said if you fix a take a snapshot, if

you take a snapshot then this signal is 7, = Acoskx Now, if you fix the space and if you
just look at the motion of this green dot, then you know 7 is basically you can see it is
Acos(wt) . Now, you see here this 7 is a function of both, if you take a snapshot you can

find a sinusoidal curve which is the this one.

And, also if you only follow the motion of this the green dot which is comes ups and
down. So, if you try to plot that then again you can get a sinusoidal curve right. So,

therefore, » is actually function of both function of space and as well as function of t.

Now, let us try to understand some more definition which is called the speed of the

wave.

Now, here you can see that this T basically the time period it says that as this water
particle which is the blue dot moves a complete circle, if | take a time T; at that particular

time T, these waves move horizontally the lambda distance. So, therefore, the wave
A i . .

speed should be T It means that if the particle you know water particle takes a complete

circle in time T second, then this wave travelled along the x direction is 4 meter. So,

therefore, we can define the wave speed C = % .
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I
Visual Understanding of wave elevation
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So, now, let us try to understand that what would be the equation of the wave in that
case. We understand that it is function of x, it is function of T, then what would be the
combined equation; that means, a wave which is propagating in the positive x direction.
Now, before that we need to understand the s concept of the phase. So, let us see the
video. So, we have the same wave; however, the frequency is same, but it has some

phase.

(Refer Slide Time: 07:10)

Visual Understanding of wave elevation
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Now, if you look at this carefully, you can see that as if this wave profile is actually

slowly moving forward right.

(Refer Slide Time:07:21)

Visual Understanding of wave elevation

This is something we can call as a progressive wave, just see carefully. This slowly it is

moving forward.

(Refer Slide Time: 07:31)

I
Visual Understanding of wave elevation

So, now, we can see what | am trying to do here, that I am making the phase from 2 =
into 0.8 to 0 and | can see that what is actually happening.
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Visual Understanding of wave elevation

Understanding of phase

Now, let us see this video fully and then we can understand. Now, you can see here

earlier there will be a bunch of waves are travelling and now only a single

monochromatic wave is travelling. So, what is happening?

Now, let us see again this video one by one. Now, here what | can see there is all the
waves have some phases and moving. Now, as if you can see that this wave is basically
the propagating in the forward direction. Let us see again, it appears you like this, this
wave is propagating a wave is propagating in this fashion right from the left to right,

right.

Now, what I am making slowly, I make all the phases equals to 0. So that means, | am
initially is 0.8 then 0.6 then 0.4 then 0.2 and then finally, I can get the phase equal to 0.
So, once | do that | can see that this, see now slowly this wave is not propagating you see
like, if I make this video little bit here, maybe here; now we can still you can see that

wave is like propagating slowly.

Now, you see that as we are making phase is equal to 0. | can see that wave is not
propagating as such in it is like only a single motion. Now, we can see when the phase
equal to O, it acts like a monochromatic a single wave. So, it is you do not have this

visual impression that wave is propagating.

175



So, this visual that thing will only coming when | can see lot of phases are there. So, if |
make everything 0, then it is as if there is a one single wave is moving. Now, this let us

try to understand what is this.

(Refer Slide Time: 09:48)

Visual Understanding of wave elevation
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Now, this is the first thing you can see let us say | assume that wave is moving slowly
from here to here. Now, this phase is let us see the in some other way, like in this phase
if I assume that basically wave is travelling with a speed c right. So, what is happening in

this particular picture?

Now, | can assume that this along with this the dotted black wave, this dotted black wave
basically it is travelling progressively from green to t ok. So, again I can consider let us
see that all these waves have the different speed let us say ok. So, therefore, | can assume
that if one wave is cos x, another wave may be cos x plus and then Vct that you can think

of a phase ok.

So, idea is very simple. Now here from here to here, this let us say the wave travelling in
progressive wave travelling forward, it will if | take the time t. So, therefore, this
distance definitely ct so; that means, after time t, the wave travel x. 1 mean the wave
travel ct distance. Now, if | make (x-ct) basically, what I do? | cannot see this wave is
progressing either, that is from the visual the MATLAB that you can see from here; I can

see it is actually a monochromatic wave.
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And, this wave basically can have a unique definition right. So, here the point is if we
assume this x-ct, then actually visually 1 can see there is only single wave and this
equation of these waves can be written in forms of 7 = AcoskX . So, this is the idea, this
is the idea that I am assuming that the velocity if the velocity the wave is c. So, at t time

it is moving x - ct that is how it is progressing.

