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ABSTRACT
Interaction of uniform and shear currents with nonlinear

waves is studied by use of the computational fluid dynamics ap-
proach. A range of nonlinear waves are considered including
shallow- and deep-water waves, and the effect of currents ofvari-
able speed and direction on the wave height is investigated.Uni-
form current consists of a fixed horizontal velocity across the wa-
ter depth, while shear current imposes a linearly varying veloc-
ity from the seafloor to the still-water level. The current speeds
are selected such that they remain comparable with the horizon-
tal particle velocity under the wave crest and wave trough. A
computational wave-current tank is developed for this purpose
and the combined wave-current condition is obtained by devel-
oping a new wave-current maker in an open-source computa-
tional fluid dynamics package, namely OpenFOAM. The model
is tested against laboratory measurements of various typesof
wave and currents and very good agreement is observed. The
model is then used to investigate how currents of different pro-
file, speed and direction modify the wave field. While the focus of
the study is on the effect of these currents on the change of wave
height, the surface elevation of the waves is also assessed in some
cases. Discussion is provided on the differences between current
effect on the wave height of shallow-water waves vs deep-water
waves. The wave nonlinearity is found to play a remarkable role

∗Address all correspondence to this author.

on how the wave changes under the ambient current. Shear cur-
rents are observed to have a stronger influence on the change of
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 height,H, is of
interest, as this modifies the loads imparted by the wave-current
system onto coastal and offshore structures. Different current
profiles are observed at various geographic locations [1–5], and
this affects the resulting wave-current interaction. The movement
of sediment on the seabed, the evolution of coastal morphology
as well as the movement of the pollutants are affected by the
presence of ambient currents, see [6,7]. Study conducted byLiau
et al. [8] found that the wave refraction and diffraction from an
uneven seafloor is influenced by wave-current interaction. The
presence of currents introduces significant drag forces andmod-
ifies the total load generated by the wave-current field, see [9].
Toffoli et al. [10] reported that the presence of an opposingcur-
rent (i.e., wave and current propagating in opposite directions to
each other) can lead to instability and breaking of wave packets.
Hence, a study of wave-current interaction is imperative toocean
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engineering applications.
The change of wave height has been investigated experi-

mentally in several studies. Typically, currents that (i) have a
fixed horizontal velocity across the water depth,h, or (ii) have a
varying velocity from the seafloor to the still-water level (SWL)
are chosen. Experiments conducted by Brevik & Bjørn [11] and
Brevik [12] investigating the interaction of waves with following
(currents propagating in the same direction as the waves) and op-
posing currents indicate that, in case of following current, wave
height decreases, whereas, in case of opposing current, wave
height increases. The studies considered rippled and smooth
seabeds but were confined to deep water conditions. Wave height
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 of wave
height was observed in a follow-up experimental investigation
conducted by Thomas [14], where nonlinear waves were consid-
ered. These studies, too, were limited to deep water conditions.
The effect of following and opposing currents with a mixed pro-
file (i.e., maintaining a uniform profile up to a certain depthand
then changing linearly with water depth) on nonlinear deep wa-
ter waves was investigated experimentally by Swan et al. [15].
It was observed that wave height decreases with following cur-
rent and increases with opposing current. The interaction be-
tween waves and a uniform current was assessed experimentally
by Umeyama [16] focusing on particle velocities and trajectories.
They concluded that the wave height in case of following current
was 13% to 17% smaller than the wave-only condition. Several
other studies have experimentally investigated the interaction be-
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 wavesin shal-
low water was conducted by Chen et al. [21]. The numerical
wave tank was set up using Boussinesq-type equations for the
fully coupled wave-current interactions. The first order wave
height was observed to decrease with following currents andin-
crease with opposing currents and the study was limited to one
current profile. Numerical investigation of the interaction be-
tween a linear shear current and a strongly nonlinear solitary
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–Stokes
(RANS) equations was used by Zhang et al. [23], to investigate
the interaction of a solitary wave with following and opposing
uniform currents. Following current was found to decrease the
wave height while opposing current increased it. The effectof a
linear shear current on solitary waves in shallow water was nu-
merically studied by Guyenne [24], using a two-dimensionaldi-
rect numerical simulation method and the wave height was found
to be larger in case of opposing currents and smaller in case
of following currents. Other numerical investigations of wave-

current interactions include [25–30].
A numerical investigation conducted by solving the Navier-

