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Summary:

This document describes how AquaSim models the combined effects of waves and current, focusing on how
current modifies the wave propagation through Doppler shifting and wave action conservation.

When waves travel with the current, they become longer with decreased amplitude. When waves travel against
the current, the waves become shorter with increased amplitude. AquaSim interprets the input wave period as
valid for an observer moving with the current. Meaning, if the period relative to an earth fixed point is to remain
constant, the input period must be adjusted depending on current direction and velocity.

A case study from (Faltinsen et. al.,, 2025) is reproduced with AquaSim analyses. The AquaSim results are
compared with the test results. The results show how AquaSim captures the main physical effects correctly
when Doppler corrections are applied.
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1 Introduction

Ocean waves are significantly influenced by currents, which alter their propagation
characteristics, including wavelength and wave height. This document explains how ocean
current affects a wave field, focusing on the key observation that waves traveling in the same
direction as the current become longer with decreased amplitude, while waves traveling in the
opposite direction become shorter with increased amplitude. These effects arise primarily
from the Doppler effect and changes in wave steepness, with implications for oceanography,
marine engineering, and navigation, e.g. see (Kundu et. al., 2008), (Phillips, 1977) and
(Peregrine, 1976).

AquaSim assumes that the waves ride on top of a current field. This means that the wave
period given as input will be valid for an observer moving with the same velocity as the
waves. For an observer standing still the wave period given as input to AquaSim will have a
doppler effect where the observed period will differ from the wave period.

The interaction between a current and a wave field modifies the wave’s propagation through
two primary mechanisms: the Doppler effect, which alters the observed frequency and
wavelength, and the conservation of wave action, which influences wave height. These effects
are particularly pronounced for deep-water gravity waves, and this document only considers
infinite depth.




TN-FOU-101830-5 & aquastructures
Page 5 of 17

Author: AJB | Verified: ISH | Revision: 1 Published: 17.10.2025

2 Theoretical background

When a wave propagates in a medium with a current of velocity U, from an earth fixed
observation point, the observed (encounter) angular frequency we differs from the intrinsic
frequency wg. For deep-water waves, the Doppler-shifted encounter frequency is
approximated as:

where:

- W, = 2% Encounter angular frequency (rad/s) (Earth fixed).

Wy = 2?11 Intrinsic angular frequency (rad/s) (Following current).

— U: Current velocity (m/s), positive if in the same direction as wave propagation,
negative if opposing.

2
The wave number k = % and the wavelength is 4 = 27” The phase speed of deep-water

waves is ¢ = % = \/% , but in the presence of a current, the effective phase speed becomes

ct+U.

2.1 Influence of current on Wave Height and Wave Period

The wave height is influenced by the conservation of wave action (or wave energy flux),
which states that the wave action is conserved along the wave path. The wave action is
proportional to the wave energy density (wave energy divided by the intrinsic wavelength)
and the group velocity. In the presence of a current, the wave energy density E « a? (where a
is the wave amplitude) and the group velocity ¢4, are modified. When a wave meets a current

field, the earth fixed wave period we, remains the same, meaning that:
For waves traveling with the current (U > 0):

— The wavelength increases as shown in Section 2.2.
— Conservation of wave action leads to a decrease in wave amplitude a, resulting in lower
wave height.

For waves opposing the current (U < 0):

— The wavelength decreases, increasing the wave steepness as shown in Section 2.3.
— Conservation of wave action increases the wave amplitude, resulting in higher wave
height. See Section 2.4.

This effect can lead to wave breaking in strong opposing currents, as the increased steepness
makes waves unstable.

For a real-life case, current mixed with waves can introduce more complex effects as
highlighted in e.g. (Faltinsen et. al., 2025).
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2.2 Waves in the Same Direction as the Current

If the current is in the same direction as the wave (U > 0), the encounter frequency we
increases:

w3U

W, = Wqo + > Wy

This corresponds to a shorter encounter period T, = i—n < T. The effective phase speed
e

increases to ¢ + U, leading to a longer wavelength:

1 = c+U
e
Since f, = % is higher and ¢ + U > c, the wavelength /e is longer than the intrinsic

wavelength. This is illustrated in Figure 1.
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Figure 1 Illustration of waves and current in the same direction

2.3 Waves and Current in Opposite Directions

If the current opposes the wave (U < 0), the encounter frequency decreases:

wg|U|
We = W — 7 < wy

This results in a longer encounter period (7. > 7). The effective phase speed is reduced to ¢ —
|U |, leading to a shorter wavelength:

c—|U|
Ao = 7
e

Since f. is lower and ¢ —|U | < ¢, the wavelength /e is shorter than the intrinsic wavelength.
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Figure 2 Illustration of waves and current in the opposite direction




TN-FOU-101830-5 & aquastructures
Page 7 of 17

Author: AJB | Verified: ISH | Revision: 1 Published: 17.10.2025

2.4 Wave Energy Flux of a Propagating Deep-Water
Gravity Wave

In hydrodynamics, the wave energy flux (also known as wave action or wave power per unit
crest width) for a propagating water wave in infinite depth (deep water, where the water depth
is much greater than the wavelength) describes the rate at which wave energy is transported
horizontally. For linear gravity waves, this is derived from the wave's energy density and its
group velocity. Below, we will explain the key concepts and derive the expression step by
step, assuming a monochromatic sinusoidal wave in the linear approximation (small
amplitude compared to wavelength).

