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ABSTRACT

Interaction of uniform and shear currents with nonlinear
waves is studied by use of the computational fluid dynamies ap
proach. A range of nonlinear waves are considered including
shallow- and deep-water waves, and the effect of currentarof
able speed and direction on the wave height is investigdled.
form current consists of a fixed horizontal velocity acréeswa-
ter depth, while shear current imposes a linearly varyingpee
ity from the seafloor to the still-water level. The currenesgs
are selected such that they remain comparable with the boriz
tal particle velocity under the wave crest and wave trough. A
computational wave-current tank is developed for this psg
and the combined wave-current condition is obtained by ldeve
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on how the wave changes under the ambient current. Shear cur-
rents are observed to have a stronger influence on the change o
wave height than uniform currents.

Keywords: Wave-current interaction, nonlinear waves,
wave-current tank, uniform current, shearing current

1 INTRODUCTION

The presence of currents strongly influences ocean wave
characteristics. In particular, the change of wave heights of
interest, as this modifies the loads imparted by the waveentir
system onto coastal and offshore structures. Differentecar

oping a new wave-current maker in an open-source computa- Profiles are observed at various geographic locations [la+]
tional fluid dynamics package, namely OpenFOAM. The model this affects the resulting wave-currentinteraction. Theement

is tested against laboratory measurements of various tgbes

of sediment on the seabed, the evolution of coastal morglolo

wave and currents and very good agreement is observed. Theas well as the movement of the pollutants are affected by the

model is then used to investigate how currents of differemt p
file, speed and direction modify the wave field. While thefadu
the study is on the effect of these currents on the changew& wa
height, the surface elevation of the waves is also assessedie
cases. Discussion is provided on the differences betweaesntu
effect on the wave height of shallow-water waves vs deeprwat
waves. The wave nonlinearity is found to play a remarkalk ro

*Address all correspondence to this author.

presence of ambient currents, see [6,7]. Study conductedhby
et al. [8] found that the wave refraction and diffractionrfr@an
uneven seafloor is influenced by wave-current interactiome T
presence of currents introduces significant drag forcegraout}
ifies the total load generated by the wave-current field, Sge [
Toffoli et al. [10] reported that the presence of an opposing
rent (i.e., wave and current propagating in opposite diastto
each other) can lead to instability and breaking of wave ptsck
Hence, a study of wave-current interaction is imperatived®an
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engineering applications.

The change of wave height has been investigated experi-
mentally in several studies. Typically, currents that @vé a
fixed horizontal velocity across the water degthor (ii) have a water (generated using Cnoidal wave theory) interactirtly foi-
varying velocity from the seafloor to the still-water leveM/L) lowing and opposing currents of different profiles was carteld
are chosen. Experiments conducted by Brevik & Bjgrn [11] and by Kumar & Hayatdavoodi [31]. Several waves were considered
Brevik [12] investigating the interaction of waves withlfmking and it was observed that in case of following currents, theewa
(currents propagating in the same direction as the wavesdpn height increased and in case of opposing current, the waghthe
posing currents indicate that, in case of following currevave reduced. This was observed to be a peculiar behaviour ingeghan
height decreases, whereas, in case of opposing curreng wav of wave height and merited further investigation. From the a
height increases. The studies considered rippled and smoot sessment of the literature, it was also observed that a sitidy
seabeds but were confined to deep water conditions. Wavtheig the interaction between regular waves in shallow water afad d

current interactions include [25-30].
A numerical investigation conducted by solving the Navier-
Stokes (NS) equations for the case of regular waves in shallo

was observed to be increasing in the experimental study con-
ducted by Thomas [13], as linear waves interacted with non-
uniform opposing currents. Similar behaviour in change a¥av
height was observed in a follow-up experimental investigat
conducted by Thomas [14], where nonlinear waves were consid
ered. These studies, too, were limited to deep water comditi
The effect of following and opposing currents with a mixed-pr
file (i.e., maintaining a uniform profile up to a certain deptid
then changing linearly with water depth) on nonlinear deep w
ter waves was investigated experimentally by Swan et al. [15
It was observed that wave height decreases with following cu
rent and increases with opposing current. The interacten b
tween waves and a uniform current was assessed experitgental
by Umeyama [16] focusing on particle velocities and trajeies.
They concluded that the wave height in case of followingenirr
was 13% to 17% smaller than the wave-only condition. Several
other studies have experimentally investigated the intemabe-
tween waves and currents, see e.g., [17-20].