Stokes (NS) equations for the case of regular waves in shallow
water (generated using Cnoidal wave theory) interacting with fol-
lowing and opposing currents of different profiles was conducted
by Kumar & Hayatdavoodi [31]. Several waves were considered
and it was observed that in case of following currents, the wave
height increased and in case of opposing current, the wave height
reduced. This was observed to be a peculiar behaviour in change
of wave height and merited further investigation. From the as-
sessment of the literature, it was also observed that a studyof
the interaction between regular waves in shallow water and dif-
ferent current profiles was missing. Hence, the goal of this study
is to further investigate the interaction of regular waves in shal-
low and deep waters with currents of different profiles and assess
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 equations
are discussed first. Then, a description of the numerical wave-
current tank, the mesh setup and the layout of the numerical sen-
sors is provided. This is followed by a discussion about the dif-
ferent waves and current profiles chosen for the study. Then,the
results of the numerical wave-current tank are compared with ex-
perimental studies, and the results of the wave-current study on
change of wave height along with the major inferences are dis-
cussed. Lastly, some concluding remarks about the results are
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 gravityis
chosen. The waves propagate along the positivex−direction and
the origin of the coordinate system is fixed at the SWL. The fluid
is incompressible, Newtonian and homogeneous substance atthe
scale of observation. It is assumed that the effect of turbulence in
case of wave-current interaction over a flat seafloor is negligible,
see e.g., [30, 32, 33] for numerical studies that use laminarflow
assumption in case of wave-current interaction. The fluid pres-
sure and velocity are considered differentiable in space and time.
The flow is governed by the mass and momentum conservation
equations,

−→
∇ .

−→
V = 0, (1)

∂−→V
∂ t

+∇−→
V .

−→
V =− 1

ρ
∇p+ν

−→
∇ 2−→V −−→g , (2)
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where
−→
V = ux

−→
i + uz

−→
k is the velocity vector,

−→
i and

−→
k are

the unit normal vectors inx− andz− directions, respectively,t
is time, ρ is the density of the fluid,p is the pressure,ν is the
kinematic viscosity and−→g represents the body force vector due
to gravity. The gradient function is represented by∇, while the

divergence and Laplacian vectors are represented by
−→
∇ and

−→
∇ 2,

respectively. Equations (1) and (2) are solved simultaneously for
both air (on top) and water phases. The free surface between air
and water is captured using the Volume of Fluid method, see [34].
The equations are only solved in thex− andz− directions in this
two-dimensional study.

The pressure-velocity coupling problem is iteratively solved
using the PIMPLE algorithm, see [35]. The governing equations
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 Vries
(KdV) equation, the surface elevation,η , is obtained as

η = ηmin+Hcn2(θ ,m), (3)

where,ηmin is the distance between the wave trough and the SWL
andcnrepresents the Jacobian elliptic function of variablesθ and
m (0≤ m< 1) ( [36]). ηmin is defined as

ηmin =

(

1
m

(

1− E
K

)

−1

)

H, (4)

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

θ = 2K
( t

T
− x

λ

)

. (5)

The horizontal particle velocity according to the Cnoidal wave
theory is given as

ux(w) = c

[

η
h
−
(η

h

)2
+

1
2

(

1
3
−
(

z+h
h

)2
)

hηxx

]

, (6)

where,c is the phase velocity,z is the vertical coordinate that
varies from 0 to−h andηxx is obtained by differentiation of Eq.
(3).