Now, if | take X=x-ct capital X equal to x - ct, then actually 1 am getting a simple wave
which is travelling along x and with a frequency k. And, then equation for this particular
wave is 7= AcoskX right. Now, if we understand this visually then remaining part are
simple algebra. We really do not have to think much. Now, if I understand this really this

physics part where | am trying to say that, x-ct is as if a monochromatic wave with the
frequency k, then the signal should be A cos kX ok.

(Refer Slide Time: 13:02)

Now, what is happening here, | can write then 7= Acos(kX). Now, this capital

X=x-ct. So, therefore, | get Acos(kx—kct) right. Now, | replace the value of k here.

So, k :27” and you know the ¢ :% , see if | replace over here.

. 2 A .
So, | will get So, Acos(kx—f?t) lambda lamda cancelled out. So, I will get

Acos(kx—z?”t). Now, I know that co=2_|_—ﬂ . So, therefore, finally, | can find out my
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n = Acos(kx—at) ok. So, this is my final equation of the linear progressive wave ok

fine. So, now let us go back to here and try to solve the boundary value problem ok.

(Refer Slide Time: 14:46)

Boundary value Problem Without Body
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So, let us try to solve this boundary value problem. Now, our governing equation is
V?$(F,t) =0 and these are the you know boundary conditions. Now, we have this free
surface boundary condition ¢ +g¢, =0. We have the body boundary condition ¢, =V,
and we have the bottom boundary condition ¢, =0. And, then we have the initial

condition and the radiation condition.

Now, here since the problem is without the body right; so, we can discard this boundary
condition, because we do not have the body here right. And, also let us do one thing, this

combined free surface boundary condition let us you know split into a kinematic free

surface boundary condition which is ¢, =n,. And, then the dynamic free surface

boundary conditionwhichis ¢ +gn =0 ok.

So, this is my boundary value problem. I am going to solve V’4=0 with ¢, =7,
#+09t=0 ¢ equal to | mean this of course, at z=0 . And, then the normal velocity

¢, =0 at z=—h and then we have the initial condition as well as the radiation condition

ok.
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Expression of the velocity potential for Incident Wave

Considering 2D wave

Assume :1) = Agos (kv ot) Trial Sol :¢=F(z)sin(kx- o)

o)
So, now we are assuming the plane progressive wave 7 = Acos(kx—at), where A'is the

wave amplitude, k is called the wave number, @ is a frequency right. Now, to solve this

| am assuming the trial solution

Now, the question is why | select this as a trial solution? Answer is very simple, actually
I know that that it is harmonic in x direction right, the wave is harmonic in x direction
not in direction of the z So, therefore, the ® must be harmonic in the x direction. So,

either this should be the sin(kx — wt) or cos(kx—wt) , thenwhy I select it is sin(kx — wt)

right.

Now, this is the answer also very simple here. Now, you have let us find out just guess

op _on

that my kinematic body boundary condition which is nothing but R Now, if |

differentiate 7 with respect to t, I will get here is sin function and if I differentiate ®

with respect to z, again | am getting the sin function. So, therefore, looking at this | know
that if my 7 = Acos(kx —at), definitely my solution become Fzsin(kx —wt) ok. So, with

this understanding let us go forward.
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Expression of the velocity potential for Incident Wave ’

Considering 2D wave

Assume :n = Acos(kx- ot ) Trial Sol :¢=F |z

S

sin(kx-ot)

Taking ¢ _+¢,=0

~k*F (z)sin(kx - 1)+ F"(z)sin(kx - @1) = 0
F'(z)-KF(z)=0 .sin(kx-01)#0

Solution

F(:):C,e':+C2e"c o &

Now, | am taking the Laplace equation ¢, +¢, =0. So, there is many ways of writing

&g

the same thing, | can write —= orI can write ® x s or ¢,,, both are the same thing. So,

X
now, if [ substitute this @ here so, what I get? If1 differentiate @ with respect to x 2 time,

then this - k? will coming out.

So, | have here — k? and then if I you know differentiate ® with respect to z, then we

have this function F(z) it should be the F double dot z right fine. And, then I know that

since sin(kx—at) #0 throughout; so, definitely the other part should be 0. And

therefore, | can get a very simple you know differential equation F'(z) -k’ F(z) = 0.

Now, also we know what is the solution for this particular problem, I know that you
know there is the solution technique that you can take z equal e to the power, | mean

F =e and you can substitute over here. And, then we can find out the solution is very

simple F(z)=Cg“+C,e™ ok right.