2.4.1 Dispersion Relation and Group Velocity for Deep-Water Gravity
Waves

The starting point is the dispersion relation, which relates the angular frequency w to the
wavenumber k = 2 /A (where A is the wavelength):

w? = gk

Here, g is the gravitational acceleration. This holds for infinite depth, where bottom effects
are negligible.

The phase velocity ¢ (speed of the wave crests) is:
_w \P _ 9
cC=—= _—— —
k k o
The group velocity ¢, (speed at which energy propagates) is the derivative:

dw _1[g ¢ g

““Tak 2Nk 2 20
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2.4.2  Wave Energy Density

The total average wave energy density E (energy per unit horizontal surface area) for a linear
gravity wave is the sum of kinetic and potential energy. For a sinusoidal surface displacement
n(x,t) = a cos (kx — wt), where a is the amplitude, the average potential energy per unit

area is i pga?, and the kinetic energy is equal to this (by the virial theorem for irrotational

flow). Thus, the total energy (kinetic + potential) is given by:
1

E = -pga?
>P9
Here p is the water density.

(Note: Sometimes this is expressed in terms of wave height H = 2a, giving E = % pgH?, but

we will use amplitude a here.)

2.4.3  Deriving the Wave Energy Flux

The wave energy flux | (power per unit width perpendicular to the direction of propagation) is
the product of the wave energy density and the group velocity, as the group velocity governs
energy transport:

_E _1 2 C_l 2
] = cg—(nga) (2)—4pgac

Substituting ¢ = g/w:

j=Lpgar 8 2T
4'0‘9 ) 4w
Alternatively, in terms of cg:
1 2
/= PR
Or using wave height H = 2a:
1 5 1 5
] =1gpPgtc =3pgtc
Or in terms of wave period T
_ pg*H?T
- 32m

Equation 1
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This is the time-averaged energy flux for a propagating wave. It can also be derived more
rigorously by integrating the product of dynamic pressure and horizontal velocity over depth,
but the wave energy density times group velocity approach is standard in linear wave theory.

For context, this assumes inviscid, irrotational flow and neglects nonlinear effects, which are
valid for small-amplitude waves. In real water waves, additional factors like wind input or
dissipation may apply, but the question focuses on the basic propagating case.

As seen from Equation 1 the wave energy flux is proportional to the wave period meaning
that if the wave period increases, the wave amplitude must decrease to keep the wave energy
flux constant.

3 Implementation to AquaSim

AquaSim assumes that the wave period given as input is a wave period for an observer
following the current velocity, this means that when waves and current rides in the same
direction and the period of encounter is kept constant, then the period given to AquaSim
should be increased appropriately. As an example, Figure 3 leads to the same period of
encounter (4.2s) which is the period that will remain constant for a wave entering a current
field.

Nr Amp[m) T[s] V[deq] cX[m/s] cY[m/s] wX[m/s] wY[m/s]

1 0.4 4.2 0.0 0 0 0 0
2 0.4 4.75 0.0 1 0 o o
‘ 3 ‘ 0.4‘ 4.9 ‘ 0.0 ‘ 1.3 ‘ 0 ‘ 0 0

Figure 3 Periods in analysis giving the same (4.2s) period of encounter

Note that this document expresses no change in how this is to be introduced to AquaSim.
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4 Case study

A recent paper by (Faltinsen et. al., 2025) illustrates this effect and presents analysis results
and model test tank results for a case seen in Figure 4.

Figure 4 Pontoon: two semicircular cylindrical ends with a rectangular box in between. Full-scale length (L), breadth
(B) and draft (D) are 53m, 14.9m and 5m, respectively, (Faltinsen et. al., 2025)

The model tank test is shown in Figure 5.

Figure 5 Tank test arrangement
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41 Results from Faltinsen et. al. (2025)

Figure 6 shows RAO of the linear horizontal wave force Fx (in local x-direction) on the
pontoon versus the wave period in full-scale conditions, with coinciding head sea wave and
current directions.

2000
== Fx_single_body_U=0_BEM (kN/m)
== Fx_single_body_U=0_HPM (kN/m)
1750 1 O Fx_single_body_U=0_Test (kN/m)
—— Fx_single_body_U=1.0_HPM (kN/m)
O Fx_single_body_U=1.0_Test (kN/m)
1500 1 —— Fx_single_body U=1.3_HPM (kN/m)
O Fx_single_body _U=1.3 Test (kN/m)
1250 4
£
Z 1000 1
"
[
750 4
500 A
250 1
0 T T T T T
2 3 4 5 6 7 8
T (s)

Figure 6 RAO of the linear longitudinal wave force Fx on the pontoon versus the wave period in full-scale conditions.
Coinciding head sea wave and current directions. Numerical and experimental results for different full-scaled current
velocities U in m/s, (Faltinsen et. al., 2025)