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

ux(w) =
(ω

k
−u
)

+
n

∑
j=1

jB j
coshjk(z+h)

coshjkh
cosj(kx−ωt +φ),

(7)
where,ω is the wave frequency given as 2π/T, k is the wave
number,u is the mean fluid speed,B j are dimensionless con-
stants,z is the vertical coordinate,x is the horizontal coordinate
andφ is the wave phase angle.

Hereafter, acceleration due to gravity (g), density of water
(ρ) and the water depth (h), are employed as the dimension-
ally independent set used to nondimensionalize all parameters.
Therefore,H = H/h, η = η/h, T = T/

√

h/g, ux = ux/
√

ghand
λ = λ/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 velocityat the
wave-current maker is obtained by the linear superpositionof
the wave and the current velocities. Hence, the wave-current
horizontal particle velocity,ux(wc), for the combined current and
wave, at the wave-maker, is given by

ux(wc) = ux(w)+uc, (8)

where,ux(w) is the horizontal particle velocity due to the wave
given in Eqs. (6) and (7), whileuc 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 particle veloci-
ties, pressure field and free surface elevation are enforcedaccord-
ing to the theoretical wave-current setup, (ii) the computational
region where the NS equations are solved iteratively, and (iii)
the region where the wave-current system is allowed to dissipate
gradually, namely the wave-current absorption zone. The wave-
current generation and absorption zones (regions (i) and (iii)),
are also known as the inlet and outlet relaxation zones respec-
tively. The relaxation zones proposed by [39] for waves have
been modified to incorporate the current. The outlet relaxation
zone minimises the computational cost by restricting the length
of the numerical domain. The current profile linearly superposed
at the wave generation zone is replicated at the boundary of the
outlet relaxation zone in order to conserve mass in the domain.
The fluid velocity at the flat, stationary tank bottom is set to0,
i.e. a no-slip boundary condition is used on this boundary. The
change in mass of water in the tank over time has been continu-
ously monitored for all computational investigations carried out
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in this study. It is observed that the change in mass of water in
the tank is always less than 0.7%.

3 NUMERICAL TANK SETUP
The setup of the numerical wave-current tank and its compu-

tational mesh are discussed in this section. A structured, hexahe-
dral mesh is used for the spatial discretization of the numerical
domain. Mesh refinement is defined on the basis of the wave-
length, λ , 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, where
increasing number of cells per wavelength and wave height are
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 coefficients of
strongly nonlinear waves. The variation of the reflection coeffi-
cient with time is studied and it is found that the reflection from
the outlet relaxation zone remains below 2%.

A numerical domain with a wave-current generation zone of
lengthλ and a wave-current absorption zone of length 0.75λ re-
sults in a stable and efficient wave-current tank, with negligible
reflection from the open boundary, as noted in Kumar & Hayat-
davoodi [42]. This is in agreement with the previous investiga-
tions of Hayatdavoodi et al. [43] on the optimum computational
domain length for nonlinear waves. The total length of the nu-
merical wave tank is 7λ , ensuring that at least five waves are
entirely outside the relaxation zones for the investigations at all
times. The schematic of the numerical wave tank along with the
location of the wave gauges is shown in Fig. 1. Surface elevation
is recorded by Gauges GI and GII, placed at distancesλ and 2λ
from the inlet relaxation zone, respectively.

4 WAVE-CURRENT CONDITIONS
The waves and currents chosen in this study are discussed

in this section. This study considers two nonlinear waves propa-
gating in, (i) shallow and (ii) deep water in the presence of am-
bient currents. The water depth is fixed at 0.15 m (except for
cases used in comparisons) and the wave parameters are altered
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 (with steep-
ness = 0.008,h/gT2 = 0.001 andH/gT2 = 0.0003) and wave
W2 is the deep water wave generated by the use of Stream func-
tion wave theory (with steepness = 0.0216,h/gT2 = 0.1112 and
H/gT2 = 0.004).

