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Tidal current turbines have the potential to provide a sizable proportion of global energy 

requirements. Installations to date have only been single devices for test purposes but any 

commercial application will undoubtedly involve multiple devices deployed in arrays, analogous 

to wind (turbine) farms. The commercial viability of such large-scale deployments will depend on 

the expected energy yield, or power output; the accurate prediction of power output from tidal 

turbine arrays is therefore extremely important. The present research involves the application of a 

high resolution nested hydrodynamic model to quantify power output from tidal turbine arrays.      

The power, P, available for extraction by tidal turbines is the kinetic power of the moving 

tides and may be calculated using: 
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1
AVP ρ=  (1) 

where ρ is water density, A is the swept area of the turbine and V is the undisturbed tidal current 

velocity. Due to physical constraints and inefficiencies in the energy conversion process, the 

actual power extracted by a turbine is less than the available power and may be expressed as: 
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RP AVCP ρ=  (2) 

where CP is the power coefficient which can range from 0.35-0.5 (Myers and Bahaj, 2006) and VR 

is the current velocity at the turbine rotor. VR is a function of both the undisturbed velocity of the 

tidal current prior to it passing through the turbine (the upstream velocity) and the reduced 

velocity of the tidal current after it has passed through the turbine (the downstream velocity). 

Determination of the upstream and downstream velocities is therefore critical in any approach to 

power quantification.   

The estimation of power output from a single turbine deployment is relatively 

straightforward once the required variables in eq. 2 are known. However, the estimation of power 

output from a multiple device array is complicated by the hydrodynamic interaction between 

turbines within the array. The hydrodynamic effects of tidal turbines include flow deceleration 

resulting from energy extraction by the turbine and drag losses around the structure as well as 

flow acceleration resulting from blockage effects. While these effects may be relatively 

insignificant for a single device they can be quite significant for a large number of turbines 

deployed together in an array. The upstream and downstream current velocities, and by extension 

the rotor velocity, manifest at a turbine could therefore be quite different if the turbine is deployed 
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within an array as opposed to singularly. While significant research has been conducted in the use 

of numerical models for turbine power prediction, the power output figures are often inaccurate 

and over-predicted due to omission, or only rough estimation, of the hydrodynamic interactions 

between turbines.  

In the present research a nested model developed by the Authors is used to model a tidal 

turbine array at the resolution of the individual turbines (see Fig 1). The governing equations of 

the two-dimensional, depth-averaged model were modified to incorporate energy extraction and 

drag terms for horizontal-axis tidal turbines. Based on actuator disc theory, energy extraction was 

incorporated by considering the act of extraction as a retarding force which is evenly distributed 

across the turbine swept area. The model simulates both the hydrodynamic effects of individual 

turbines and the interactions between neighbouring turbines in an array. The model is applied to 

an idealised rectangular channel and to the Shannon Estuary on the west coast of Ireland, an area 

identified as a potential site for tidal turbines. In both cases the model is used to quantify the 

power output from an idealised tidal turbine array. It is shown that the hydrodynamic interaction 

between turbines can significantly affect the power output of individual devices, and thus the total 

yield from an array. It is also shown that careful placement of turbines can optimise the power 

yield from an array. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Grid configuration for a 3:1 nesting ratio showing the CG boundary interface (shaded). 
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