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Whereas previous studies have focused on a closed model, flat surface technique, this study aimed to investigate the performance of a tidal
stream turbine (TST) under the action of a more realistic sea state; incorporating waves and a velocity profile. The Reynolds Averaged NavierStokes (RANS) equations were applied in Ansys CFX v.14.5, with the Shear Stress Transport (SST) viscous model. The turbine domain was
set to rotate about its axis at an angular velocity of 2.25 rad/s, which is located very close to its peak power. One turbine revolution took 2.79s.
Cases with a wave both in phase and out of phase with the rotational period of the turbine were investigated, For an out of phase (OP) wave a
suitable depth penetrating wavelength of 30m was selected, and for an in phase wave (2IP) a period corresponding to two turbine rotations
was applied. A tenth power law profile was used in combination with the out of phase wave (OP+P). The results show that while the average
performance does not change significantly, the fluctuation in those parameters becomes extreme, and may have an impact on fatigue.

The Waves
Sea wave characterisation was
based on data from the BODC
shown in Figure 1 [1]. When the
wave parameters used in this
study were non-dimensionalised
and compared to Le Méhauté [2],
it was found that they lay outside
of the linear regime. Wheeler
stretching [3] was found to yield
an acceptable approximation.
When the wavelength was
known, as in the case of the OP
wave, the wave number k was
calculated from Equation 1, and
the period from the Dispersion
Relation [4] in Equation 2.

The velocity profile was specified as a
simple tenth power law based on site data
[5]. The volumetric flow rate through the
turbine was set so the average flow velocity
across the turbine was always 3.086m/s [6,
7]

The Model

L - Wave wavelength [m]
P - Power [W]
T - Thrust [N]
g - Gravitational constant [m/s2]
h - Water depth [m]
k - Wave number
ω - Wave angular velocity [rad/s]

The tidal stream turbine (TST) model was
developed from an experimental device [11] with
a diameter of 0.5m and based on a Wortmann
FX 63-137 profile [7]. The TST was deployed in
35m of water and was modelled with a domain of
rectangular cross section of 50m by 50m, and
350m in length.

Figure 2 – Turbine rotational domain mesh

A rotating cylindrical domain
incorporating
the
turbine
geometry was modelled as
shown in Figure 2; a set up
that has been extensively
applied and experimentally
validated [8, 9, 10]. The
turbine was meshed with a
tetrahedral scheme yielding
2.8 million elements

Figure 1 – Wave data from the BODC [1]

Figure 3 – Turbine situated in the sea domain

A volume of fluid (VOF) technique was used to
model surface effects, Figure 3. An open boundary
condition was defined at 35m, with the turbine
situated 100m downstream of the inlet, Figure 4.
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If the period only was known, as in the case of the
2IP wave, an interpolative technique was used
based on a rearrangement of Equation 2 and set
of data pairs for (kh) and (kh tanh(kh)) to give
Equation 3. These parameters were then input
into Wheeler modified linear
equations for
elevation and subsurface velocities
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…..(3)

The Results

Figure 5 – Power for the Flat case

Figure 7 – Power for the OP+P case

Figure 4 – Fluid path through the model

To achieve resolution in the region of the free surface, it was meshed with constant
thickness inflation layers of total 4m in each direction, yielding 1 million elements
outside of the rotational region. The fluid height was set by specifying volume
fractions of air and water above and below the free surface.

The Conclusions

Figure 6 – Power for the OP case

Figure 8 – Power for the 2IP case

Figure 9 (above) – Graphic of the generated wave
Figure 10 (right) – Bending moments
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Adding an out of phase wave of period
4.38s increases the range of the power from
the turbine
by over 100%, whilst
decreasing the average power by ~5.3%,
Figure 11. The addition of a velocity profile
increases
the
bending
moments
significantly.
There is a similar trend for
thrust, but the increases and
decreases are on a much
smaller scale due to the
selection
of
the
turbine
rotational velocity to be just off
the maximum power point.
With the wave in phase with the
turbine rotation and with a
greater period, the power range
doubles from the out of phase
case. An increase in time period
has a greater effect on the
turbine, as the wave has a
greater depth penetration effect.

This uneven distribution of power
could lead to non-uniform loading and
fatigue. For the OP case, the natural
variation in power and thrust across
the blades as a result of the blade
positions and wave peaks coming at
different times has a smoothing effect,
meaning that no single point or blade
is subjected to such a repeating
pattern.
Further study will be
conducted to determine if this
increasing trend continues with
increased period and is exacerbated
by in phase waves.

Figure 11 – Power for the OP case
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