Two current profiles are considered in this study, namely a
uniform current profile and a shear current profile. The horizon-
tal particle velocity due to the current,uc, is a function of the
vertical coordinate, and it is defined asuc(z) = (z+1)usc, for the
shear current, while it is fixed atuc(z) = uuc, for the uniform cur-
rent. Here,usc is the current velocity at the free surface, in case
of shear current anduuc is the current velocity at the free sur-
face, in case of uniform current. The current velocities arecho-
sen such that they remain comparable with the horizontal particle
velocities due to the waves of this study. This is observed inFig.
2, which shows the horizontal particle velocity profile under the
wave crest for both waves of the study along with the currents
chosen in these investigations. These horizontal particleveloci-
ties are only imposed at the inlet and outlet relaxation zones. In
total, 18 current configurations are considered in this study by
changing the current profile, magnitude and direction relative to
the direction of wave propagation and Table 1 provides details of
the selected current profiles. Here, a following current is repre-
sented by a positive current velocity and an opposing current is
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 two wave-
only computations, this results in a total of 38 wave- & wave-
current computations. The results of these wave-current inter-
action cases are then used to investigate the variation of surface
elevation and the change of wave height with increasing current
velocities and changing current direction.

5 RESULTS AND DISCUSSION
The results of the numerical wave-current tank are discussed

in this section. First, results of the NS model are compared with
existing laboratory experiments and other computational stud-
ies. Then, the wave-current interaction computations are carried
out and the changes in surface elevation and the change of wave
height are investigated.

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

wave-current field and the results are compared with the labo-
ratory measurements and numerical assessments performed by
Chen et al. [44]. They also used the higher-order boundary ele-
ment method (HOBEM) based on potential flow theory to solve
the computations. In these experiments, a wave withH = 0.083
and T = 4.044 propagates over a uniform current withuuc =
0.0824 in a tank withh = 0.6 m. Time series of surface elevation
of the wave-current field, recorded by a gauge located at distance
λ from the inlet relaxation zone (GI), is shown in Fig. 3. Results
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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FIGURE 1. SCHEMATIC OF THE NUMERICAL WAVE-CURRENT TANK ALONG WITH THE WAVE GAUGES.

TABLE 1. WAVE-CURRENT CONDITIONS CONSIDERED IN THIS STUDY.

Wave Wave height Wave period Current type Current velocity at the free surface

W1 0.2 24.99

Uniform

±0.0022

±0.035

±0.0701

±0.105

±0.14

±0.175

Shear

±0.035

±0.0701

±0.105

W2 0.036 2.99

Uniform

±0.0022

±0.035

±0.0701

±0.105

±0.14

±0.175

Shear

±0.035

±0.0701

±0.105

sidered here, are presented and discussed in the following sub-
sections. First, surface elevation is analysed as the wavesinteract
with different currents. This is followed by the study of change
of wave height. Each sub-section is further categorized based on
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 section. Figure 4
depicts the time series of surface elevation recorded at Gauges
GI and GII in the absence of current along with the analytical
solution for surface elevation obtained using the Cnoidal wave
theory, Eq. (3), and the analytical solution for surface elevation
obtained using Stokes Second wave theory (valid for the selected
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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 uuc = 0.0824.

wave and an alternative to the Stream Function wave theory used
in the computations). It is observed that the waves generated in
the tank are in good agreement with the respective analytical so-
lutions. This is followed by introduction of currents into the do-
main and the surface elevation is studied in their presence.The
change in surface elevation is investigated by defining the change
of the peak of surface elevation,η ′ = [(ηwc− ηw)/ηw]× 100,
whereηwc is the peak of surface elevation in the presence of the
current andηw is the peak of surface elevation from the wave-
only case. Therefore,η ′ represents the percentage change of
peak of surface elevation due to the presence of currents. Inor-
der to obtain the peak of surface elevation at a given gauge, all
waves in the time series of surface elevation (excluding theramp
wave) are observed, the highest and lowest peaks are discarded
and the mean of the remaining peaks in the signal is used for the
assessment.