A numerical study investigating the effect of uniform cur-
rents on near-resonant triad interactions of gravity wavebal-
low water was conducted by Chen et al. [21]. The numerical

ferent current profiles was missing. Hence, the goal of thidys
is to further investigate the interaction of regular wavestial-
low and deep waters with currents of different profiles arskas
their effect particularly on the change of wave height.

The theory associated with the computational approach used
in this study and the steps taken to solve the governing esat
are discussed first. Then, a description of the numericabwav
current tank, the mesh setup and the layout of the numegaal s
sors is provided. This is followed by a discussion about ffie d
ferent waves and current profiles chosen for the study. Tthen,
results of the numerical wave-current tank are comparduexi
perimental studies, and the results of the wave-curredysbn
change of wave height along with the major inferences are dis
cussed. Lastly, some concluding remarks about the resdts a
provided.

2 THEORY AND NUMERICAL SOLUTION

A two-dimensional Cartesian coordinate system with the
positive x—direction pointing to the right and the positive
z—direction pointing against the acceleration due to graigty

wave tank was set up using Boussinesqg-type equations for thechosen. The waves propagate along the positivirection and

fully coupled wave-current interactions. The first ordeveva
height was observed to decrease with following currentsiand
crease with opposing currents and the study was limited & on
current profile. Numerical investigation of the interaatibe-
tween a linear shear current and a strongly nonlinear splita
wave in shallow water conducted by Choi [22], indicated that
a solitary wave narrows down when interacting with a follow-
ing current and widens when facing an opposing current. A nu-
merical model based on the Reynolds-Averaged Navier—Stoke
(RANS) equations was used by Zhang et al. [23], to invesigat
the interaction of a solitary wave with following and oppugi
uniform currents. Following current was found to decredse t
wave height while opposing current increased it. The efféet
linear shear current on solitary waves in shallow water was n
merically studied by Guyenne [24], using a two-dimensiathal
rect numerical simulation method and the wave height wasdou

to be larger in case of opposing currents and smaller in case

of following currents. Other numerical investigations cdive-

the origin of the coordinate system is fixed at the SWL. Thalflui

is incompressible, Newtonian and homogeneous substattoe at
scale of observation. It is assumed that the effect of terze in
case of wave-current interaction over a flat seafloor is geu,

see e.g., [30, 32, 33] for numerical studies that use lanfloar
assumption in case of wave-current interaction. The fluebpr
sure and velocity are considered differentiable in spaddiare.

The flow is governed by the mass and momentum conservation
equations,

BV =o, L

oV

W+D7.7=—%DD+VE>27—@7 )
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WhereV = ux_i) + uz_k> is the velocity vector,_i) and _k> are
the unit normal vectors in— andz— directions, respectively,
is time, p is the density of the fluidp is the pressurey is the
kinematic viscosity andy represents the body force vector due
to gravity. The gradient function is representediiywhile the

. . =
divergence and Laplacian vectors are represented layd 2,
respectively. Equations (1) and (2) are solved simultaskdar
both air (on top) and water phases. The free surface between a
and water is captured using the Volume of Fluid method, sék [3
The equations are only solved in the andz— directions in this
two-dimensional study.

The pressure-velocity coupling problem is iterativelywsal
using the PIMPLE algorithm, see [35]. The governing equregio
are discretized using finite volume approach. An open source
computational fluid dynamics package, OpenFOAM, is used to
solve the computational domain.

