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Abstract: - An innovative method for the simulation of the hydrodynamics in the swash zone, related to the
wave run-up phenomenon, is presented. This method applies the exact solution of the Riemann problem over a
dry bed to correctly evaluate the celerity of water waves propagating over the shore, and so to precisely track
the coastline location. The simulations of velocity and wave fields outside the surf zone, inside the surf zone
and in the swash zone, are carried out by means of a numerical model which solves 3D motion equations
expressed in integral form, with a vertical coordinate that varies in time in order to follow the free surface
evolution. Several numerical validation tests are carried out, in order to verify the capability of the method to

track the coastline.
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1 Introduction

One of the most important hydrodynamics
phenomena that occurs in coastal regions is the
wave run-up, that is the phenomenon described by
the backward and forward motion of the wave front
that separates the wet zone and the dry zone. A
proper evaluation of the wave run-up is necessary in
order to predict the nearshore currents related to
wave trains.

In this context, numerical models based on
depth-averaged motion equations, such as Nonlinear
Shallow Water Equations or Boussinesq Equations,
are used extensively [1-6]. In particular, the models
that solve Boussinesq Equations are capable to
simulate wave transformation from deep to shallow
water, unlike models based on Nonlinear Shallow
Water Equations.

A number of numerical models in literature
solves the three-dimensional  Navier-Stokes
Equations, which can be integrated over structured
[7] or unstructured grids [8,9]. The most immediate
advantage of this kind of models is that they can
predict the vertical distribution of the flow variables,
unlike models that solve depth-averaged equations.
In the context of models that solve the three-
dimensional Navier-Stokes Equations for free
surface flows, one of the most challenging issues is
the free surface tracking. The Volume of Fluid
(VOF) technique is one of the most employed
methods to locate free surface [10,11]. The main
drawback of the VOF technique is the difficulty to
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precisely assign pressure and kinematic boundary
conditions at the free surface, given the fact that the
vertical fluxes cross the computational cells
arbitrarily.

Many recent 3D models use the so-called o-
coordinate transformation [7,12-14]. By means of
this transformation, the physical domain, that varies
over time with the free surface variation, is mapped
into a fixed rectangular prismatic shape
computational grid. By means of these models, the
free surface position is at the upper computational
boundary, so that kinematic and zero-pressure
conditions at the free-surface are assigned precisely.

In the context of nearshore coastal flows, a
proper numerical simulation of the wave run-up in
the swash zone is fundamental. The nearshore wave
currents related to the propagation of waves in the
swash zone substantially influence the bed erosion e
the bed and coastline evolution. For this reason, it is
very important to carefully locate the coastline
position over time. In order to identify such
position, an esteem of the celerity of the wave front
that divides the wet zone and the dry zone, is
necessary. The proper detection of the coastline in
the swash zone represents a challenging issue. In
fact, the celerity of the wet/dry wave front is often
badly evaluated by the existing methods.

One of the most used techniques in literature to
evaluate the advance of the wet/dry wave front, is
the so-called thin film technique [15]. By means of
this technique, the zone in which the fluid is absent
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(the dry zone), is assumed to be covered by a thin
layer of water. The wet/dry front celerity is
evaluated by solving a Riemann problem (an initial
value problem with piecewise constant initial data
separated by a discontinuity, in the context of a
systems of hyperbolic equations) whose initial data
are always defined by wet zones. Unfortunately,
solving a Riemann problem in wet conditions lead
to an error in the calculation of the wet-dry wave
front celerity.

The WAF (Weighted Average Flux) method is
applied to the detection of the wet/dry front by [16].
By means of this method, the volume of water that
crosses the interface (which defines the position of
the coastline) between the last wet calculation cell
and the first dry calculation cell, is evaluated; when
this volume exceeds a threshold value a priori
defined, the dry calculation cell becomes wet and
the wet/dry front moves to the new interface. This
method does not evaluate directly the wet/dry wave
front celerity and the esteem of such celerity
depends on the threshold value choice.

In order to overcome the limitations of the
models presented in literature, in this work we
present a novel method for the prediction of the
wave run-up, in the context of a numerical model
for the free surface flow simulation, which solves an
integral form of three-dimensional Navier-Stokes
equations, with a vertical coordinate that varies in
time in order to follow the free surface evolution
[17]. The proposed method uses the exact solution
of the Riemann problem over a dry bed, in order to
evaluate the wet/dry wave front celerity in a
physically based way, and an iterative procedure for
the evaluation of the advance over time of the
wet/dry front.