So, this is very elementary till this point, I mean the solution itself is very simple, but

you understand that how to get this solution for F(z)¢,. Now, in the next what | going to

do is I replace this F,, this value Ce* +C,e™ into the solution of ® ok.
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Bottom Boundary Condition

Trial Sol :¢= [( ',e’“’ +( ':e'k ] sin ( kx -t op =h ¥

) —=0 a:z=
Sk
elqzol:] )—A11¢h)

Ce"-C"=0 chsinf-a) 20 g=g& ¢ ]sm(m_m)

¢=Ccoshk(z+h)sin(kx- )

—kz

So, now my trial solutions becomes (C.e* +C,e

o

apply the bottom boundary condition which is e 0 at z=-h right. Now of course,
z

op _0o9

on oz

)sinkx . Now, here | am going to

you know that at the bottom that normal right, because you know that in

bottom is horizontal so, normal is the z direction. So, it should be del ® del z.

So, if I apply this; so, if I apply this what I get? So, if | differentiate with respectto z, if |
divided @ with respect to z. So, definitely k will coming out right and also | put z=-h.
So, it should be the kz should be - kh and then - kz should be kh right and if 1 define the

second term, then - should be coming out. So, definitely I am going to get this.

So, from here what | get? | can get Ce™ =C,e" right. The both the value is same and

let us take that both the value is same and it is same as % where C is it is an unknown

to me, | can do that right. There are many ways to do that | can replace C, :%ek“, that

also I cando and I can proceed further.
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But, there is a different way of solving the same thing. So, this is the way that we are

going to solve. So, I am taking Ce™" =Ce =% and from here I can get the value of

C, and C,.So, | getthe C, :%ekh and | am getting C, :%e-kh right.

So, now | know the value of C , | know the value of C, so, definitely I am going to

substitute over here right. So, once | substitute and | do some mathematical you know

adjustment, | will get the first term Ce®*" | 1 get @ Now, this is a hyperbolic

function right, it is cos hyperbolic.

So, therefore, I can get the solution ® equal to Ccosh(kz +h)sin(kx—at) right. Now,
here still 1 do not know the value of C. So, | need to find out the value for C. So, we are

we need to use some more boundary conditions to get the value for C.

(Refer Slide Time: 22:51)

Dynamic Free Surface Boundary Condition

n = Acos(kx- ) g+gn=0at z=0
¢=Ccoshk(z+h)sin (k- o)

#0
~Cocoshk(zT)cos k-t ) + Agco’s{kx —wf){'
/

c=—18
\a)coshkh
; _}‘_gcoshk(ﬁh)sin(kr—ax) 9
o cosh kh . _’ 3
Vo) g

So, in next | am use the dynamic free surface boundary condition to get the value of C.

Now, you see this is my z;is Acos(kx — wt) and then we have the @ which is my velocity

potential or you can say the it is incident wave potential, that we say it is
Ccoshk(z+h)sin(kx—at) . And then I so, I differentiate @ with respect to t. And, then I

substitute the value for nand | put z=0. So, once | do that, I can find out this

expression right.
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So, this of course, this you know if you differentiate with respect to t, that this - omega
will coming out right and then you put z=0. So, here you can put the z=0 so, |
cancelled this. So, | put zequal to 0 over here and then I can solve for and also here I can

make an argument that cos(kx —at) =0 of course. And, then we can obtain the value for
C which is 29 cosh(kh).
@

Now, this value of C, I need to substitute over here in @ and once we do that I get the

_ Ag coshk(z +h)sin(kx —at)
w cosh kh

expression for the incident wave potential ¢' .Now, this

is for the finite depth right. So, you see like we have the another boundary condition.

(Refer Slide Time: 24:29)

Kinematic Free Surface Boundary Condition
n = Acos(kx-or ) g,=n, at z=0

J= Ag coshk(z+h)sin (ke - )

® cosh kh

a)2 = gk tanh ( kh) Dispersion Relation

Dispersion Relation for deep water a)2 =g k

Dispersion Relation for shallow water ('3 &= gh ' ,
(O\ [
Op)

So, if | apply this another boundary condition what we get? Now, if | apply this

kinematic free surface boundary condition and you can work out; that means, ¢, =7,

atz=0 . If we use it, then you will get a relation between the omega and k which is

called the dispersion relation right.

