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Proteccion costera 30

 Para incluir con éxito las SbN en las politicas de defensa costera y llevar a cabo
acciones de restauracion:

* Mejor entendimiento de los procesos  Estipulacion del beneficio global
* Nuevas herramientas de calculo y diseno  Recomendaciones de aplicacion

ble development
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Complejidad del problema: Problema multidisciplinar 50
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Complejidad del problema: Problema multidisciplinar 50
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Complejidad del problema: Problema multidisciplinar 30

Objetivo: mejorar la o
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interaccion flujo-
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Complejidad del problema: Interaccion flujo-ecosistema 30
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Drag force - uniform flow & cylinder

o inertial forces (mass)(acceleration)
Flow-cylinder interaction depends ~ viscous forces L velocity
on the Re: (dynamic viscosity) Jistance (area)
o For Re<<1 inertia forces are T 3y (1 2y (1 L
negligible _e @) _ el )(t) - i )(t> - (p)(t)(L) _pL b
o  For Re>>1 viscous forces are " (f) 2 (%) L2 p I

negligible except close to the
boundary: irrotational flow +
boundary layer
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Re < 3 x 10°: the BL remains laminar, although the wake may be completely
turbulent. The laminar BL separates at 82°. Pressure in the wake is nearly
constant and lower than the upstream pressure. This asymmetry in pressure
leads to a nearly constant drag force with C, =1.2

3 x 10° < Re < 3 x 10°: laminar BL becomes turbulent and it separates at
125°.C,=0.33

laminar boundary layer turbulent boundary layer

turbulent
turbulent

wake
Re <3 x 10° Re >3 x 1P
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Pressures within the wake are higher when the BL is turbulent. This results
in a sudden drop in the drag coefficient from 1.2 to 0.33 at the point of
transition.

100
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» Drag force - more complex (and realistic) cases

At
W

Flow-vegetation interaction:
o Complex geometries

o Submerged / Emergent
o Flexible / Rigid
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« Drag force - more complex (and realistic) cases

Flow-vegetation interaction:
o Complex geometries

o Submerged / Emergent
o Flexible / Rigid

1
Fp == ANU|U
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« Drag force - more complex (and realistic) cases

Flow-vegetation interaction:
o Complex geometries

o Submerged / Emergent
o Flexible / Rigid
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« Energy attenuation - Uniform flow

Force balance between free surface gradient and drag force:

Model Array

oY

Dye Injection  Velocity Imaging Camera

dh \ Probe
gh ox Fp Flow .
Straightener ~ W.G{[€—2m W.G.
I — LLLLLL
L). ————————— || B
——— e ———————————— _L|

Horizontal Light Sheet: Position of Imaging PIanel
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Nepf, H. (1999). Drag, turbulence, and diffusion in flow through
emergent vegetation. Water Resources Research 35.2




* Energy attenuation - Waves

el

c
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= Dissipation is considered to be only due to drag force:

o

()

T>.> N HO Dalrymple, R.A., Kirby, J.T., Hwang, P.A., 1984. Wave
% H = 1— diffraction due to areas of energy dis- sipation. J.

o + BX Waterw. Port Coast. Ocean Eng. 110, 67-79.

5 dEcg

.% ax = —¢ép Hrms 0 Mendez, F.J., Losada, I.J., 2004. An empirical model to
7 Hrms = 1—, estimate the propagation of random breaking and
g > + :8 X non-breaking waves over vegetation fields. Coast.
° Eng. 52, 103-118.

Y

= —h+h

o £ = 'F Udz H = _Ho

(=] D D - 1+ ,8 x Losada, I. J., Maza, M., & Lara, J. L. (2016). A new
: —h wc formulation for vegetation-induced damping under

J T Hrms 0 combined waves and currents. Coastal Engineering,
= ———— 107,1-13.
rms ! ’

Wave damping coefficient (beta) is a function of the drag force and the flow conditions

UC -

UNIVERSIDAD FUNDA(

Om  (sinh2kh + 2kh)sinhkh =
4aNHok  sinh’klp, + 3sinhklp { mcantabria
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* Energy attenuation - Waves
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* Energy attenuation - Waves

y(m)
COCOE000

O=NUNB SIS

0.8
0./
0.6
0.5
?5‘, 0.4
0.3
0.2
01

G uc Seaweed: H=01mT =1.7s oo
/HI'/ S p . Work developed by: & 5
onoacoN Egmd $Coupled flow-seaweed dynamics * IHcantabria
t=0s
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 75 8 8.5 9 9.5 10
x(m)
t=0s
0.5 1 1.5 2 2.5 3 35 4 4.5 5
x(m)




« Drag force = Cp?

» Energy attenuation — Cp? B?

