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Vorführender
Präsentationsnotizen
Titel of the current presentation. It refers to wave tank investigations of model scale 1:5 and 1:10. 

It is a supplement to measurements and interpretations presented on the occasion of the Conference “Waves 2005” in Madrid.��For further reference it is intended to put extended versions of both presentations into the internet. 

____________________

Statements of presentation at WAVES 2005:  �An enclosed body of water executing forced oscillations absorbes energy from an inciting wave spectrum.�An analogue to this process can be seen in the Resonance Absorption Phenomenon known from elektromagnetic waves (in matter), which in turn means that resonance and  anomalous dispersion are inextricably connected.

Such connected phenomena also appear in the analyses of model investigations as well as of field measurements.






- Scope of Presentation ﬂ

o Statement: The process of wave breaking at
slopes IS inextricably linked with the
Simultaneous fermation of a reflected wave
and a wave of transmission.

Superimposition of incident and reflected
waves results in the formation of a partial
clapotis comprising of a phase jump.

 Analogue: Fresnel s Equations describing
reflection and transmission of light at uniform
planar interfaces.

* Reflection coefficients C_=f(H/H;, Ap) <O0.


Vorführender
Präsentationsnotizen
I´ll start right away with my current statement and present proving data on the following slides.

Statement: The process of wave breaking at slopes is inextricably linked with the  simultaneous formation of a reflected wave  and a wave of transmission. �Superimposition of incident and reflected waves results in the formation of a partial clapotis comprising of a phase jump.

Analogue: Fresnel´s Equations describing reflection and transmission of light at uniform planar interfaces. Moreover there is another analogue with rope waves. 

Consequence: Reflection coefficients not only depending on the wave height ratio Hr/Hi but also on a phase shift φ between incident and reflected waves. 

Reflection coefficients   Cr = f(Hr/Hi, φ) < 0.

________




®artial standing waves breaking on a slope with reference
to the point IP of the still water level intersecting the slope

Main topic: Influence of a phase shift Ag
on breakers interacting with sloping structures

Slopes Damping
1:3<1:n<1:2 Structure
\hy o l
\ | LSwL | A
P ~~L__ d=0626m || Wavej 16
\\s— Maker ‘.’
With and without
N re-Reflection
0.79m 1.79m

Measurements of water level deflections quasi synchronously

at 91 wave probe stations equally spaced 10 cm.
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Vorführender
Präsentationsnotizen
In literature little attention has been paid on the phase shift between incident and reflected waves. Comprehensive  investigations by Sutherland and O´Donoghue (1998). For the time being reference is not made to that work, because its aims are different from that of the present investigations and moreover S´s and O´s point of reference is at the structure toe, whereas the point of reference in this study is IP. Contrary to Sutherland and O´Donoghue here the main topic refers to a phase shift combined with the breaking action on the slope.


Wave heights
up to H =0.35m

Punging breaker on | Collapsing breaker on AX ~ 0.15m
quasi Smooth Slope W Hollow Cubes '
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Vorführender
Präsentationsnotizen
Testing a revetment consisting of hollow cubes in comparison with a smooth revetment, different types of breakers had been found: Plunging breakers on a quasi smooth slope and collapsing breakers on that kind of hollow slope. It can be assumed, that a phase shift possibly is characterized/modified by different front faces of the breakers; note the distance Dx and as well …..


| Differences:
e extent

Run down of collapsing Run down of plunging
breaker on Hollow Cubes breaker on Smooth Slope

Coastlab 2010, Barcelona 5/25



Vorführender
Präsentationsnotizen
…..and as well by the differing extents Dy of the wave run up or more general of the washing movement on the slope.


E?].ergy Density Spectra of Water Level Deflections / ED
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Vorführender
Präsentationsnotizen
As an example here the synchronously measured energy spectra are shown at the 6 probe stations on the slopes mentioned above. At the slopes 1:3 the composite response spectra contain information on the incident, reflected and re-reflected waves from the wave maker. In the following the numerical values of the integrated spectrum areas IA are analyzed, being proportional to the potential energy of the water level deflections. �Note that there is a lot more energy contained in the spectra in front of the quasi smooth revetment.