The shallow water wave in this study is generated using
the Cnoidal wave theory. Starting from the Korteweg—de ¥'rie
(KdV) equation, the surface elevatian, is obtained as

N = Nmin+ Her?(8, m), 3)

where nmin is the distance between the wave trough and the SWL
andcnrepresents the Jacobian elliptic function of varialflesd
m (0 <m< 1) ([36]). Nmin is defined as

(-5)-

where K = K(m) andE = E(m) are the complete elliptical inte-
grals of the first and second kind, respectively. The vagiéhl
in Eq. (3), is defined as

1

Nmin = <m

(4)

t X

G:ZK(T—X). (5)

The horizontal particle velocity according to the Cnhoidawe

theory is given as
n\?2 1 z+h\?
(F) + 37\ hnw|,  (6)

where,c is the phase velocity is the vertical coordinate that
varies from 0 to—h andnyy is obtained by differentiation of Eq.

@).

1

2

The deep water wave is generated using the Stream Function
wave theory which provides a nonlinear solution to the stead
wave problem in arbitrary depth, see [37, 38]. Here, thezwori
tal particle velocity is given as

1 . coshjk(z+h)

w
Ue(w) = (F ~0) + J;JBJ coshjkh

cosj (kx— wt + @),
(7)

where, w is the wave frequency given ast?T, k is the wave
number,u is the mean fluid speeds; are dimensionless con-
stantszis the vertical coordinate is the horizontal coordinate
andg is the wave phase angle.

Hereafter, acceleration due to gravity),(density of water
(p) and the water depthh), are employed as the dimension-
ally independent set used to nondimensionalize all panset
ThereforeH =H/h, 7=n/h, T =T/y/h/g, Ux = ux//ghand
A = A/h. The bar over the variables is removed from all dimen-
sionless quantities for simplicity.

A theoretical wave-current maker is used to set up the com-
bined wave-current field. The horizontal particle velo@itythe
wave-current maker is obtained by the linear superposition
the wave and the current velocities. Hence, the wave-curren
horizontal particle velocity ), for the combined current and
wave, at the wave-maker, is given by

Ux(we) = Ux(w) + U, (8)
where, Uy, is the horizontal particle velocity due to the wave
given in Egs. (6) and (7), whilg; is the horizontal particle ve-
locity due to the current.

The numerical wave-current tank comprises of three regions
(i) the region where the horizontal and vertical particléoee
ties, pressure field and free surface elevation are enfawsatd-
ing to the theoretical wave-current setup, (ii) the compaiteal
region where the NS equations are solved iteratively, aiid (i
the region where the wave-current system is allowed tophssi
gradually, namely the wave-current absorption zone. Theswa
current generation and absorption zones (regions (i) any (i
are also known as the inlet and outlet relaxation zones cespe
tively. The relaxation zones proposed by [39] for waves have
been modified to incorporate the current. The outlet relarat
zone minimises the computational cost by restricting tingtle
of the numerical domain. The current profile linearly supsgd
at the wave generation zone is replicated at the boundahyeof t
outlet relaxation zone in order to conserve mass in the domai
The fluid velocity at the flat, stationary tank bottom is se0fo
i.e. a no-slip boundary condition is used on this boundahe T
change in mass of water in the tank over time has been continu-
ously monitored for all computational investigations @rout
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in this study. It is observed that the change in mass of water i
the tank is always less than 0.7%.

3 NUMERICAL TANK SETUP

The setup of the numerical wave-currenttank and its compu-
tational mesh are discussed in this section. A structuredline-
dral mesh is used for the spatial discretization of the nicakr
domain. Mesh refinement is defined on the basis of the wave-
length, A, and wave height of the incident wave. The mesh
configuration here follows the mesh convergence study of Ku-
mar & Hayatdavoodi [31] for a similar wave-current tank, \ndne
increasing number of cells per wavelength and wave height ar
considered. A mesh with 62 cells per wave height and 500 cells
per wavelength is chosen as it is found to be optimum and com-
putationally reasonable for the cases considered here.