0

0.1

0.2

0 0.5 1 1.5 2
-0.02

0

0.02

FIGURE 4. TIME SERIES OF SURFACE ELEVATION
RECORDED AT GAUGES GI & GII 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 cur-
rents is shown in Fig. 5. It is observed that in case of deep water
wave-current interaction, a following current decreasesη ′ and an
opposing current increases it. Opposing current has a stronger ef-
fect on the change in peak of surface elevation (up to 20%) than
following current (up to 8%). In case of shallow water wave-
current interaction, it is found that following current increases
the peak of surface elevation, while an opposing current reduces
the same.η ′ 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 increasesη ′ while oppos-
ing current decreases the same. Shear currents have a stronger
influence onη ′ (up to±11%) when compared with uniform cur-
rents (up to±6%). In case of deep water wave-current interac-
tion, it is observed that following current reducesη ′, however,
as the shear current velocity increases,η ′ also increases. Op-
posing shear currents increase peak of surface elevation, with the
strongest shear current increasingη ′ by 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) at a
given time. The change of wave height is then assessed statis-
tically by measuring the peak-to-peak variation of wave height.
Similar to the approach adopted in case of surface elevation, the
maximum and minimum values of wave height are rejected and
an arithmetic mean of the remaining wave height data is consid-
ered to obtain a statistically sound data set.

The second method assesses the change of wave height by

6 Copyright c© 2023 by ASME



0 0.05 0.1 0.15 0.20 0.05 0.1 0.15 0.2
-15

-10

-5

0

5

10

15

20

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 elevation recorded
within the domain (outside the relaxation zones) at a given time,
using the Fourier series as:

η(x, t0) =
n

∑
i=1

Aicos(kix+ δi), (9)

where the surface elevation,η , is presented as a function of the
x−coordinate at a given time,t0, see e.g., [45]. Here,Ai are
the amplitudes of the first (i = 1) and higher (i > 1) harmonics,
while ki andδi represent the spatial frequency and phase angle,
respectively. In this approach of wave height assessment, only
the amplitudes corresponding to the first and second harmonics
(i = 1 and i = 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, the
Fourier transform of the snapshots of wave W1 and W2 interact-
ing with following and opposing uniform currents of magnitude,
uuc = 0.035, is presented. It is observed that the shallow water
wave is highly nonlinear as the amplitude of the first and second

0 0.5 1 1.5 2
0

0.05

0.1

0 5 10 15 20
0.000

0.001

0.002

FIGURE 7. FOURIER TRANSFORM OF THE SURFACE ELEVA-
TION OF WAVES (a) W1 AND (b) W2 IN THE DOMAIN AT t = 10T,
AS THEY INTERACT WITH FOLLOWING AND OPPOSING UNI-
FORM CURRENTS,uuc =±0.035.

harmonics are significant. However in case of deep water wave,
only the amplitude of the first harmonic is significant. Therefore
in case of deep water wave, discussion hereafter is limited to the
first harmonic components, while both first and second harmonic
components are assessed while investigating the shallow water
wave.

In the first method, the changes in wave height are defined
usingH ′ = [(Hwc−Hw)/Hw]×100, whereHwc is the height of
the wave under the influence of current andHw is the height of
the wave in the absence of current. Hence, this parameter repre-
sents the percentage change in wave height due to the presence
of currents. This technique is also utilised to study the change
of the peak of surface elevation in the previous section, seeSec.
5.2. Under the second method, the changes in wave height are
defined usingH ′

i = [(Hi(wc) −Hi(w))/Hi(w)]× 100, whereHi(wc)
is the wave height of theith harmonics of the wave in the pres-
ence of current andHi(w) is the wave height of theith 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 increas-
ing magnitudes is shown in Fig. 8. The behaviour ofH ′ as the
shallow water wave interacts with uniform currents is quitepecu-
liar, as observed in Fig. 8(a). It is found that following currents
consistently increase the wave height of the shallow water wave
and opposing currents reduce the same. Stronger currents have
a more significant impact of the change of wave height. It is in-
ferred that the nature of the incident wave plays a decisive role in
shaping the outcome of change of wave height as waves interact
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 increases
the wave height. This is in agreement with the trend observedin