________________

Each of the measured time signals (100 waves) was processed by spectrum analysis confined to a frequency range of 1.4 Hz. (256 Data Points).�Calculated energy spectra to be seen here represent a kind of composite energy spectra, because there are water level deflections of incident, reflected and re-reflected waves superimposing at any gage station. For further analysis the spectra had been integrated with respect to different frequency ranges. 


Qnergy lines resulting from 256 frequency components / ED

total frequency range 0.0326 — 1.3997 Hz

Lo = 3.65|m (resultant clapotis length)

>

Smooth Slope
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Vorführender
Präsentationsnotizen
The numerical values of the energy are plotted here extending about 10 meters in front of the slopes. The raw data are shown, referring to the total frequency range (0.0326 – 1.3997Hz). 

Apparently the periodic feature to be seen in the red curve, belonging to the smooth slope, indicates the presence of a partial standing wave. In this case the maxima belong to imperfect clapotis loops and the minima to imperfect clapotis nodes and one can find the length of the partial standing wave as the distance between the first and the third node: approximately 3.65m.

Moreover one  can conclude from the graph that a very first minimum exists close to the point IP, where measurements could not be made, because of the water depth not big enough. �__________________

This actually had been prooved previously by discarding the noise frequencies and subdividing the remaining frequency range into 12 subfrequency ranges.  


®~

General properties of partial standing waves at a slope / ED
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Vorführender
Präsentationsnotizen
The general properties of such partial standing waves can be derived from their energy distribution in the length expasion, to be seen in the middle part of this slide. The corresponding approximate partial clapotis envelopes are to be seen above.

There are a lot of features one can deduce from such energy curves. �Details can not be explained here. Maxima of energy belong to the loops and the minima belong to the nodes of a partial clapotis represented here by the envelopes to be seen.

Further below some reflection coefficients are given. Some of them had been calculated by the formula to be seen below,- instead of Healy´s formula…

___________________________

(The other features (things) are explained in the previous presentation !)�

But from the energy curves shown above and here again, it is obvious that a node is situated rather close to the point IP, where the still water level intersects the slope. �At slopes 1:3, however, measurements had not been possible. That is the reason why there are dashed curves to be seen. �

In order to verify that such a phase jump really exists, the following slides contain on the one hand extrapolations of the shown partial clapotis waves 


2 Energy lines of 12 definable partial clapotis waves
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Vorführender
Präsentationsnotizen
In the case that noise frequencies are discarded, the remaining frequency range (0.4 <= f <= 0.8 Hz) can be split into 12 subfrequency ranges.

From those subfrequency ranges the shown 12 energy lines are found.  

From those lines then again by extrapolation it was possible to derive the node distances „a“ of partial standing waves with reference to IP. Such a set of partial clapotis waves comprises wave lengths in the range from about 2 to 6m.

_____________

It has to be mentioned here that the packets of component waves coprise the different frequency ranges,- to be seen on the right.

___________�From those 12 energy lines one can compose inversely a resultant energy line, which in turn represents the resultant partial clapotis without the disturbing higher and lower cut-off frequencies.   


12 partial standing waves at slope 1:m = 1:3 / ED
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Vorführender
Präsentationsnotizen
The upper curve shows such distances of perfect standing waves at a vertical wall.�Whereas the minimum node distances at a slope 1:3 are dispersed arond IP.


procession and presentation for slopes 1:2 / ED
54 -

w % N\ Hollow Cubes piled up to form
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Vorführender
Präsentationsnotizen
A similar proceedure had been adopted for structures inclined 1:2. �Here the smooth slope is not shown, but Hollow Cubes piled up in an appropriate way. �At such steeper structures wave probes could even be placed closer to the slope.
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Nodified data procession and presentation for slopes 1:2 / ED

Comments:

At steeper slope 1:2
measurements closer to
IP.

 Set of partial clapotis
waves identifiable,
although re-reflection
effect prevented.