Figure 7 shows RAO of the linear vertical wave force Fz on the pontoon versus the wave
period in full-scale conditions, with coinciding head sea wave and current directions.
3000

Fz_single_body_U=0_BEM (kN/m)
Fz_single_body_U=0_HPM (kN/m)

O Fz_single_body U=0_Test (kN/m)
2500 1 — Fz single_body U=1.0_HPM (kN/m)
O Fz_single_body_U=1.0_Test (kN/m)
—— Fz_single_body_U=1.3_HPM (kN/m) R
O Fz_single_body_U=1.3_Test (kN/m) ’
2000 -Singlebody m= 2 ‘

1500 A

Fz (kKN/m)

1000 A

500 A

Figure 7 RAO of the linear vertical wave force Fz on the pontoon versus the wave period in full-scale conditions.
Coinciding head sea wave and current directions. Numerical and experimental results for different full-scaled current
velocities U in m/s, (Faltinsen et. al., 2025)
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4.2 AquaSim model and analysis

An AquaSim analysis model has been established as shown in Figure 8 and Figure 9.

Position > X [m]
45.549999 %

aquasim

34.949999

Figure 8 Analysis model AquaSim

Input data > Element no
3361.000000 %
aquasim

3088.800000

Figure 9 Elements in analysis model approximately 1100 panel elements and 2000 beam elements for force distribution
Results have been extracted from AquaSim analysis in two ways:

— Results from AquaSim have been extracted from by linearized forces found in the
#hydro.txt file in the output from AquaSim, meaning as linear RAO coefficients.

— Results taken out by modeling the full floater including such that results include
nonlinear effects and drag according to coefficients.




TN-FOU-101830-5 % aquastructures
Page 13 of 17

Author: AJB | Verified: ISH | Revision: 1 Published: 17.10.2025

4.2.1 Results in terms of RAO coefficients

Figure 10 shows horizontal forces in [kN], calculated by AquaSim as a function of wave
period in [s].

Horizontal forces [KN]

1250
1000
750
500

250

2 3 4 5 6 7 8

—_—U=0m/s =—U=1m/s =—U=1.3m/s

Figure 10 Horizontal forces from AquaSim analysis assuming doppler shift to obtain correct period

By comparing results in Figure 10 with Figure 6, it is seen that results seem reasonable by
introducing the appropriate phase shift.

Figure 11 shows results for vertical forces in [kN], calculated by AquaSim as a function of
wave period in [s]. By comparing these results with Figure 7 it seems to capture the effect of
current appropriately.

Vertical forces [kN]
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Figure 11 Vertical forces from AquaSim analysis assuming doppler shift to obtain correct period
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4.2.2  Results by full analysis

The analysis model has been established to include stiff beams connecting to the vessels
center point and then 3 trusses have been introduced to fixed points to capture integrated
forces in all directions as shown in Figure 12.

(J1 ship-beam
@ 2 Fastener-beam
@ 3 Floater-panels

Figure 12 Capturing of forces in analysis model

Drag parameters (acting on the incident flow only) are as shown in Figure 13.

= Drag
Drag coefficdent upstream 0.4
Drag coefficient downstream 0.2
Skin friction coefficent 0.0
Lift coefficient 0.0

Figure 13 Drag parameters for model in AquaEdit

Analysis was carried out with a wave amplitude of 1 m. Figure 14 - Figure 16 shows results
for a case with To = 4.20s, 4.75s and 4.90s, and current velocities of 0.0m/s, 1.0m/s and
1.3m/s respectively, meaning that 7. is approximately 4.20s for all cases. Results for
horizontal forces are shown in Figure 14, Figure 15 and Figure 16.
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ight™ Top
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MIN MAX
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45575243

20805917

535020.62

Figure 14 To = 4.20s, no current

1117372.20 | I
MIN MAX
I Local section forces > Axial force [N]
1117372.20
733561.54

-801681.12

Figure 15 To = 4.75s, current velocity 1.0m/s

Front Left  Right 10p" Bottom

.157312.50 l
MIN MAX
I Local section forces > Axial force [N]
115731250
762288.66
367264.82

817806.69

Figure 16 To = 4.90s, current velocity 1.3m/s
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aquasim

aquasim
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Results presented in these figures (Figure 14 - Figure 16) correspond well with the test results

in Figure 6.
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The next figures present the vertical forces for a case where 7% is 6.0s.
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Figure 18 To = 6.60s, current velocity 1.0m/s.
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Figure 19 To = 6.75s, current velocity 1.3m/s
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5 Conclusion

This document describes how AquaSim models the combined effects of waves and current,
focusing on how current modifies the wave propagation through Doppler shifting and wave
action conservation.

When waves travel with the current, they become longer with decreased amplitude. When
waves travel against the current, the waves become shorter with increased amplitude.
AquaSim interprets the input wave period as valid for an observer moving with the current.
Meaning, if the period of encounter is to remain constant, the input period must be adjusted
depending on current direction and velocity.

A case study from (Faltinsen et. al., 2025) is reproduced with AquaSim analyses. The
AquaSim results are compared with the test results. The results show how AquaSim captures
the main physical effects correctly when Doppler corrections are applied.
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