The paper is structured as follows: in Chapter 2,
we briefly describe the 3D numerical model that we
used to simulate hydrodynamic fields in the
coastline zone; in Chapter 3, we describe the exact
solution of the Riemann problem over dry bed and
we present an original method for the evaluation of
the wet/dry wave front celerity; in Chapter 4, we
present the results of several validation tests for the
proposed method; in Chapter 5, we present the
conclusions of the study.

2 3D numerical model

In this section, we briefly describe the numerical
model that we used to simulate the hydrodinamic
fields in the different zones domain (outside the surf
zone, inside the surf zone and in the swash zone).
The model is based on the solution an integral form
of the three-dimensional Navier-Stokes equations,
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with a time-varying vertical coordinate. For details
about the model, see [7].

Let us introduce a particular transformation from
a system of Cartesian coordinates (x?,x2,x3,t), to
a system of curvilinear coordinates (€1,&2,&3,1), in
which the vertical coordinate vary in time in order
to follow the free surface movements:

5+h
§l=x' &=x% =2 T M)

53

T=1

In egn. (1), H is the total water depth, h is the still
water depth and 7 is the free surface elevation. The
following relation is valid

H(xY,x%,t) = h(x1, x2,t) + n(xt, x2,t) )

Let (uq,uy,uz) be the Cartesian components of
the fluid velocity vector i, and (v,,v,,v3) be the
Cartesian components of the velocity vector of the
control volume surfaces, ¥. Let g, and g' (I =
1,2,3) be the covariant base vectors and the
contravariant base vectors, respectively. Let \/E be
the Jacobian of the transformation defined by eqgn.
(1). Further details on definitions can be found in
[7].

Let AV(t) be a volume element defined by
surface elements bounded by curves lying on the
coordinate lines. We define the volume element in
the physical space as:

AV(t) = Ax*Ax?Ax3 = \[gAETA§2AE3 (3)

and the volume element in the transformed space as:

AV* = AELAE2AE3 (4)

AEY, AE? and A3 represent the volume element
dimensions in the transformed space, in &, &2 and
&3 coordinates, respectively. Similarly, we define
the surface element which bounds AV, in the
physical space as 4A(t) = Ax*AxF = \[gAE@AEF
and in the transformed space as AA* = A§*AER
(a, B = 1,2,3 are cyclic).

By means of the coordinate transformation
defined by eqn. (1), the time-varying coordinates of
the physical domain are basically mapped into a
fixed coordinate system (&1,£2,&3), where &3 spans
fromO0to 1.

Let us define the cell averaged value,
respectively of the variable Hu; (I = 1,2,3) and of
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the variable H (recalling that H does not depend on

&%)

L, = —— f Hu,d&'d&? dé3 (5)
v ),

H= - f Hd&tdé? (6)
AAxle AA;1x2

where A4} . = A&*AE? is the horizontal surface
element in the transformed space.

By using eqgn. (5), the integral form of the
momentum equation over the volume AV, expressed
in the time dependent coordinate system defined in
(1), can be written as follows (see [7]):

ofw; 1i
at  AV*

a=1

{ f [ttt — V) g% H]dEP AEY
NAraF

- f [ttty — V) S H]dEP dsy}
aaa-

3
1

~am ot (ongsagbasy
AV* _1 AA*a+

a=

@)
- f [Gng%H]dfﬂds‘V}
AA*C—
- ml,% AV*:—;g%deldfzdf3
3
g 2] vsmasmagta
AV* AA*QF

a=1

- j [2vSmg%H]dER dfy}
AA*a-

where 4A*** and AA**~ indicate the boundary
surfaces of the volume element AV* on which &% is
constant and which are located at the larger and the
smaller value of &%, respectively. Here the indexes
a, B and y are cyclic. In egn. (7) G is the constant of
gravity, p is the fluid density, q is the dynamic
pressure, v is the kinematic viscosity and S;,, is the
strain rate tensor.

By using eqgn. (6), the integral form of continuity
equation over the water column, expressed in the
time dependent coordinate system defined in (1),
can be written as follows (see [7]):
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oH, 1 f li [ f HudéP
— > u
aT AAxle 0 ~ A§d+ a

8
—f Huadfﬁ] d&3=0
Aga-

in which é%* and £~ indicate the boundary lines of
the surface element 4A* on which &% is constant
and which are located at the larger and the smaller
value of &% respectively. Egn. (8) represents the
governing equation that predicts the free surface
motion.