The two-gauge method outlined by Grue [40] is employed
to monitor the wave reflection at the centre of the domain.
This method has been previously employed by Hayatdavoodi et
al. [41] to obtain the reflection and transmission coeffitsesf
strongly nonlinear waves. The variation of the reflectiopftio
cient with time is studied and it is found that the reflectioonf
the outlet relaxation zone remains below 2%.

A numerical domain with a wave-current generation zone of
lengthA and a wave-current absorption zone of lengftba re-
sults in a stable and efficient wave-current tank, with rigile
reflection from the open boundary, as noted in Kumar & Hayat-
davoodi [42]. This is in agreement with the previous inwgesti
tions of Hayatdavoodi et al. [43] on the optimum computadion
domain length for nonlinear waves. The total length of the nu
merical wave tank is X, ensuring that at least five waves are
entirely outside the relaxation zones for the investigetiat all
times. The schematic of the numerical wave tank along wih th
location of the wave gauges is shown in Fig. 1. Surface almvat
is recorded by Gauges Gl and Gll, placed at distaicaad 21
from the inlet relaxation zone, respectively.

4 WAVE-CURRENT CONDITIONS

Two current profiles are considered in this study, namely a
uniform current profile and a shear current profile. The hmriz
tal particle velocity due to the currentg, is a function of the
vertical coordinate, and it is defined@agz) = (z+ 1) us, for the
shear current, while it is fixed at(z) = uyc, for the uniform cur-
rent. Hereusc is the current velocity at the free surface, in case
of shear current andy is the current velocity at the free sur-
face, in case of uniform current. The current velocitiescre-
sen such that they remain comparable with the horizontéibper
velocities due to the waves of this study. This is observeedn
2, which shows the horizontal particle velocity profile untee
wave crest for both waves of the study along with the currents
chosen in these investigations. These horizontal pantiligci-
ties are only imposed at the inlet and outlet relaxation goihe
total, 18 current configurations are considered in thisystud
changing the current profile, magnitude and direction inedatb
the direction of wave propagation and Table 1 provides et
the selected current profiles. Here, a following currenejzre-
sented by a positive current velocity and an opposing ctiisen
represented by a negative current velocity.

The interaction of waves W1 and W2 with all current config-
urations is investigated in this study. Along with the twovea
only computations, this results in a total of 38 wave- & wave-
current computations. The results of these wave-curreat-in
action cases are then used to investigate the variationrfafcgu
elevation and the change of wave height with increasingeciirr
velocities and changing current direction.

5 RESULTS AND DISCUSSION

The results of the numerical wave-current tank are discuisse
in this section. First, results of the NS model are compariid w
existing laboratory experiments and other computatiohad-s
ies. Then, the wave-current interaction computations areezl
out and the changes in surface elevation and the change ef wav
height are investigated.

5.1 Comparison with Laboratory Experiments
The numerical wave-current is used to set up a coexisting

The waves and currents chosen in this study are discussedwave-current field and the results are compared with the-labo

in this section. This study considers two nonlinear waveparf
gating in, (i) shallow and (ii) deep water in the presencerof a
bient currents. The water depth is fixed at 0.15 m (except for
cases used in comparisons) and the wave parameters aeglalter
to move from shallow water wave to deep water wave. The wave
parameters are described in Table 1. Wave W1 is the shallow
water wave generated using the Cnoidal wave theory (withpste
ness = 0.008h/gT? = 0.001 andH /gT? = 0.0003) and wave

W?2 is the deep water wave generated by the use of Stream func-

tion wave theory (with steepness = 0.02hpgT? = 0.1112 and
H/gT? = 0.004).

ratory measurements and numerical assessments perfogmed b
Chen et al. [44]. They also used the higher-order boundary el
ment method (HOBEM) based on potential flow theory to solve
the computations. In these experiments, a wave ith 0.083
and T = 4.044 propagates over a uniform current witly =
0.0824 in a tank witth = 0.6 m. Time series of surface elevation
of the wave-currentfield, recorded by a gauge located atrutist
A from the inlet relaxation zone (Gl), is shown in Fig. 3. Résul
of the NS model show good agreement with the computations
and laboratory measurements of Chen et al. [44].

