Added turbulence empirical
model for a single tidal turbine
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* Infroduction

Tidal furbines are deployed In cluster arrangement for
commercial electricity production as shown in Figure 1. The
energy extraction by tidal furbines in a highly turbulent
sfream condition attenuates the KE and induces fatigue
loading on the downstream turbine in form of a wake (Fig.
2). The turbulent infensity in turbine wake is the contribution
of furbine generated and ambient turbulent flow. Accurate
estimation of turbulent intensity Is essenfial to optimize
turbine placement and energy production in fidal parks.
This single furbine study provides a basis for a generic
model for turbine inferaction in a park.

« Method

The fturbine is represented as a porous disc using the
Actuator disc method (ADM). ADM applies a uniform thrust
force to the disc region that creates a momentum
exchange similar to a real turbine. A 20m diameter rotor Is
stfudied in an ideal channel replicating the Alderney Race
sfream conditions. A furbulence source term Is added to
the standard k-e furbulence model to augment turbulent
oroduction. The full-Width Half Maximum(FWHM) method is
used fo estimate the wake radius at 3o (Fig. 4). The
empirical model is developed from curve fitting to estimate
(1) the furbulent wake radius and (2) added turbulent
INnfensity.

T1 [%6] = 10% Tl [%]

-i -

|':'|

L nw o n &
y/D
L nm o n &

_15;., T1 (%] -2'”* TI [%]

-E.I"I"l

30

25

y/D
Lm:nru#

20

15

25
20
15
10

Figure 3: Turbulent intensity contour at different ambient condifion
showing the effect of added turbulence by the rotor in near wake
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 Results

Figure 3 shows the maximum furbulence in the initial near
wake account for the contribufion of the rotor and
mean shear. The Gaussian profile wake expands further
and diminish faster at high ambient turbulence due 1o
strong mixing process. Wake turbulence is expressed as:

I=\/I2+ 1

= Turbulent wake radius model

The Initial wake of rotor size graduadlly expands
downstream according to a power law (Fig. §). The
wake expansion depends on the ambient turbulence
intensity (Tl) and location downstream. Tl increases the
wake width but decreases the wake length.
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Figure 5: Comparision of numerical and
empirical turbulent wake radius

Figure 4. Turbulent wake radius
estimation at 3o

= Added turbulence model

The near wake region is dominated by the mean shear
and turbine generated furbulence. Figure 6 justifies that
the major fturbulence source In the near wake s
attributed to the rotor. The added fturbulence is largely
INnfluenced by the furbine characteristics rather than the
ambient turbulence. The model is expressed as:
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Figure 6. Comparision of Centerline added turbulence intensity with existing

models for wind furbine.
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