Egns. (7) and (8) represent the expression of the
three dimensional motion equations as a function of
the Hu; and H variables in the coordinate system
(£1,82,83,1). Eqgns. (7) and (8) are solved by means
of a numerical model whose details can be found in

[7].

3 The wet-dry problem

In the simulation of the wave run-up phenomenon, a
good prediction of the water wave propagation over
dry beds, is essential. In particular, the scheme has
to be able to simulate this propagation both over
variable bathymetry and over flat beds. In order to
simulate the run-up and the backwash dynamics of
the wet and dry front in the swash zone, the
following original procedure is proposed.

3.1 The Riemann problem over a dry bed

In order to properly represent the celerity by means
of which the wet/dry wave front propagates, let us
describe the solution of Riemann problem over a dry
bed.

In general, the solution of the Riemann problem
consists on the solution of a system of partial
differential hyperbolic equations, piecewise constant
initial data separated by a discontinuity. For the sake
of simplicity, let us consider the Riemann problem
for the one-dimensional homogeneus Shallow Water
Equations [15]:

(aH . I(uH) .
ot ox ©)
{ o(ur) 0 (Hu? + %GHZ)
+ =0
ot 0x

With initial data:
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oy (ug if x<0
u(t—O)—{uR if x>0 (10)
H(t—O)—{HL if x<0

T Hg if x>0

The subscripts L e R indicate the initial data
value on the left side and on the right side of the
discontinuity, respectively. In eqn. (9), H is the
water depth and u is the depth-averaged velocity.

Let us analyze the Riemann problem over a dry
bed (see fig. 1), whose initial data are given by a
wet state on the left side of the discontinuity
(H, > 0) and by a dry state on the right of the
discontinuity (Hg = Hy = 0, up = ug = 0).

Hu
WET & DRY
H, Hy=0
U uy=0

X

>

Fig. 1. Riemann problem over dry bed. Initial data values.

If the above described Riemann problem over a
dry bed were solved by applying the general
solution of the Riemann problem, in which H; > 0
and Hg > 0, there would be an error. In fact, the
characteristic fan for the solution with initial data
H, > Hp > 0 is composed by a shock wave. It can
be demonstrated that in the solution of the Riemann
problem in the case in which in the initial data there
is a dry state (H, =0 or Hg = 0), a shock wave
cannot be present. This demonstration is shown
below.

Let us suppose the two states (H;,u;) and
(Hg,ug) be connected by a shock wave with
celerity C. Let us introduce the Rankine-Hugoniot
conditions, which describe the relationship between
the solution on one side of the shock wave, and the
solution on the other side, for a one-dimensional
flow.

The application of the Rankine-Hugoniot
conditions leads to the following system of
equations [15]:
Hyuy Houg

1 1
HLuLZ +EGHL2 H0u02 +EGH02

(o] = ren)

(11)

E-ISSN: 2224-347X

Marco Tamburrino, Giovanni Cannata

Eqgn. (11), rewritten in an extended form, reads:

HLuL = Houo + C(HL - Ho) (12)

2 1 2
HLuL +EGHL = (13)
1
Houo? + EGHO2 + C(Hyu, — Houyp)

By imposing that H, = 0, from egn. (12) we obtain:

Hyuy, = @t{uo + C(Hy, — Hp) (14)
Hyu, = CH, (15)
C=u (16)

According to eqn. (16), the celerity of the shock
wave is equal to the velocity of the particles in the
left state. By imposing that H, = 0, from eqgn. (13)
we obtain:

HLuLZ +%GHL2 =

(17)
%uoz + %G%z + C(Hpu, — %uo)
2 1 2 18
HLuL +§GHL = CHLuL ( )
By applying eqn. (16) to eqn. (18), we obtain:
2 1 2 2
HLuL + E GHL = HLuL (19)

According to eqgn. (20), the initial water depth on
the left of the discontinuity. This is in contradiction
with the initial hypothesis according to which
H; > 0. Therefore, it can be assumed that a shock
wave cannot separate a wet solution state from a dry
solution state, hence a shock wave cannot represent
a wet/dry wave front. Thus, a shock wave cannot
exist in proximity of a dry zone.