7 Copyright c© 2023 by ASME



0 0.05 0.1 0.15 0.20 0.05 0.1 0.15 0.2
-10

-5

0

5

10

15

FIGURE 8. CHANGE OF WAVE HEIGHT AS WAVES IN (a)
SHALLOW WATER AND (b) DEEP WATER, INTERACT WITH
FOLLOWING AND OPPOSING UNIFORM CURRENTS.
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FIGURE 9. CHANGE OF WAVE HEIGHT OF THE (a) FIRST AND
(b) SECOND HARMONIC OF THE SHALLOW WATER WAVE,
AND (c) FIRST HARMONIC OF THE DEEP WATER WAVE, AS
THEY INTERACT WITH FOLLOWING AND OPPOSING UNI-
FORM CURRENTS.

literature. The change inH ′ also increases with the current ve-
locity. In case of wave interaction with opposing current indeep
water conditions, it is observed that the wave is unable to propa-
gate through the domain for current velocities larger than 0.105.
Hence, there are only four data points available for discussion
when wave W2 interacts with uniform opposing currents, as ob-
served in Fig. 8(b).

The results of wave height assessment conducted with the
second method are shown in Fig. 9. Figures 9(a) & 9(b) indicate
that the effect of currents on the nonlinear components of the
incident waves is significant.H ′

2 is observed to behave quite dif-
ferently fromH ′

1 in these figures. The effect of current direction
on the change of wave height of the first harmonic appears to be
insignificant. For the deep water wave-current interaction, it is
observed that in case of opposing currents,H ′

1 initially increases
and then decreases. In case of following currents,H ′

1 remains
largely negative at all current speeds.
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FIGURE 10. CHANGE OF WAVE HEIGHT AS WAVES IN (a)
SHALLOW WATER AND (b) DEEP WATER, INTERACT WITH
FOLLOWING AND OPPOSING SHEAR CURRENTS.

5.3.2 Shear Current The change of wave height as
shallow and deep water waves interact with following and oppos-
ing shear currents is discussed here. The change of wave height
as both waves interact with following and opposing shear cur-
rents of increasing magnitudes is shown in Fig. 10. In Fig. 10(a)
it is observed that in case of shallow water wave-current interac-
tion, following current increases the wave height while opposing
current reduces it. Shear currents are also observed to be nearly
twice as influential onH ′ when compared with uniform currents
with the same free surface velocity. Further, it is seen thatfol-
lowing shear current has a stronger effect onH ′ than opposing
shear current. In case of deep water wave-current interaction,
following shear currents are observed to reduceH ′, while oppos-
ing shear currents increase it. Following shear currents weakly
influence the change of wave height in deep water waves, when
compared with uniform currents. Opposing shear currents have
stronger influence onH ′, when compared to following shear cur-
rents, but they are still weaker than opposing uniform currents
in deep water. This indicates that shear currents have a greater
influence on the wave height than uniform currents in case of
shallow water waves, whereas the effect of uniform currentsis
more significant in deep water waves.

