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Abstract: In Stokes” wave theory, wave numbers are corrected in the third order solution. A change
in wave number is also associated with a change in current velocity. Here, it will be argued that
the current is the reason for the wave number correction, and that wave-generated current at the
mean free surface in infinite depth equals half the Stokes drift. To demonstrate the validity of this
second-order formulation, comparisons to computational fluid dynamics (CFD) results are shown;
to indicate its effect on wave loads on structures, model tests and analyses are compared.
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1. Introduction

Within potential theory, waves do not create a current, and the widely used wave kinematics by
Stokes [1] can be applied. However, as pointed out by Longuet-Higgins [2], vortices will diffuse from
the boundaries and Stokes’ solution will no longer be valid. Here some examples from model tests
and analyses are given that may support the suggestion in [3]; that waves in infinite water depth may
create a shear current, which at the mean free surface, equals half the Stokes drift.

An apparently simple way of checking if waves create current is to look at the drift of a particle on
the free surface, but unfortunately it has been difficult to find experimental results for such tests in the
literature. The quote taken from a ResearchGate article [4] describes the lack of results: “Stokes drift
has been as central to the history of wave theory as it has been distressingly absent from experiments”.
Bremer and Breivik [5] summarized the works on Stokes drift, and explain that this test in a basin is
indeed not simple, and that a large scatter in results has been seen over the years. Recently, Grue and
Kolaas [6] did perform measurements of the drift with modern equipment, but their very steep waves
and shallow water mean that the present theory needs to be extended in order to be fit for comparison.

On this technical note, Sections 2 and 3 repeat previous results in order to explain why
wave-generated current may exist. Section 4 describes theoretical viscous loads for a cylinder
with and without a wave-generated current, and Section 5, Section 6, and Section 7 show comparisons
to model tests, where it is argued that deviations may come from missing wave-generated current.

If wave-generated current exists, it influences the wave kinematics and hence the loads on
offshore structures.

2. Theoretical Background

Third order kinematics for regular deep water waves—including the current term, are suggested
in [3], where wave crests and particle velocities are both larger than the values for classical Stokes waves.

The argument in [3], for the existence of wave-generated current, is that the equation for Stokes
third order wave number correction is identical to the linear wave-current interaction equation, if the
current velocity equals half the Stokes drift.

The current, V, was found to be a shear current:

V(z) = U+ Bz, 1
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where the current at the mean free surface, z = 0, equals

132 A2
u= , 2
o @
which equals half the Stokes drift. k denotes the wave number, w the angular frequency, A the wave

amplitude and g the acceleration of gravity. The current gradient, , can be written

k4g2A2

w3
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The extension of the current down the fluid in (1) depends on the water depth. For infinite water
depth, the minimum z-value can be set to the value where the current equals zero.

The derivation of the expression for Stokes drift can be found, for instance, in Neman'’s book [7].
For irregular undisturbed waves generated in model test basins, the time series need to be low-pass
filtered prior to establishing the wave-generated current. The cut-off frequency, w., applied in the
examples below is taken from DNVGL [8]; w. = \/m, where H; denotes significant wave height,
and g the acceleration of gravity.

3. Comparison to CFD

The results from the CFD program Comflow [9] are compared to the theory in [3], and they agree
well, both for the actual drift, and for the mean velocity in a fixed horizontal position. The position is
only fixed horizontally; vertically, it is free to move so that the point is always at the wave surface.
This may be viewed in Figure 1, which is taken from [3]. In the right figure, the horizontal velocity
is integrated with respect to time, in order to obtain similar plots. The Stokes drift increases by 50%,
and the mean velocity in a fixed horizontal point by 100%, compared to Stokes theory. The simulated
tank is 15 m x 0.1 m X 1.2 m, and an absorbing boundary is put at the outflow plane. The waves are
created as ramped linear theoretic waves, and Comflow develops them into a proper shape. Sensitivity
cases were not shown in [3], but, when creating the waves as fifth order, Stokes waves made no
difference for the drift results, and convergence tests, with respect to the number of cells, showed very
little difference.
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Figure 1. Comparisons of mean drift and velocity from Comflow (from 2015) and theories. Figure
taken from [3].