* Numerical modelling
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 Physical modelling
« Field campaigns
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Refraction

Transformation of wave
characteristics ( height,
direction) due to changes
in wave celerity generated
by changes in water depth.

Wave height can also be
estimated assuming energy
flux conservation within
wave rays.

LES HIGRAMTH DF BOINTE
Vit Gn 0N AN .

Wave direction can be determined using the wave
propagation equation.
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Refraction

In intermediate and
shallow waters,
wave length is
related with water
depth

wave length
decreases as water
depth decreases

La réfraclion des vagues »
au-dessus d'une crifte
sous-marine

A mesuro ou'eles
ra.entissent dans igs eaux
rioins profondes.

les vi

énergic au-dessus
des hauts-fonds,

« La réfraction des vagues
au-dessus d'un canyon
sous-marin
Ralenties par 1
ca la hautaur d

Consequently, wave
celerity decreases as
water depth decreases

These changes in wave celerity bend the wave crest

d
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Refraction

A e o e o)
_ olioreline, Breakers
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Wave crests tend to be parallel to the shoreline
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Refraction

Wave ray

Wave crest

Refraction of
a SWELL
due to the
bathymetry

-
c
o
S
o

o
(5]
>
(6]

©

Q9

o]
)

=
©

)
(7))
=
(V2]
S
()

Y
+

a

o3

o

s°°
i IHcantabria




-
c
o
S
o

o
(5]
>
(6]

©

Q9

o
©

=
©

)
(7))
=
(7]
S
()

Y
+

a

o3

o

Refraction

* When we have a vegetation field in a particular
area, it can lead to refraction phenomena
because it decreases the effective depth in the
area.

* The phenomenon of refraction is not significant
for small ecosystems or those that do not have
sufficient density to influence the flow.

0 0025 005 0075 01 ‘UH;‘S‘ O“O‘-‘S‘ 0075 0.1

Timegl6.00 J i Time: 5.62

0.113723

Time: 6.88

\0. . 0025008

-0.00985
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Diffraction

Energy transfer across wave
rays due to gradients in
wave height

It is clearly observed behind
islands and breakwaters but
is present all over the wave

propagation.

If there is a gradient of wave
height, diffraction tries to
compensate the gradient.
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Diffraction

Diffraction generates a
typical circular wave
crest pattern behind
breakwaters.

Wave Zone

Shadow Zone

Wave Rays

" N

ave Rays

Breakwater

Wave Crests

\

\

Wave Crests

UC -
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Diffraction

* When we have an emerged and sufficiently
dense vegetation field, the energy behind
the field is lower than in the surrounding
areas. Therefore, behind the field there is a
lateral energy transfer.
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Reflection
K — HmOR
% H iy
S
8‘ Structure Reflection coefficient
T Vertical Breakwater 0.7-1
[
S
= Mound Breakwater (1:2 to 1:3) 0.3- 0.6
®
4 Natural Beach 0.05- 0.2
(7]
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+
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Reflection

* When a wave interacts with an ecosystem part of the energy is
reflected, especially for dense and emerged vegetation fields.

«®® \\\J*J\
: IHcantabria FOAM
RANDOM DISTRIBUTION UNIFORM DISTRIBUTION

..........
..........

..........
...........

O N N Ny Ty TRy, e, e

'||’|II||W|I||I| Time: 4.750000 ‘ ‘ “ I“‘””” ||| ‘I I I

Time: 4.750000

oo
: IHcantabria uc /h.l’/
FUNDACION
possen  ERRAER
1 J
&

i Hcantabria




Breaking

LES BRISANTYS DE PLAGE

Wave steepness exceed
a physical limit an
particles velocities are
larger than wave
celerity

Wave energy is
dissipated by turbulence
and wave height
decreases suddenly
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Breaking

!
et )
s\ . W WS o SN

There are 4 different types of breakers
depending on the Iribarren’s number (also
know as surf similarity parameter)

Spilling

Collapsing

- —“-K
P T

Surging

tan o

10 H
LO

I

Breaker Types Iribarren number, |,
Spilling <04

Plunging 04-2

Collapsing 2-31

Surging > 3.1
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Breaking

* Depending on the depth and the characteristics of the ecosystem,
breakage may occur. This is a crucial process in coral reefs.
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Long wave

* Set-up: mean water level increase due to wave breaking

* Submerged breakwaters can increase this phenomenon, specially in the presence of
infragravity waves

* The same effect has been reported in coral reefs

Wave Breaking

/ Coral Reef N
Seagrass meadow
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Long wave

G4 G6_G8 GI10GI2
G5 G7 G9 GI1 G13

85 90 95 100 105 110 115 -0.2+

008 @7

7 [m]

o

z [m]

