Impacts of disasters on coastal
environments




can still be useful provided the ass

this simple theory are not grossly violated.




surface tension can be neglected; —

coriolis effect due to the earth's rotation can be neglected;
pressure at the free surface 1s uniform and constant;

the fluid 1s 1deal or inviscid (lacks viscosity);

the particular wave being considered does not interact with
any other water motions. The flow is irrotational so that water
particles do not rotate (only normal forces are important and
shearing forces are negligible);

the bed 1s a horizontal, fixed, impermeable boundary, which
implies that the vertical velocity at the bed 1s zero;

the wave amplitude 1s small and the waveform 1s invariant in
time and space;

waves are plane or long-crested (two-dimensional).



then fluid particle velocity componen
found.




which 1s orthogonal to the potential func —
Lines of constant values of the potential function (equipotential
lines) and lines of constant values of the stream function are
mutually perpendicular or orthogonal. Consequently, 1if @ 1s
known, ¥ can be found, or vice versa, using the equations

0P/ox =0¥/oz

0D/oz= - 0'¥/ox

termed the Cauchy-Riemann conditions (Whitham 1974; Milne-
Thompson 1976).




cquation governs the flow be
equation 1n two dimensions with X = horizontal, and z =
vertical axes in terms of velocity potential @ is given by

0’ D/6x? +6°D/dz> =0

In terms of the stream function, ¥, Laplace's equation
becomes

O’W/ox? +6°W/6z> =0

The symbol n denotes the displacement of the water
surface relative to the SWL and is a function of x and time
t. At the wave crest, n is equal to the amplitude of the
wave d, or one-half the wave height H/2.



For a situation where more than
the longer period wave will travel faster.
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Cha = [exp a + exp(—a)]/ 2
Sha = [exp a — exp(—a«a)}/2
Tha = Sha/Cha.

Per o« > =# rnisulta:

Cha = Sha = (exp«)/2; Tha = 1.
Per o« < 7/ 10 risulta:

Sha ~ «; Cha ~ 1; Thoa ~ «.



period may be obtained as\
i

L= oT2/ 27 * Th(2rd/L)

The unknown value of L appears on both sides of the
equation, to solve it is necessary to define L, as the
deepwater wavelength, or to utilize the following expression
which 1s correct to within about 10 percent

L =gT?/2x *NTh[(2n)*d/(T?g)]
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The velocities are periodic in
of the phase angle 0 = (2nx/L -2at/T), the hyperbolic
functions cosh and sinh, as functions of z result 1n an
approximate exponential decay of the magnitude of velocity
components with increasing distance below the free surface.
The maximum positive horizontal velocity occurs when 0
= 0, 2m, etc., while the maximum horizontal velocity in the
negative direction occurs when 0 = m, 3w, etc. On the other
hand, the maximum positive vertical velocity occurs when
0 = n/2, 5n/2, etc., and the maximum vertical velocity in the
negative direction occurs when 0 = 3w/2, 7n/2, etc.
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In the following a sketch of the loca :

indicates that the fluid under the crest moves 1 the direction
of wave propagation and returns during passage of the
trough. Linear theory does not predict any net mass
transport; hence, the sketch shows only an oscillatory fluid

motion.




Celerity

Direction of Wave Propagation

Velocity

Acceleration

Figure 11-1-2, Local fluid velocities and accelerations

source Coastal Engineering Manual
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The following figure depicts profiles of the surface
elevation, particle velocities, and accelerations by
the linear wave theory.



Figure 11-1-3. Profiles of particle velocity and acceleration
by Airy theory in relation to the surface elevation

source Coastal Engineering Manual



wave. Water particles generally

shallow or transitional depth water and 1n ci1 paths 1n
deep water (see next figure). If the mean particle posmon 1S
considered to be at the center of the ellipse or circle, then
vertical particle displacement with respect to the mean
position cannot exceed one-half the wave height. Thus,
since the wave height 1s assumed to be small, the
displacement of any fluid particle from its mean position
must be small.
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Figure 1I-1-4. Water particle displacements from mean position for shallow-water and deepwater waves

source Coastal Engineering Manual
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orbits are elliptical. The more shallow the : er the
ellipse. The amplitude of the water particle displacement
decreases exponentially with depth and in deep water regions
becomes small relative to the wave height at a depth equal to
one-half the wavelength below the free surface; i1.e., when z =
Ly/2.

For shallow regions, horizontal particle displacement near the
bottom can be large. In fact, this 1s apparent in offshore regions
seaward of the breaker zone where wave action and turbulence
lift bottom sediments into suspension. The vertical displacement
of water particles varies from a minimum of zero at the bottom
to a maximum equal to one-half the wave height at the surface.




Or convenie
pressure defined as

pP=p’-p,




The total energy of a wave system i1s the
energy and its potential energy. The kinetic energy 1s that
part of the total energy due to water particle velocities
associated with wave motion. The kinetic energy per unit
length of wave crest for a wave defined with the linear
theory can be found from

E, = /16 *pgH2L



E=E+E, = 18 *pgH-L




Total average wave en
specific energy or energy density, 1S given by

E =E/L = 18 *pgH?