The assessment of wave height is carried out using the
Fourier analysis method and its results are shown in Fig. 11.Fig-
ures 11(a) & 11(b) indicate that the nonlinear components ofthe
incident waves are significantly influenced by the shear currents.
In case of shallow water wave-current interaction,H ′

1 increases
with following shear current by 20%.H ′

1 initially decreases with
opposing current (-20%), but increases with stronger shearcur-
rents.H ′

2 is not influenced by the direction of shear currents, as
both following and opposing currents increaseH ′

2. In case of
deep water wave-current interactions, both following and oppos-
ing shear currents generally reduceH ′

1.
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FIGURE 11. CHANGE OF WAVE HEIGHT OF THE (a) FIRST
AND (b) SECOND HARMONIC OF THE SHALLOW WATER
WAVE, AND (c) FIRST HARMONIC OF THE DEEP WATER
WAVE, AS THEY INTERACT WITH FOLLOWING AND OPPOS-
ING SHEAR CURRENTS.

6 CONCLUSION
The effect of uniform and shear currents on nonlinear waves

is studied by use of a numerical wave-current tank. Waves prop-
agating in both, shallow water and deep water are considered, as
they interact with following and opposing currents of different
magnitudes.

It is observed that in case of deep water wave-current in-
teractions, a uniform following current reduces the wave height,
while a uniform opposing current increases the same. An op-
posing current is found to have a more significant effect on the
change of wave height. In case of shallow water wave-current
interaction, however, it is found that a uniform following cur-
rent increases the wave height, while a uniform opposing current
reduces it. The change of wave height is observed to be larger
when waves interact with currents of higher velocities. A similar
response is also observed from the change of peak of surface ele-
vation. Current velocities and direction do not strongly influence
the first harmonic of the incident waves.

In shallow waters, following shear currents increase the
wave height while opposing shear currents decrease it and the
reverse is observed in deep waters. It is also seen that shearcur-
rents have a stronger influence onH ′ in shallow waters, when
compared with uniform currents of the same free surface veloc-
ity. This indicates that the current velocity near the free surface
plays a more significant role here than the current velocity at
points further away from it. In case of deep water waves, uniform
currents have a stronger influence onH ′, than shear currents with
the same free surface velocity.

REFERENCES
[1] Jeans, G., Grant, C., and Feld, G., 2003. “Improved current

profile criteria for deep-water riser design”.Journal of Off-
shore Mechanics and Arctic Engineering,125(4), pp. 221–
224.

[2] Carollo, C., Astin, I., and Graff, J., 2005. “Vertical structure
of currents in the vicinity of the Iceland-Scotland ridge”.
Annales Geophysicae,23(6), pp. 1963–1975.

[3] Shen, C. Y., Evans, T. E., Mied, R. P., and Chubb, S. R.,
2008. “A velocity projection framework for inferring shal-
low water currents from surface tracer fields”.Continental
Shelf Research,28(7), pp. 849–864.

[4] Sheikh, R., and Brown, A., 2010. “Extreme vertical deep-
water current profiles in the South China Sea, Offshore Bor-
neo”. In International Conference on Offshore Mechan-
ics and Arctic Engineering, pp. 585–595, Shanghai, China.
06/06/2010–11/06/2010.

[5] Jeans, G., Prevosto, M., Harrington-Missin, L.,
Maisondieu, C., Herry, C., and Lima, J. A. M., 2012.
“Deep-water current profile data sources for riser engi-
neering offshore Brazil”. In International Conference on
Offshore Mechanics and Arctic Engineering, pp. 155–168,
Rio de Janeiro, Brazil. 01/07/2012–06/07/2012.

[6] Soulsby, R. L., Hamm, L., Klopman, G., Myrhaug, D., Si-
mons, R. R., and Thomas, G. P., 1993. “Wave-current in-
teraction within and outside the bottom boundary layer”.
Coastal Engineering,21(1-3), pp. 41–69.

[7] Tao, J., and Han, G., 2002. “Effects of water wave motion
on pollutant transport in shallow coastal water”.Science
in China Series E: Technological Science,45(6), pp. 593–
605.

[8] Liau, J. M., Roland, A., Hsu, T. W., Ou, S. H., and Li, Y. T.,
2011. “Wave refraction-diffraction effect in the wind wave
model WWM”. Coastal Engineering,58(5), pp. 429–443.
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