Let us consider the case in which there is a left
wet state and a right dry state in the initial data (as
shown in fig. 2):

uy, if x<0
ug=uy =0 if x>0
. _(H if x<O0

u(t = 0) = {
(21)
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t
(a) A
Cy=u,- (GH)'? C =+ 2(GH )?
Wet bed Dry bed
> X
t
(b) A
Co=uy - (GH)'*? O =u+2(GH )YV
Wet bed Dry bed
> X
t
(c) A
Co=u; - (GH)Y? " =upr2(GHH?
Wet bed Dry bed
>x

Fig. 2. Riemann problem over dry bed. Exact solution in
case of:

- uL_‘\[GHL>0anduL+2ﬂGHL>O(a),
- uL_\/GHL <0and uL+2ﬂGHL >0(b),
- uL_‘\[GHL<0anduL+2ﬂGHL<O(C).

In this Riemann problem configuration, a left
rarefaction wave is present, related to the left
eigenvalue A, = u —VGH (see [15]). The wave that
connects the dry solution state to a wet solution
state, that advances with celerity C/, is the tail of the
aforementioned rarefaction wave. Hence, the tail of
the rarefaction wave defines the wet/dry wave front.

Let us show the complete exact solution of the
Riemann problem over a dry bed. Let us consider a
fluid particle that belongs to the wet/dry front. Let
H. and u,. be particle water depth and velocity,
respectively. The wet dry front celerity C; is given

by:
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GH, (22)

Recalling that the tail of the rarefaction wave is the
wet/dry wave front, we have:

H.=0 (23)
By using eqn. (23) into eqgn. (22), we have

Cf = u, (24)
Recalling Riemann invariants [15], it can be

assumed that over the rarefaction wave the

following relation is valid:
u + 2VGH = cost (25)

By applying eqn. (25) to the head and the tail of the
rarefaction wave, we have:

uc + 2\/G_HC =u, + 2\/G_HL (26)
By using eqn. (23) into eqn. (26), we have
u. =u, +2,/GH; (27)
From eqns. (24) and (27), we have:
C; =u, +2./GH, (28)

By means of eqn. (28), the celerity of the wet/dry
front can be evaluated. The complete solution of the
Riemann problem over a dry bed, is (see [15]):

( i

uL lf ?Sul‘_ GHL
x

u(x,t)= ufan if uL_\/GHLS ?SCZ
X

Ug=uy =0 if —>C;

x ‘ (29)

f ?SUL_'\/GHL
x

H(x,t) ={ Hpgp if u, —/GH, < ?<C,f
x

LH =H,=0 if —>C;

Where the solution inside the rarefaction fan is
given by:
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1 1 X
S _x 30
Han G\]3 (u, +2,/GH, t) (30)

2
(uL +2/GH,, + Tx) (31)

Wl =

Ufan =

3.2 Evaluation of the advance of the wet/dry
wave front

In this subsection, we describe the procedure by
means of which the wet/dry wave front is advanced.
For the sake of simplicity, the procedure is
described for the only & direction, by neglecting
the &2 direction. Let be (i, k) the two indexes which
define the center of the calculation cells in the &!
and &3 directions, respectively. Hereinafter, the
superscript (n) indicates the time level t™ of the
known variables, while the superscript (n+ 1)
indicates the time level t™*! = ™ 4+ Ar, of the
unknown variables (see [7]).

Let us define the wet column [; as the set of
calculation cells stacked on top of each other,
characterized by the same i index and by having
H; > Hpin. A dry column differs from a wet
column because in a dry column H; < Hy,;,. A dry
column can change status to wet only if at least one
of the adjacent columns is wet. Let be [; a dry
column and I;_; a wet column. The criterion by
means of which I; changes status from dry to wet is
described as follows.

Asymmetric WENO reconstructions defined on
the wet column [;_; lead to the evaluation of the

point-value variables H{"),, and ulgf)l_/z . located
at the cell faces. In the dry column I[;,

reconstructions are not carried out, and point-values

i (n)+ (m)+
variables H;; ,, and u,; ", , are set to zero.

In order to use the solution of the one-
dimensional Riemann problem described in
subsection 3.1, the depth-averaged velocity value
has to be evaluated. For this reason, we evaluate the

average over &3 of ulg’_l)l_/z .. values at the interface
between the column I;_; and the column I;, to

obtain the depth-averaged velocity values ﬁlgﬂ /2-

~ (n)

uli—1/2 (32)

my
= Z Afi3—1/2,ku1$)1_/2,k
k=1
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In (32), my is the number of cells in the column and

A'51'3—1/2,k = (fi3—1/2,k+1/z - 55—1/2,1(—1/2)-
By means of eqn. (28), the propagation celerity

of the wet-dry front ¢{™) /, €an be evaluated as the

celerity of the tail of the rarefaction wave, which
divides wet status from the dry status:

- (n)-

(n)
Ciciyz =Uy-hy,

i-1/2

m- /2
+2(6H™),) (33)

Let H"} /)" and ("} )" be the solutions of the
Riemann problem over a dry bed, described in
subsection 3.1, evaluated over the interface between
the wet column, I;_4, and the dry column, ;. From
eqn. (29), we can have three cases.

