In which case

7= acos(kx -t) (2.45)
" &J( coshk(d+z) E
== cos(kx -at) (2.46)
a, =agk m:::’i:;z) sin(kx -ot) (2.47)
_ag sinhk(d+z) .
W k—wshk = sin(kx -ot) (2.48)
a, =—agk il cos(kx -t) (2.49)

coshkd

So, in this case eta will be a cos k x - sigma t, the u will change u and a x and w and a w, so, if
we assume a different velocity potential you remember we had to velocity potentials. So, we
started doing all the calculation with the first velocity potential but instead of the first day we
started with the second we will obtain this set of the wave kinematic parameters.

(Refer Slide Time: 20:36)

WATER PARTICLE DISPLACEMENT UNDER
PROGRESSIVE WAVE

+ The expression for individual horizontal and vertical water particle displacements is
Va
0 QL z s )
A
oske-ot) D (250)

Obtained as follows.

coshk(d+z)
sinhkd

%

Let 8, = D cos(kx -at) where D=g

8, = [udt

H
2

y
inforot) G o (2-51)
)

cosfik(d+z)
sinhkd

So we have studied the velocity potential, we found out the velocities under the progressive
where we have found out the acceleration now importantly we have to find out water particle
displacement is nothing but integral u times g T w times d T in extend that direction respectively.
So, the expression of individual horizontal and vertical particle displacement is integral u dt u we

already know in terms of h before.
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So, the final results comes out to be h by 2 cos hkd + z phi by sin hkd into cos k x - sigma t.
Similarly, the vertical displacement delta z is given by h by 2 sin hkd + z into sin hkd into sin k x
- sigma t these are the periodic terms. So, once you derive the velocity potential everything can
be found out. Now, if we say delta x = d cos k x sigma t k x - sigma t and we said D is h by 2 cos
h k d + 0 divided by sin hkd and similarly.

(Refer Slide Time: 22:00

H smhk(d+z)

8, = Bsin(kx -ot) where B= ki

5.\2 2 ,
2 SR o2 " ==z o
cos (kx—at)—(D) : sin” (kx ot)—(B) s UMM
Since, [cos? (kx — at) + sin?(kx — o ﬂm}y ¢ W

ASA

(3) (3] = B

This equation of an ellipse showing that the water particles moves in an
elliptical orbit.

Where, D= Semi major axis (horizontal measure of particle displacement)

B= Semi minor axis (vertical measure of particle displacement

We assume delta z is B sine k x - sigma t where B is a different quantity called h by 2 sin hkd + z
divided by sin h therefore, we can right cos squared k x - sigma t is delta x by d whole squared,
let us go back. So, what we have said is this is D and this is B. So, if we take D down so, it will
become delta x by d = cos k x - sigma t and if we take D down here it becomes delta z by D = sin

k x - sigma t. So, sin squared theta + cos squared theta = 1 therefore, this is what we have used.

So, what we write is delta x by D whole squared + delta z by B whole squared = 1, this is in
general what type of equation if D is not equal to be elliptical. So, this is an equation of analysts
showing that water particle moves in in an elliptical orbit. So, we have proved particle moved in
an elliptical orbit. Here D is the semi major axis at the horizontal measure of the particle
displacement and B is these semi minor axis that is the vertical measure of the particle
displacement. So the vertical the particle displacement this is an important equation.

(Refer Slide Time: 24:28)
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» Shallow water Condition:
For% & %we have used coshk(d+z) and sinhk(d + z)

Sinhk(dt) ——  k(d+2)

Sinhkd ——— kd

H 1
Hence, D= S

_Hk(d+2) _ H(d+2)
"2 kd 2 d

* Hence, the water particles move in elliptical orbits (paths) in shallow and

intermediate waters with the equation of the form

(i

Now we analyze this displacement in shallow water. So what happens in shallow water for d by
L less than 1 by 20 we have 0.05 we have used cos hkd + z and sin hkd + 2 sin hkd + z goes to k
d + z and sin hkd goes to kd.. Hence, D will be what if we as you remember D was this equation
D was h by 2 cos hkd + z and sin hkd in shallow water this becomes kd + z divided by kd. So
this capital D becomes h by 2 into 1 by kd and B becomes h by 2 k d + z by kd hence the water
particle in shallow water moved in analytical orbit in shallow and intermediate waters with the
equation of the form.

