WAVE REFLECTION

Water waves are reflected from hard flat surfaces as shown below

Incident Reflected
Wave Wave




* Note that the total length of the line
representing the wave peak
stays the same where it is being
reflected.
The red part of the incident wave plus
the blue part of the reflected wave
IS the same as the original line.

 After reflection, a wave has the same
speed,frequency and wavelength. It is
only the direction of the wave that has
changed



INCOMING WAVES MEFLECTED WAV ES

s,
. O=d .
=K
..% Pl
T L Sy
‘REFLECTION

When a beach is steep, the wave fronts get
bent and then reflected back. Sometimes part of
the energy is absorbed and the remaining
energy reflected.



Animation shows the interference of two linear waves
propagating in the opposite directions. We can see that
small red ball oscillates with the maximal amplitude, while
the small red parallelepiped does not oscillate, because it Is
situated in the node of the standing wave. Parallelepiped is
just rotating



STANDING WAVES - FULL REFLECTION










PARTIALLY STANDING WAVE- PARTIAL REFLECTION













































http://en.wikipedia.org/wiki/Image:Reflecting_from_a_curved_barrier.png
http://en.wikipedia.org/wiki/Image:Curved-reflection-ripple-tank.jpg




STANDING WAVES — FULL REFLECTION

Wave motion in front of a perfectly retlecting vertical wall subjected to monochromatic waves
moving in a direction perpendicular to the barrier can be determined by superposing two waves
with identical wave numbers, periods and amplitudes but traveling in opposite directions. The

water surtace ot the mcident wave 1s given to a tirst-order (linear) approximation by equation
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Standing wave (clapotis) system, perfect reflection
from a vertical barrier, linear theory.



Reflection coefficient, Cr is the ratio between the
reflected wave height, Hr, and incoming wave
height Hi

_Hr

Cr=—
Hi

The value of Cr is in between 0 and 1

0<Cr<l

Full(complete) reflection Cr=1
Partial reftection Cr<i




Standing Waves

« Two waves with same wavelength moving In
opposite directions

« Water particles move vertically and horizontally
« Water sloshes back and forth
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WAVE REFLECTION

The ratio betwesn the rellecied H, and incident weve heights, H, is Fiven bar
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STANDING WAVE - FULIL. REFLECTION

Superposed wave: Standing wave

Reflection Coefficient: C,=H/ B;
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C,=1.0 > H=IT,=H
H- — Incoming wave heigh[ At: On the wall, L/2, 1. away fron: the wall i i T
; fantinodest
= e . At: L/4,3L/4 n=0 o
H, eflected wave height :
nodes)

f)'lana\‘f':'j Wave
lﬂ(oﬂ\l.?j w'\VC L

*

o
1

V-V

NEL AN L LSRN N
-

/T | \ 3
| 4:;;
! i N LY Wrt?l

1)

. ' K7 A ac
BARRIER: VERTICAL, RIGID, IMPERVIOUS
NO ENERGY LOSS




PARTIALLY REFLECTED WAVE
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EXAMPLES ON REFLECTION

[. Waves of Ho=4 m. with T=7 sec. are approaching towards a vertical rigid sea
wall constructed at a depth of 8 tn, where reflection coefficient 15 C—1 (on the

wall), Take refraction cocfficient as K=1.0

a- Define the superposed wave.

b- Whut 1s the energy loss during reflection?

c- What is the wave length of the standing wave formed?

d- Compute anay al the wall, at L/2 and L. distance away from the wall.

a) T=7 sec 2 Ly=76 44 m.
d/1.0=8/76.44=0.]1 (1D) -—=->d/T.=0.14] =2L=56.74 m,
K,=0.933 >H;=4*0933%1.0=3.73 m,
k=2=1.=0.111
o=2x/T=0.898
n=2aCoskxSmat=3.73Cos(0.111x)Sin(0.8981) . Shn&rb Jdave,
b) C=1.0 = Full reflecion = No energy loss.

¢) L=56.74 m. "'ﬁ
d) a4, at the wall; 3.73 m. A\ ?’““
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wall constructed at a depth of 10 m. where reflection coefMcient s C=0.9 (on the
wall). Censider only !-ho-.lin\j 3 Ke (refraction coef .= 4)

a- Delinc the superposed wave.

b- Find a,.. at the wall, at Li2, L distances from the wall.
c- [ind ang, at LA, %L distances from the wall.

d- Find percent loss of energy during partial reflection.
¢- How would you mcrease the loss of energy?

Solution:

2. Waves of Hpy—4 m. with T=8 sec. are approaching towards a vertical nigid sca

a1 Parnally reflected wave Axo wztiy
by DDLe=10m. =2 dly-0.1 CWIT 2K =0.933, 1.-7¢9m
2 H-LLKK, =4x1x0.933=3.73 m.
NC=HMN=09 2> H,-336m.
%3 e OGoUrs at the wall face, at L2, 1.
A= 1a=Hy? - H,/2=3.73242.3652=21.55 m
G OCCUES a1 L4 AL distances trom the wall
Api=a-a-0.19m. a1 709/4 17 Tin

A1 HH=0Y9 E-E HY #2
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2o By usig cnerpy dissipators,



3. Aprogressive wave of H=2 m., T=8 sec is reflected from a vertical, rigid,
impervious barrier

a) Find aney on the bamier if C,=1.0
b) Find apns on the barmier if C,~0.8

The wall is constructed at a depth of d;lo m.

Solution:
a)C=10 = a..atthebamer=H=2m.
b) C=0.8
Amax—a;+a,~1+0.8=1.6 m. at the wall, L/2, ...
amin= 3;.3,~=1-0.8=02m. atl/4 %L, ...
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HOMEWORK

1. Figure shows the top view and the side view of a wave flume. At the end of the flume, there is a vertical
wall where the width of the flume is 1 meter and the water depth is 2 meters. When the wave maker
started it generates waves of T = 1 second. As these waves move towards the end of the flume, at section
1 the incoming wave height is measured as H = 10 cm. At section 1, the flume width is 2 meters and the
water depth is 1 meter. When the waves reach the end of the flume, they are reflected back from the
vertical wall. (Reflection coefficient of the wall is Cr = 0.8)

Compute maximum surface elevation (n) at the face of the wall and at the location L/4 meters away from the

vertical wall after the reflection from the wall.
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