» Energy contents of
partial clapotis waves
piled up with reference
to gauge station numbers

Closeto IP
* nodes at smooth slope
and

* loops at hollow slope.
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Vorführender
Präsentationsnotizen
The data procession here was somewhat modified.�The gauge stations distant from IP are to be seen on the horizontal axis, but for the distance of 3m only. Re-reflection in this case is not contained in the data, because the wave sequences�had been truncated in such a way that the re-reflection from the wave maker was excluded from the analysis. �The numerical values of energy is on the vertical axis.�For the smooth slope the total energy in the frequency range of 5Hz also shows a periodical feature and you can see that the energy roughly belonging to frequencies higher than 0.7Hz (yellow areas) can be disregarded. 

In this case there are 11 subfrequency ranges.

Loops and nodes can be recognized clearly.

The distance between loop and node is equal to a quarter of the wave length.�Hence the wave length of the marked partial clapotis is about 4 meters.�Obviously the higher frequency waves (shorter waves) are shifted toward the upslope direction. 

But there is also a big phase shift to be seen between the smooth slope and the hollow slope.




o Monochromatic waves at smooth slopes:

Relative node distances a/L with reference to slope angle
a/l

a/L

0,30
0,25
0,20

0,15

0,10 /
0,05 :

IP 0,00
-0,05

-0,10 .853
90,00 84,29 63,43 45,00 26,56 18,43

SLOPE ANGLE [°]
tanao=1m 1:0.1 1:0.5 1:1 1:2 1:3

Coastlab 2010, Barcelona

00,25-0,3

025 m0,2-0,25

m0,15-0,2

0.20 |mo01-015

00,05-0,1

0.15 | cooos
0.10 |=-0050

m-0,1--0,05
0.05
000 IP

-0.05
~ 450

.529

% FREQUENCY [Hz]

0 117<T £2.22s

.800

Joint trends:
Nodes closer to IP with

* slope angle decreasing
e frequency increasing

13/25


Vorführender
Präsentationsnotizen
This is an axonometric projection.

a/L is on the vertical axis, the slope angle on the horizontal axis and frequencies on the remaining axis. 

Please note the deviation from the zero-plane, which is marked by solid black coordinate axis.�The results shown above are also in accordance with investigations on monchromatic waves: Please look at the blue and the red curves only, belonging to slope 1:2 and 1:3 respectively…�From this graph, however,  some joint tendencies can be derived that, for example, at more gentle slopes 1:4 the nodes even are closer to the slope face (IP), 

but on the other hand there is also the general tendency that the longer the waves the bigger the node distance from IP. 

___________

The angle of 90 degrees belongs to the case of a vertical wall and hence a/L=0.25 at al frequencies. But please look at the slope 1: 3. The deviations are very similar to the results shown above: negative at the higher frequencies. At slope 1:2 also not far from zero. �Such results should be implemented in the consideraration on breaker types ….� 


Two kinds of standing transversal
waves (without transmission)

Free end reflection without phase jump (shift)
(wave crest reflectet by wave crest)

Known examples:
e Rope waves

 Electromagnetic waves
«  Water waves (Clapotis)

Fixed end reflection with phase jump Ap = 180°
(wave crest reflectet by wave trough & vice versa)

Known examples:
e Rope waves

« Electromagnetic waves
« Water waves (at a slope?)

incident wave: red reflected wave: blue
resultant wave: black

Click on the figure to start animation

Animations after Walter Fendt (2003)

Coastlab 2010, Barcelona 14/25


Vorführender
Präsentationsnotizen
What is the consequence of such a node shift?�What is the effect of a standing wave with a node at a certain point of reflection ?

In order to discuss the reason why there is a node shift at a (say) steep slope, it is helpfull to look at the well known behaviour of rope waves. 

In the case of free end reflection there is no phase jump at the end of the rope and that is why the amplitude is twice as big as that of the incident wave. 

Obviously this also is the case of perfect water wave reflection from a vertical wall.

Contrary at fixed end reflection of rope waves, there is a phase jump of Dj =180 degrees (= p resp), so that the wave crest is reflected by a wave trough and vice versa. …  

As a consequence both standing waves  appear (offset) shifted relative to each other by an angle of F = 90 degrees (p halved). 

The statement, I made at the beginning is , however, different from that…. 



http://www.walter-fendt.de/ph14d/stwellerefl.htm



® wave breaking combined with partial reflection and

transmission (wave moving to the left)

Partial Clapotis

Runup Node Loop Node

Runup = transmitted : —-
wave pulse (phase 4)

wave

* The existence of a node close to the slope provides evidence
of partial reflection with a phase jump.