Results of the NS model, for the wave-current cases con-
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TABLE 1. WAVE-CURRENT CONDITIONS CONSIDERED IN THIS STUDY.

Wave Wave height

Wave period Current type

Current veloditha free surface

Uniform

w1l 0.2 24.99

Shear

Uniform

w2 0.036 2.99

Shear

+0.0022
+0.035
+0.0701
+0.105
+0.14
+0.175
+0.035
+0.0701
+0.105

+0.0022
+0.035
+0.0701
+0.105
+0.14
+0.175
+0.035
+0.0701
+0.105

sidered here, are presented and discussed in the following s
sections. First, surface elevation is analysed as the viatezact
with different currents. This is followed by the study of clge
of wave height. Each sub-section is further categorizeddas
the type of current interacting with the waves.

5.2 Surface Elevation

The surface elevation of the incident waves as they interact
with different currents is investigated in this sectionguiie 4
depicts the time series of surface elevation recorded ag€au
Gl and GlI in the absence of current along with the analytical
solution for surface elevation obtained using the Cnoidavev
theory, Eqg. (3), and the analytical solution for surfaceati®en
obtained using Stokes Second wave theory (valid for thetele

Copyright © 2023 by ASME
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FIGURE 2. THE IMPOSED HORIZONTAL PARTICLE VELOC-
ITY PROFILES SHOWN FOR THE FOLLOWING CURRENT
CASES AND UNDER THE CREST OF THE WAVE CASES. THE
CURRENT PROFILES ARE MIRRORED ALONG THE VERTICAL
AXIS WITH RESPECT TOux = 0, IN THE CASE OF OPPOSING
CURRENTS.
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FIGURE 3. TIME SERIES OF SURFACE ELEVATION UNDER
THE WAVE-CURRENT SYSTEM OBTAINED USING THE NS
MODEL, COMPARED WITH LABORATORY MEASUREMENTS
AND COMPUTATIONS OF CHEN ET AL. [44],H =0.083, T =
4.044,h = 0.6 m AND uyc = 0.0824.

wave and an alternative to the Stream Function wave the@y us
in the computations). It is observed that the waves gengrate
the tank are in good agreement with the respective analgiica
lutions. This is followed by introduction of currents infoet do-
main and the surface elevation is studied in their presenhe.
change in surface elevation is investigated by defining llaage

of the peak of surface elevation, = [(Qwec — Nw)/Nw] x 100,
whereny is the peak of surface elevation in the presence of the
current andyy is the peak of surface elevation from the wave-
only case. Thereforep’ represents the percentage change of
peak of surface elevation due to the presence of currents- In
der to obtain the peak of surface elevation at a given gauige, a
waves in the time series of surface elevation (excludingahgp
wave) are observed, the highest and lowest peaks are déstcard
and the mean of the remaining peaks in the signal is useddor th
assessment.

(a) Shallow Water (W1)

;Thcory (Cnoidal)|
---GI

0.02 k= (b) Deep Water (W2) 7Theor‘y (Stokes Secon

0 0.5 1
t)T

15 2

FIGURE 4. TIME SERIES OF SURFACE ELEVATION
RECORDED AT GAUGES Gl & Gll FOR WAVES (a) W1 AND (b)
W2, IN THE ABSENCE OF CURRENT.