4. Viscous Wave Loads on a Cylinder

The drag part of Morison’s equation is written:

1
dFy(z) = EpCDD(ux — Uy )|ux — Uxldz, (4)
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where 1, denotes horizontal wave particle velocity, and vy denotes the horizontal velocity of the
structure. D is the structure diameter, p the density of water and Cp is the drag coefficient for the
structure. For fixed cylinders, the integrated loads will always act in the wave direction, and the effect
from the wave-generated current can be given as a ratio of the load neglecting this possible effect.
Thus, wave-generated current can be neglected, as long as the drag coefficient is increased accordingly,
which was the approach in [10]. In Figure 2, the horizontal mean load ratios for a fixed cylinder are
plotted, with and without an original current. Because the extra current depends cubically on the
wave number, it decreases if an original current is present. F_visc denotes the load in (4), with Stokes
kinematics integrated over the wet cylinder and then averaged, and F_visc_ WGC denotes the same,
but with the wave-generated current included. Infinite water depth is assumed.
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Figure 2. Calculated mean viscous drag load ratios for a fixed cylinder in infinite depth.
Diameter = 15 m, draft = 30 m.

If the cylinder is free to move, the loads can change significantly. For cylinders following the waves,
the drag loads can act in the opposite direction of the waves. Thus, the effect from wave-generated
currents can change the sign, as well as the magnitude, of the loads. DNVGL [8] states that absolute,
rather than relative, velocities should be applied in (4) for some sea states and structure diameters.
Their argument is that too much damping will be present otherwise.

5. Model Tests and Analyses of a Semi-Submersible

In Figure 3, the low-frequency surge motion of a semi-submersible tested in an offshore basin is
plotted, together with analysis results from the computer program Sima [11]. The waves are created
by flaps in the tests, and Sima reads the undisturbed wave elevation from the tests. Sima includes
second order drift coefficients, as well as viscous loads from slender elements. As is often the case for
sea states without an original current, the largest low frequency peaks are under-estimated (e.g., [12]).
The estimated wave-generated current is plotted in green (half of the Stokes drift). Although the mean
wave-generated current is small, the largest current always acts at the same time as the critical waves
and may influence the offset. Drift coefficients from potential theory, as well as viscous loads from
Morison’s equation, are affected by the current. Unfortunately, Sima does not yet have the possibility
of importing a time-dependent current, so investigations of the effect are not performed.
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Figure 3. Left: Low frequency surge motion. Red—model tests, Blue: analyses; Right: Calculated
wave-generated current.

6. Model Tests and Analyses of a Spar

For spars, stick type structures with Morison loads up to the actual free surface are often applied
in analyses. In this study, however, the analysis consisted of a panel model with drift coefficients,
in addition to drag elements up to the free surface. Low frequency pitch was then under-estimated,
as can be seen in Figure 4. The time instants for large wave-generated currents (half of the Stokes
drift) coincide well with the time instants for large low frequency pitches in the tests. The computer
program for the analysis was the same as for the semi-submersible above, i.e., it does not allow a
time-dependent current. The model test basin was the same as well.
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Figure 4. Left: Low frequency pitch, Red—Model tests, Blue—analyses; Right: Calculated
wave-generated current.

7. Comparison to Focused Waves

If [3] is wrong and wave-generated current does not exist, adding a current—which then would
be artificial, in Stokes waves may simplify the third order wave number correction. Johannessen and
Swans’ focused model test waves [13] show the importance of the distance from the wave maker and
the wave number correction in the analyses.

For irregular waves, the higher order solution-including wave-generated current is still not
established with all conditions satisfied, as was the case for regular waves. Therefore, only the linear
term in the analyses is compared to the model test waves in Figure 5. The solution must be found
by iteration, since the current depends on the wave numbers and the wave numbers depend on the
current. In the figure below, four iterations were found to be sufficient for convergence.
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Figure 5. Comparison of model test waves from [13] (black), linear wave elevation with wave-generated
current (magenta) and linear wave elevation from Stokes theory (blue); Wave-generated current (green)
is plotted as well.

8. Conclusions

Wave-generated current, with a magnitude equal to half of the Stokes drift at the mean free
surface, is believed to be important for offshore structures, however, is missing in standard calculation
tools. The examples presented in this document are for long-crested waves, and almost all of them
are without current. Since wave-generated current acts in the wave direction, short-crestedness will
decrease its effect, and if an original current is present, the effect will be smaller as well. Nevertheless,
structures are often model tested in long-crested waves without current, and analysis models are
established to best fit the results. Although deviations to model tests may be caused by other effects
not captured in the analyses, the author believes that missing wave-generated current is an important
reason, and encourages CFD users and basin owners to investigate whether or not waves create current.
Depending on the outcome, software developers are encouraged to include time dependent current in
their tools.
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