So, this is of course, very important relation for us, I mean and this is very important
because this tells you very nice phenomena about the waves the difference between the
water wave to sound wave or electromagnetic wave. But, at this in this course we really

not going to discuss the physics part of it rather we are much more interested to the
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solving this problem. And so, therefore, we are going with the deep water situation when
actually you can take htending to infinity, then tanh(h) =1.

So, then the disperse relation for deep water equal to omega square g can you know we
are going to use this results in future, because in ship hydrodynamics we are mostly
dealing with the condition where you can assume that the water depth is infinity; I mean
the. So, therefore, we are going to take this dispersion relation. However, the physics part

is definitely very important and separately one can discuss in other courses.

But, here we are focusing only on the numerical part of it and also the dispersed relation
for the shallow water is C®=gh, that also very limited take h tending to O then
tanhkh =kh. And, if you solve this you can get the C* =gh this thing. But, we are not

going to use this second thing, we are definitely going to use the

(Refer Slide Time: 26:23)

Various physical parameter obtained from Velocity
potential

For finite depth
;- Ag coshk(z +h)sin (ke - 1)
10} cosh kh

For infinite depth

¢’:A—ge""sin(10(—wt) i
o '

@@) .

So, now so, this is to the velocity potential we are going to use, mostly I am not going to

use this ¢' in the finite depth rather we assume our all ship structure interaction I mean

ship wave interaction is on that deep water. So, therefore, we are going to use the

incident wave potential ok.
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Various physical parameter obtained from Velocity

potential
¢ = 48 sin (k- o)
= Acos (kx-or) ©

u=¢'= A8t cos (kx—ar)
0

w=¢! _Agk e sin(kx-ar) @
@ e S
P=-pd = Agpke" cos(kx- ot rw

-

0

Now, let us see that how I can find out the various physical parameter from this velocity

potential ¢' :&ekZ sin(kx —wt) from here. Now, here this 7 = Acos(kx—at) and then
w
o . o0
| can get the velocity in horizontal direction, it is e
X

o¢

And so, this is the expression for P So, | can get the horizontal velocity, | can get the
X

w also; that means, the wvelocity along the z axis. And, also | can get the most

. . . . . 0
importantly, 1 can get the dynamic pressure also using this relation p=—p§¢ and

which is the expression is Ag pe® cos(kx — wt).

Now, this is extremely important for this course. This is how | can get the pressure
around the body right. What is the pressure, because of this instant wave potential around
the body and this is the expression? Now, once | integrate this pressure | can get the
force and there that force is called the (Refer Time: 28:10) force and this is the one of the

major force for my you know the ship wave interaction ok.

So, we understand that, now | have the expression for ¢' and I can get you know | can

get the pressure over the body so easily, because analytical expression. And, if | integrate

this pressure, | can get a force which is basically the (Refer Time: 28:38) force.

185



(Refer Slide Time: 28:41)

Some Visualization
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Now, again let us go back to my; so, here some visualization that you know to tells you
about the fact that everything cannot be you know peak at the same time ok. So, let us
see here, you can see that that u velocity, w velocity, acceleration and acceleration at w

direction; all is not getting peak at the same time, it has is a phase.

So, this tells you that importance of the phase, not necessarily that force is always all the
forces is peak at the same time, because, sometimes that u velocity will be maximum,
then w velocity is not maximum, when the acceleration in that horizontal direction is
maximum that time acceleration in the vertical direction also not maximum. So, this
visualization helps you to understand that what is the importance of the component of the

forces, because all the forces not become peak at the same time ok.

186



(Refer Slide Time: 29:45)

The Basic Equation of motion

Yet to discuss

The coupled six degree equation of motion can be written as ;~

i[( My +4; )% +B,x, + C_’,kx‘(} =F" j

k=1 .

Now, with this let us finish here. Now, you can see this equation again I am coming, now
here we now discuss all this component right. We discuss the j modes, k, M, A, B, C, x,
now exciting force also. And, then this exciting force I now divide into different
component ok, which is the force coming, because of this way which is called the (Refer
Time: 30:18) force; this we just discussed. Once we get the ¢', integrate the ¢' get this

force.

But, we not yet discussed the other three things which is this A, B, C; we discussed, but
we did not discuss the another component which is basically the A. So, now discussion
of the A and discussion of the B is not yet done. However, discussion of the F° also is
not complete, only we discuss about this (Refer Time: 30:53) forces. So, in our coming
lectures, we are going to discuss this how we can obtain the this A, how we can obtain

this B and how we can obtain the diffraction force which is F° ok.

Till this point, thank you.
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