In the first case, both the celerity of the head of
the wave rarefaction and the celerity of the tail of
the wave rarefaction are positive (fig. 2a). From
eqgn. (29), we have:

(n) - >

(n)-
Ut 1y 2 GH;

i-1/2

OO = g (34)

i-1/2 i-1/2

m+Ox _ _ (n)-
u1i—1/2 - uli—1/2

In the second case, the celerity of the head of the
wave rarefaction is negative and the celerity of the
tail of the wave rarefaction is positive (fig. 2b). It
must be noted that the solution is evaluated at the
column interface, that is the point in which there is
the discontinuity in the initial data, hence, in egns.
(30) and (31), x = 0. From egns. (29), (30) and
(31), we have:

(n)- (m)-
_ZWIGHl'—l/Z = Ui 12 S

(-
GHi—1/2

1(1 1/2
(n+1)x _ n)- m)-
Hi 1y = 5{5 Uy, t Z\IGHi—l/Z]} (35)
1
(n+1)* _ - -
li-1/2 — 3 [uli—1/2 + waGHi—Uz]

In the third case, both the celerity of the head of
the wave rarefaction and the celerity of the tail of
the wave rarefaction are negative (fig. 2c). From
eqgn. (29), we have:
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(m)— ’ (n)-
Uti_12 < -2 GHi—1/2

m+1)* _ 36
Hi—1/2 =0 (36)
(n+1)x _
li—1/2 = 0

Let db'{"7/) be the distance between the wet-

dry front and the interface between the columns I;_;
and I; interface. This distance is given by:

1 (Tl+ 1)

i-1/2 = Cv-(n)

i-1/2

db AT +db' ), (37)

In eqn. (37), At is the time step At = ™1 — ™.
The criterion to decide if the column I; changes
status from dry to wet is:

(n+1)

dbli_l/z (38)

> AT

where A& =¢&l,,— &, is the distance
between the wet/dry wave front and the interface
between the I;_; and I; columns.
The iterative procedure for the evaluation of the
wet/dry wave front position, is described as follows:
1. Evaluation of the point-value variables

Hi(fizz and ulz@l;z,k at the interface

between the I;_; and I; columns, by means
of asymmetric WENO reconstructions.
2. Evaluation of the depth-averaged velocity

value ﬁlgf)l /2 from point-value variables
(nm)-
Wi 12k
3. Evaluation of the wet/dry wave front

celerity “i(fi /2 by means of eqn. (33).

4. Advancing in time at the interface between
the I,_; and I; columns of the depth-
averaged values, by means of the exact
solution of the Riemann problem over a dry

bed, by means of egns. (34), (35), (36), to

obtain "} and uy "7 )",
5. Evaluation of the distance between the
wet/dry wave front and the interface
(n+1)

between the I;,_; and I; columns, dbli_l/z,
by means of egn. (37).
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6. Update of the cell averaged values ﬁl("“)

and H™*D in the whole domain, by means
of the numerical scheme, proposed by [7].

7. Check of the condition (38) for the wetting
of the column I;. If condition (38) is not
satisfied, return to step 1. If condition (38)
is satisfied, the column I; becomes wet, the

new wet/dry interface is located between the

column I; and the column I;, 4, dblgﬁr}g =

0 and return to step 1.
The described criterion is applied analogously to
direction &2,

4 Results and discussion

4.1 Solitary wave on a slope beach test

In order to validate the proposed method for the
evaluation of the wet-dry front position, we present
the results of the simulation of a solitary wave in a
channel with a slope beach. Results obtained by the
proposed numerical model are compared against the
experimental results obtained by [18].

The test consist in the propagation of a solitary
wave over a slope beach. The still water depth is
h = 0.29 m, the wave amplitude is 0.0812 m, the
beach slope is 1/20 and the wave is generated
3.00m far from the toe of the beach. For the
numerical simulation, we adopted a minimum water
depth H,,; = 0.001 m.