)
c
Q
€
Q.

o
(5)
>
(})

©

Q9

o
©

=
©

)
(7))
=]
(V2]
S
()

Y

+

(=]

o3

o

008 @13

7 ]

+ I[HCantabria

INSTITUTO DE MIDRAULICA ANBIENTAL




Long wave
)
[ .
aEJ * Example in a coral reef
S
- Shoaling Breaking Long wave from wave breaking
1.5 I
q>,> I T | ‘ ! ‘ ‘ HsiTot.
-qc) fffffffff Hs qu Freq.
= s Almost only long wave—Hhfrea i
© 0.5 N _
- N E N AT e T
.. g NG
O I — .
& | \ [ I —— fle ! 1 i
) 0 100 200 300 400 500 600 700 800 900
Y- 4
- - | | [ saw]
+ % 20 .
a 0 | | o’ | | | | | |
d 0 100 200 300 400 500 600 700 800 900
o 5F | \ | \ \ \ \ | =
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N 5 R
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Long wave

Coral reefs are very effective
dissipating short waves

However, in those cases where
long waves are important their
role should be carefully analyzed
when quantifying wave run-up
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Waves and currents
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Waves and currents

* Drag force changes

Time: 91.70

x10*
0 T T T T T T T
— — Opposing0.4 m/s
— — Following 0.4 m/s
——— Opposing 1.2 m/s
Following 1.2 m/s
50—
=
£
.

-5
30 40 50

t(s)
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Waves and currents

Time: 110.20 s

Time: 81.60

BottomShearStress

0.000265
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Waves and currents

*  Conservation of energy:

1+ Puwex 0g
AoH Tl
0410
ﬁwc— B
3
Cowe =

0Ey,ccy
= “EDye
0x

gk

2
AO = ngchaN(

N =

2kh akh \ 3pk
(1 + —) (% tanhkn)’ + % Uy (3 + —) 4 2P

sinh2kh/ \k

2 sinh2kh/ \k

Z(U—ng)

gU (3 4kh

+tg ot Sz
U +1(1+
072

3 inh3 i
2aN( gk ) Hosmh klp + 3sinhkly

3kcosh3kh g(
8
3k g 3
2Tz (2 2
)+ = US (k cothkh) ]

1
2kh g 3
sinh2kh) (& tanhkh) ] Bue

2(0 — Uyk)

* sinh2kh

)d sinh3klp + 3sinhkly,
3kcosh3kh

sinh2kh 8

+1(1+ 2kh )(gtanhkh)%]

1

2kh ) (% tanhkh)’

1
2

U2 (% cothkh)
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Shear stresses

* Shear stresses are very important in vegetation fields and coral reefs:
they will determine sediment transport and coral/plants loss by
uprooting.
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Waves and currents

* There are some analytical formulas for bottom shear stresses:

Z

_H
n _zcoswt

|
A I _Usw vom Iy

h

=50Mcos(k£_at)=
2 sinh(kh) 4

L _H cosh(k(h— h)) H 1 ",
b . P
2 sinh(kh 2 sinh(kh
( ) ( ) = Ea—sin(at) =U sin(at) = Abosin(at)
2 sinh(kh) "
Linear wave theory assumes no viscous fluid @water particle movement on
the bottom =»no true @boundary layer
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Waves and currents

* For flat bottom and laminar boundary layer: second viscous Newton
law:

r—pva—u
0z

* The maximum bottom shear stress results:

_pvU,

rb,max \/m

* This shear stress can be expressed as a function of a friction
coefficient (Jonsson, 1966):

1 1
Tb = Ep'chz — tb,max = Epwarft
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Waves and currents

* Shear stress around ecosystem elements is high and can result in
loss of ecosystem elements through a combination of sediment loss
and force.
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Waves and currents

* Additionally, shear stress on top of submerged canopies influences
sediment, nutrients and oxigen transport.

£=0.000000 s

0
30 32 34 36 3B

ot
c
o
S
o
o
(5]
>
(6]
©
Q9
o
©
=
©
i)
("2}
=
(7]
S
()
Y=
+
a
o3
o

30 32 34 3% 38

UC 1

FUNDACI

RS mmeumae
(1]

K

i Hcantabria




{GRACIAS POR SU ATENCION!
PREGUNTAS?

-

- - i
: mcantabria U | 80 & X

IHCantabria, Universidad de Cantabria

C/Isabel Torres 15 PCTCAN @ @MariaE_Maza
39011 Santander, Spain

https://www.ihcantabria.com

mazame@unican.es

-
c
()
S
o

o
o
>
(})

©

Q

o
©

=
©

)
("2}
=]
(V2]
S
()

Y
+

a

o3

o

s°°
i IHcantabria