(Refer Slide Time: 25:36)

2 2
5, 5,
HL H 7@ =1 —>2.53)
2kd 2.d

» Deep water condition:

d_1

For the case; >>

D= Hcoshk(d+z) _ H ok(d42) L gok(@r2) M
T2 sinhkd 2\ ekd_ekd

/
As ‘0’ (depth of water of d/L) is very large e *(*?) and e*¢ will be
very small compared to e¥(4+?)

(i

If discuss just simply substituted in shallow and intermediate shallow and intermediate waters

with this D and B but in deep water for the case d by L greater than half D becomes h by 2 e to
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the power k d + z + e to the power - kd + z divided by e to the power kd. - e to the power - kd as
D is very large e to the power - k d + z and e to the power - kd will be very small correct because
this deep now, so, if it - sin they will be very small compared to e to the power k d + z. So, this
can be taken away.

(Refer Slide Time: 26:25)

H(}d2D\ § 4,
Hence D=—( p ):Ee

- H
Similarly B= Ee"z

* Thus, the particles move in circular orbits in deep waters (since D=B) with the

equation of the form

2 2
( & ) +(£> i [e—rc (254)

H iz Hokz
2 2¢

This shows that for deep water conditions, the water particles are circular.

h by 2 e to the power kz. This is important. Similarly, if we do the same process with B, we will

again get h by 2 e to the power kz because deep water that is going to happen again. Therefore,
you see, both B and D are same. So, in an ellipse if both the major and minor x is the same, it is

nothing but a circle.

Therefore, the particles move in circular orbits in deep water since these equal to be with the
equation of the form delta x divided by h by 2 e to the power kz + delta z h by 2 e to the power
kz whole squared = 1. So, see these things are very important these are the type of questions
which you can expect what type of orbit in deep water then you have to take mark the correct 1
as a circular orbit elliptical orbit. This shows that for deep water condition the water particle
trajectories are circular.

(Refer Slide Time: 28:08)
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* The amplitude of the water particle
: ; N ~
displacement decreases exponentially b
along with the depth. The water C
particle displacements becomes small
' _ £33
relative to the wave height at adepth | | —
equal to one half the wave length
Shallow water Intermediate depth Deep water
below the SWL. The variation of the disia ngeit<in dbin
) = Fig. 2.6 Schematic representation of fluid
water particle displacements under B icls o e

different  depth  conditions s

illustrated in Fig 2.6

(i

So, you see, this is the representation the schematic representation of fluid particle trajectories
the amplitude of the water particle displacement it first of all it decreases exponentially along the
water depth the water particle displacement becomes small relative to the wave height at a depth
equal to one half the wavelength below this still water level that is the deep water the variation of

the water particle that displacement under the depth condition is illustrated in this.

(Refer Slide Time: 28:55)

olution to the Dispersion equation
* An approximate solution for wave number k in the dispersion relationship given by eq. (2.29
* For a given ¢ and d proposed by Hunt (1979) can be solved directly for kd.

) y
(dy'=y"+ o o (2.55)
2
Where y= %i =kod and
dy =0.666666666 d, = 0.35555555 d; =0.160846508
d, =0.0632098765 ds = 0.0217540484 dg =0.0065407983

The celerity can be obtained as

c? -1
o [y+(1+0.6522y + 0.462297 +0.0864y* +0.0675°) | (256)

i

So, there is 1 last thing before the end of this lecture, I have included in the slide but does not

Which is accurate to 0.1% for 0<y<co

have any significance for this particular course. You see the dispersion relationship, I said there

are 2 solutions. One is either using the wave tables and the second is trial and error. But some
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scientists like hunt he came up with the direct solution for kd. He said kd squared = y squared +

y divided by 1 + n goes from 1 to 6 dn Yn.

And this final equation can be used in mat lab or Excel to determine for different wise so if you
can put it on a computer code using mat lab or Excel, you the you There is no need for you
know, iteration or any other method. So this is just for information purpose. You do not need do
not need to remember maybe the name you know the if somebody is interested in doing further
research or going for a master is program or you know, something related to research they can
use this equation as such. So, with this actually this equation is accurate for 0.1% for y going
from 0 to infinity.

(Refer Slide Time: 30:23)

PRESSURE DISTRIBUTION UNDER
PROGRESSIVE WAVES:

So, I think this is a fine point to stop. In the next lecture, we will conclude this module of
invested flow that is wave mechanics and we start with the pressure distribution and the
progressive waves from the next lecture and finish this module. And this will also be the end of
the course, but I will talk about it in the last lecture of this course called hydraulic engineering.

Thank you so much for listening. See you in the next lecture.
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