Fig. 3 shows the comparison between numerical
results obtained by the proposed model and
experimental measurement obtained by [18]. Results
are shown in terms of quantities normalized by still
water depth, at different time instants (normalized

by +Gh). Figs. 3a and 3b show the wave
transformation and breaking due to the bottom
change; it can be seen that both wave steepening
and wave breaking are well simulated by the
proposed numerical model. In Figs. 3c and 3d, the
wave front is shown propagating over the beach; it
can be noted that the proposed numerical wet-dry
technique is able to well predict the wave front
celerity over the dry bed and the maximum run-up
position. From Figs. 3e, 3f and 3g, it can be seen
that even the wave run-down phenomenon is very
well predicted by the numerical model. The
numerical results are generally in a very good
agreement with the experimental measurements.
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Fig. 3. Solitary wave on a slope beach. Normalized free
surface elevation at: t/vVGh = 10 (a), t/VGh = 20 (b),
t/NGh =30 (c), t/YGh=40 (d), t/VGh =50 (e),
t/NGh = 60 (f), t/NGh =70 (g). Red line: numerical
results. Blue squares: experimental results by [18].
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4.2 Rip current test

In order to evaluate the ability to predict run-up in
the 3D context by means of the proposed method for
the evaluation of the wet-dry front position, we
reproduce the laboratory experiment carried out by
[19].

The experimental set-up of the test carried out by
[19] has the following characteristics: a 30x30m
basin, a plane sloping beach of 1/30 with a channel
located along the centerline. In fig. 4, the still water
depth is shown. The bathymetry is symmetric with
respect to the channel axis. At the boundaries that
are parallel to the x-axis, reflective boundary
conditions are imposed. In this subsection, we show
the results obtained by simulating a wave train
generated in deep water (X =0m) with the
following features: wave period T = 1.25 s, wave
height A = 0.07m.

SWD! 005010014 018022 027 0.31 035039044 048

30

25

20

10

0 2 4 6 8 10 12 14 16 18 20 2 24 26
X [m]

Fig. 4. Rip current test. Still water depth [m].

Fig. 4. Rip current test. General 3D view of water depth.
Orange: dry zone. Blue: wet zone.

In fig. 5, a 3D view of the water depth is shown.
Fig. 5 shows the complex wave field transformation

Volume 14, 2019



WSEAS TRANSACTIONS on FLUID MECHANICS

caused by the spatially variable bathymetry. Is to be
noted the wave field propagates differently in the
channel section and outside the channel. From. fig.
5, it can be seen that the model is able to properly
predict all the aspects of the wave propagation from
deep to shallow water, outside the surf zone, into the
surf zone and into the swash zone (thanks also to the
proposed wet/dry front detection method).

Fig. 6 shows several 3D views of the water
depth, with particular regard to the swash zone. Fig.
6a shows a wave front at the start of the run-up
phase in the channel zone. Fig. 6b shows the
wet/dry wave front advancing over the beach, both
in the channel and outside the channel. In fig. 6c,
the wet-dry wave front is shown to have reached the
maximum run-up in the channel, while yet
advancing outside the channel. Fig. 6d shows the
wave run-down at the center of the channel, while
outside the channel the wet/dry front reaches the
maximum run-up. Fig. 6e shows that outside the
channel the wet/dry wave front moves backward,
while in the channel another wave front is
advancing. From figs. 6¢, 6d and 6e, it can be seen
that the proposed wet/dry front detection method is
capable to handle spatially complex problems, in
which there is a substantial difference, in the run-up
phenomenon, among different zones of the domain.
In fig. 6f, a new run-up phase is displayed, showing
that the proposed model is capable to track the
wet/dry front position in case of continuous wave
trains.

4 Conclusion

A study of wave run-up phenomenon in the swash
zone by means of an innovative method, has been
presented. The proposed method is based on the
exact solution of the Riemann problem over dry
bed, by means of which the celerity of the wave
wet/dry front is correctly evaluated; this allows the
method to precisely detect the wet/dry front
position. The proposed method is applied in the
context of a numerical model that solves three-
dimensional motion equations, expressed in integral
form, in which the vertical coordinate varies in time
in order to follow the free surface movement. The
validation tests that were carried out showed that the
proposed method for the detection of the wet/dry
front, is capable to precisely evaluate the shoreline
location, allowing the numerical model to correctly
predict the hydrodynamics phenomena in the swash
zone.
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(a)

(b)

(e) (f)

Fig. 6. Rip current test. 3D view of water depth in the
swash zone at: t =39s (a), t =39.33s (b), t =39.67 s
(), t=40s (d), t = 40.33 s (e), t = 40.67 s (f). Orange:
dry zone. Blue: wet zone.
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