The change in peak of surface elevation as shallow and deep
water waves interact with following and opposing uniform-cu
rents is shown in Fig. 5. It is observed that in case of deepmwat
wave-currentinteraction, a following current decreagesnd an
opposing currentincreases it. Opposing current has ageraft-
fect on the change in peak of surface elevation (up to 20%) tha
following current (up to 8%). In case of shallow water wave-
current interaction, it is found that following current reases
the peak of surface elevation, while an opposing curreniges
the samen’ is found to change almost linearly with increasing
current velocities.

The effect of following and opposing shear currents on the
change in peak of surface elevation is shown in Fig. 6. As
observed with uniform current, in case of shallow water wave
current interaction, following current increasg’swhile oppos-
ing current decreases the same. Shear currents have aestrong
influence om’ (up to+11%) when compared with uniform cur-
rents (up tot+6%). In case of deep water wave-current interac-
tion, it is observed that following current reduces however,
as the shear current velocity increasg$,also increases. Op-
posing shear currents increase peak of surface elevatitimthe
strongest shear current increasiyigoy 17%.

5.3 Change of Wave Height

In this section, the change of wave height of the incident
wave due to the presence of currents is studied. There are two
methods that are employed to study the change of wave height.

The first method uses the snapshots of the surface elevation
recorded within the domain (outside the relaxation zones) a
given time. The change of wave height is then assessed-statis
tically by measuring the peak-to-peak variation of waveghei
Similar to the approach adopted in case of surface elevatien
maximum and minimum values of wave height are rejected and
an arithmetic mean of the remaining wave height data is densi
ered to obtain a statistically sound data set.

The second method assesses the change of wave height by
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FIGURE 5. CHANGE IN SURFACE ELEVATION AS WAVES IN
(a) SHALLOW WATER AND (b) DEEP WATER, INTERACT WITH

FOLLOWING AND OPPOSING UNIFORM CURRENTS.
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FIGURE 6. CHANGE IN SURFACE ELEVATION AS WAVES IN
(a) SHALLOW WATER AND (b) DEEP WATER, INTERACT WITH
FOLLOWING AND OPPOSING SHEAR CURRENTS.

reconstructing the snapshots of the surface elevatiorrdedo
within the domain (outside the relaxation zones) at a giirap t
using the Fourier series as:

n(xto) = iAicos(k@H— 4), 9)

where the surface elevation, is presented as a function of the
x—coordinate at a given timeg, see e.g., [45]. Hered are

the amplitudes of the firsi & 1) and higheri(> 1) harmonics,
while k; and & represent the spatial frequency and phase angle,
respectively. In this approach of wave height assessmait, o
the amplitudes corresponding to the first and second hagmoni
(i =1 andi = 2, respectively) are considered. A sample case
of wave height assessment conducted with this method is por-
trayed using the Fourier transform output in Fig. 7. Here, th
Fourier transform of the snapshots of wave W1 and W2 interact
ing with following and opposing uniform currents of magriéy

uyc = 0.035, is presented. It is observed that the shallow water
wave is highly nonlinear as the amplitude of the first and sdco

7

0.1 —Wave Ol‘lly i
---Wave & following current
=< 0.05 Wave & opposing current|
(a) Shallow Water (W1)
0 . -
0 . 1 15 2
0.002 T : :
<0.001F b
0.000 ‘ (b) Deep Water (W2)
0 5 10 15 20
k
FIGURE 7. FOURIER TRANSFORM OF THE SURFACE ELEVA-

TION OF WAVES (a) W1 AND (b) W2 IN THE DOMAIN AT t = 100,
AS THEY INTERACT WITH FOLLOWING AND OPPOSING UNI-
FORM CURRENTSpyc = +0.035.

harmonics are significant. However in case of deep water wave
only the amplitude of the first harmonic is significant. THere
in case of deep water wave, discussion hereafter is limitélde
first harmonic components, while both first and second haitnon
components are assessed while investigating the shallder wa
wave.