* Note opposite transmitted and reflected deflections around IP.

e Conservation of momentum:
Smaller & slower transmitted wave pulse ¢, < ¢; combined with
negative reflection (wave crest reflected by wave trough & vv)
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Vorführender
Präsentationsnotizen
Here I tried to sketch some phases of a breaking wave ,- assuming that a partial clapotis exists at the same time. 

Starting from a node close to IP, there must bee a phase jump of Dj = 180 degrees approximately between incident and reflected wave. �But different to the previous slide, here additionally transmission occurs beyond the point IP: The runup is smaller and slower than the initial wave. Thus a „negative“ reflection must appear: meaning that a wave crest is reflected by a wave trough and vice versa. This can be seen in the next slide…


® wave breaking combined with partial reflection and

..................................................................................................................................................................................................................................................................................................................
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* The existence of a node close to the slope provides evidence
of partial reflection with a phase jump.

* Note opposite transmitted and reflected deflections around IP.
e Conservation of momentum:

Smaller & slower transmitted wave pulse ¢, < ¢; combined with
negative reflection (wave crest reflectet by wave trough & vv)
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Vorführender
Präsentationsnotizen
At phase 4 of the animation one can see that the positive runup and negative water level deflection of the reflected wave originate at the same time. Such a feature is well known from reflection and transmission of electromagnetic waves …



A@.]nalogue from light waves: Fresnel’s Equations describing

reflection and transmission of light at uniform planar interfaces

Interface of two refractive index media RN (i IR ile ] BT g 6!

lower l e transmission of a pulse
travelling to the right from
low to high refractive index
medium.

Superimposition of positive incident
and negative reflected pulses not
shown !

Animation after Oleg Alexandrow (2007)
¢, —><+— CJ gl C:<C

Click on the figure to start animation

breaking
Incident and Il grrerr Il Analogue behaviour of water
reflected pulse pulse = runup RVE\EERsIEELULoNelgRE RS (o] o]2
respectively (except rundown).

negative partial reflection
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Vorführender
Präsentationsnotizen
Such a behaviour of course is well known from electromagneteic waves

according to Fresnel´s equations.

At the interface (replaces the breaking position) a smaller and slower posive transmitted puls and a smaller negative reflected puls develop synchronously from the incident positive puls. �Please note that on the left hand side the resultant puls deflection due to superimposition of incident and reflected waves is not shown!

But actually here a node is originated by the process of superimposition.�And that means that a phase jump occurs.�(There is a polarized reflected wave..)�

http://de.wikipedia.org/wiki/Datei/:Partial_transmittance.gif


At.q.alogue from rope waves: / ED

Partial reflection and transmission of a puls travelling
to the right from thinner to thicker rope diameter.

Boundary of two ropes
thinner } thicker

iIncident pulse: white
reflected pulse: red
transmitted pulse: blue

Za

Superimposition of positive
incident and negative reflected
pulse not shown !

Animations after B. Surendranath Reddy (2004)

breaking

incidentand Wave transmitted Analogue behaviour of water

reflected pulse pulse = runup waves breaking on a slope
respectively (except rundown).

negative partial reflection

Click on the figure to start animation
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Vorführender
Präsentationsnotizen
A similar animation can be shown for rope waves.

At the joint of two ropes, where the diameter changes from thinner to thicker. �The result is a phase jump at the side of reflection (negative reflection) and a smaller and slower puls at the side of transmission.   

http://www.surendranath.org/Apps.html


® Further considerations on the positioning of partial

standing waves with reference to a sloping structure

Superimposition of incident and reflected cosine waves

- at a phase shift of Ap = n/4 (45°)
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Vorführender
Präsentationsnotizen
In this sketch the superimposition of two cosine waves, having same amplitudes, is to be seen. But there is a phase shift of 45 degrees between them. Hence maximum amplitudes are less than two, although the ratio Hr/Hi = 1.�Supposing that such phase shifts (jumps) occur at a certain position on a slope, say at the point IP, it is obvious that resultant water level deflections can even be zero; for instance incident and reflected waves cancel completely at a phase difference Dj = p (180 degrees) (phase jump). (In this case the partial clapotis is shifted by 90 degrees).