In the first method, the changes in wave height are defined
usingH’ = [(Hwc — Hw)/Hu] x 100, whereH, is the height of
the wave under the influence of current dig is the height of
the wave in the absence of current. Hence, this parametex-rep
sents the percentage change in wave height due to the peesenc
of currents. This technique is also utilised to study thengiea
of the peak of surface elevation in the previous section Seze
5.2. Under the second method, the changes in wave height are
defined using—l{ [(Hi(WC) - HI(W))/HI(W)] x 100, WhereHi(WC)
is the wave height of thih harmonics of the wave in the pres-
ence of current anHl;y, is the wave height of thith harmonics
of the wave in the absence of current.

5.3.1 Uniform Current The effect of uniform currents
on the wave height of shallow and deep water waves is studied
in this section. The change of wave height as both waves in-
teract with following and opposing uniform currents of ieas-
ing magnitudes is shown in Fig. 8. The behaviouHdfas the
shallow water wave interacts with uniform currents is qpieu-
liar, as observed in Fig. 8(a). It is found that following mts
consistently increase the wave height of the shallow watarew
and opposing currents reduce the same. Stronger currerds ha
a more significant impact of the change of wave height. Itdis in
ferred that the nature of the incident wave plays a decisikein
shaping the outcome of change of wave height as waves ihterac
with following and opposing uniform currents.

It is seen that in deep water conditions, a following current
decreases the wave height while an opposing current ireseas
the wave height. This is in agreement with the trend obseirved
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20k 1 L O 1 -

0 0.05 01 0.15 0.2 tion, following current increases the wave height while agipg

Uy

current reduces it. Shear currents are also observed todnky ne
FIGURE 9. CHANGE OF WAVE HEIGHT OF THE (a) FIRST AND twice as influential otH’ when compared with uniform currents
(b) SECOND HARMONIC OF THE SHALLOW WATER WAVE, with the same free surface velocity. Further, it is seen tblat
AND (c) FIRST HARMONIC OF THE DEEP WATER WAVE, AS lowing shear current has a stronger effecttéhthan opposing

THEY INTERACT WITH FOLLOWING AND OPPOSING UNI- shear current. In case of deep water wave-current intergcti
FORM CURRENTS. following shear currents are observed to redd¢enhile oppos-

ing shear currents increase it. Following shear currentskiye
influence the change of wave height in deep water waves, when
compared with uniform currents. Opposing shear currente ha
stronger influence oH’, when compared to following shear cur-
rents, but they are still weaker than opposing uniform mitge

in deep water. This indicates that shear currents have degrea
influence on the wave height than uniform currents in case of
shallow water waves, whereas the effect of uniform currents

literature. The change iH’ also increases with the current ve-
locity. In case of wave interaction with opposing currentiéep
water conditions, it is observed that the wave is unable cpgr
gate through the domain for current velocities larger thd05.
Hence, there are only four data points available for disonss e ;
when wave W2 interacts with uniform opposing currents, as ob More significant in deep water waves.

served in Fig. 8(b). The assessment of wave height is carried out using the
The results of wave height assessment conducted with the Fourier analysis method and its results are shown in FigFibt.

second method are shown in Fig. 9. Figures 9(a) & 9(b) indicat ures 11(a) & 11(b) indicate that the nonlinear componentaef

that the effect of currents on the nonlinear components ef th incident waves are significantly influenced by the shearerist

incident waves is significanH is observed to behave quite dif-  In case of shallow water wave-current interactiblj,increases

ferently fromHj in these figures. The effect of current direction  with following shear current by 20% initially decreases with

on the change of wave height of the first harmonic appears to be opposing current (-20%), but increases with stronger sbaar

insignificant. For the deep water wave-current interagtibis rents. H; is not influenced by the direction of shear currents, as
observed that in case of opposing currehiSinitially increases both following and opposing currents increasg In case of
and then decreases. In case of following curreHtsremains deep water wave-current interactions, both following applas-
largely negative at all current speeds. ing shear currents generally reduge
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