This, however, does not happen, if amplitudes differ. It is clear that all such resultant waves are due to partial reflections.




consequences of phase shifts on reflection coefficients / ED
Wave height ratio: H./H, = 1.0

Reflection Coefficient C, = f(H,/H,= 1.0, Ap = n/4)
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Vorführender
Präsentationsnotizen
Introducing the light blue curve, representing the difference between incident and reflected wave Hi-Hr, one can think of calculating reflection coefficients by using Healy´s formula.

Due to the consideration of a phase jump of  Dj = 45 degrees the former conventionel reflection coefficient Cr = Hr/Hi = 1 will be reduced to a value of Cr = 0.415.



_____________________


consequences of phase shifts on reflection coefficients / ED
Wave height ratio: H ./ H,= 0.7

Reflection Coefficient C, = f(H/H,= 0.7, Ap = n/4)
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Vorführender
Präsentationsnotizen
Here different amplitudes (or different cosine wave heights) with a wave height ratio Hr/Hi  = 0.7 are shown at the same phase shift Dj = 45 degrees. Applying Healy´s formula in this case results in a reflection coefficient Cr ( ratio Hr/Hi, Dj) = 0.377 (much lower than the mere wave height ratio).�


& onsequences of a phase shift on reflection coefficients / ED

Partial Clapotis Envelopes

Loop Loop
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Vorführender
Präsentationsnotizen
When calculating reflection coefficients, often people had not been very much interested in the distance of the partial clapotis from the (sloping) structure. �This is , however, essential, because the distance decides on the shift between incident and reflected wave.�Supposed there is a wave height ratio of 0.7 and a shift Dj = 45 degrees,�this reduces the reflection coefficient to Cr =0.377.� 


®  Reflection coefficients in the range of parameters

0.1<H,/H, <1.0 and phase distances 0° <A@ <180°

Reflection Coefficient C, = f(H,/H;, Ag)
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Vorführender
Präsentationsnotizen
Doing such a calculation for phase jumps (or phase shifts) Dj between 0 and 180 degrees together with wave height ratios Hr/Hi  in between 0.1 and 1 we arrive at such a parametric presentation. 

(In order to extend the data to negative phase shifts they can be mirrored at the vertical axis through Dj = 0 and to extend the data beyond Dj = 180 degrees, they can be mirrored at the vertical axis through Dj = 180 degrees.) 

Please note that there are negative reflection coefficients for phase jumps Dj > 90 degrees.

________________________

Considering first the theoretical case of equal cosine wave heights (blue curve), Cr = +1 at Dj = 0 degrees is attached to the well known perfect clapotis comprising of a loop at a vertical wall, whereas Dj = 180 degrees delivers a reflection coefficient Cr = -1,0. The later, however, stands für a perfect clapotis too, but in this case with a perfect node at the point of reflection and thus a phase jump is documented. �Comparing the two clapotis waves, their loops and nodes appear shifted by an angle of 90 degrees. Accordingly for Dj changing from 0 to 180 degrees the transfer from the case of reflection without phase jump to the case of reflection with phase jump occurs. On the other hand: The closer the shifting angle is to 90 degrees the smaller the magnitude of the reflection coefficient and the stronger the progressive part in partial standing waves. Of course there are also partial standing waves at phase differences 0 and 180  , if the wave height ratio is smaller than one.   


® Found reflection coefficients attached to parameters
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Vorführender
Präsentationsnotizen
In former studies some reflection coefficients had been found for the structures mentioned above. �Considering the relative positions of the (partial) standing waves with respect to the sloping structures, it is possible to place such values into the parametric presentation to be seen here. �




Trivial suggestions on the joint effect of reflection,
transmission and dissipation of breaking waves at a slope

 Verify current findings in a natural scale:
Specify phase shifts for longer waves and less
inclined slopes.

* Include the phase difference Ao In the presentations
of reflection coefficients and of types of breakers
in addition to the Iribarren nr IR [EEREUIRE

e Standardize the application of composite response
spectra, in order to obtain spectral coefficients of
reflection, transmission and absorption.

Extended version;

Coastlab 2010, Barcelona
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