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Constructive interference (1+1>2?)

4-turbine fence
SSPA, Sweden, September 2019

Dynamic loading in waves
QinetiQ, UK, July 2021

Single / twin turbines
FloWave, UK, February 2019



Reference flow speed

McNaughton et al. [1]



(A few) choices of reference speed

Reference Instrument Facility Sampling area Location Turbines present

McNaughton et al. [2] Vectrino FloWave Rotor area 3D upstream No

McNaughton et al. [3] Carriage speed SSPA

Allmark et al. [4] LDV Ifremer Single point 1.11D upstream Yes

Bahaj et al. [5] Pitot static tube Single point N/A N/A

Payne et al. [6] LDV Ifremer Single point Rotor plane No

Porter et al. [7] LDV Ifremer Single point 4.35D upstream Yes

Kolekar et al. [8] Not reported Lehigh University

Ebdon et al. [9] LDV Ifremer Single point Rotor plane No

Martinez et al. [10] ADV Ifremer Vertical profile Rotor plane No

ADV* CNR-INM Vertical profile Rotor plane No

ADV FloWave Rotor area Rotor plane No



Effect of reference speed (FloWave data)



Summary

• Reference flow speed affects reported results
• (e.g. performance gains from constructive interference)

• Inconsistent approaches in the literature
• Not a problem but rarely justification or uncertainty analysis for choices

• Guidelines for lab testing do not specify position nor approach

• We (ECRs) need to perform rigorous experiments and develop robust 
procedures

• Contact me to discuss – mcnaughton712@gmail.com

mailto:mcnaughton712@gmail.com


References

[1] J. McNaughton, S. Harper, R. Sinclair, and B. G. Sellar, ‘Measuring and Modelling the Power Curve of a Commercial-Scale Tidal Turbine’, presented at 
the EWTEC, Nantes, France, 2015.

[2] J. McNaughton, B. Cao, A. Nambiar, T. Davey, C. R. Vogel, and R. H. J. Willden, ‘Constructive interference effects for tidal stream turbines’, Submitted 
(under review), 2021.

[3] J. McNaughton, B. Cao, S. Ettema, F. Zilic de Arcos, C. R. Vogel, and R. H. J. Willden, ‘Experimental testing of the performance and interference effects 
of a cross-stream array of tidal turbines’, in Developments in Renewable Energies Offshore, 2020, pp. 563–570. doi: 10.1201/9781003134572-64.

[4] M. Allmark et al., ‘The development, design and characterisation of a scale model Horizontal Axis Tidal Turbine for dynamic load quantification’, 
Renewable Energy, vol. 156, pp. 913–930, Aug. 2020, doi: 10.1016/j.renene.2020.04.060.

[5] A. S. Bahaj, A. F. Molland, J. R. Chaplin, and W. M. J. Batten, ‘Power and thrust measurements of marine current turbines under various hydrodynamic 
flow conditions in a cavitation tunnel and a towing tank’, Renewable Energy, vol. 32, no. 3, pp. 407–426, Mar. 2007, doi: 10.1016/j.renene.2006.01.012.

[6] G. S. Payne, T. Stallard, R. Martinez, and T. Bruce, ‘Variation of loads on a three-bladed horizontal axis tidal turbine with frequency and blade position’, 
Journal of Fluids and Structures, vol. 83, pp. 156–170, 2018, doi: 10.1016/j.jfluidstructs.2018.08.010.

[7] K. E. Porter et al., ‘Flume testing of passively adaptive composite tidal turbine blades under combined wave and current loading’, Journal of Fluids and 
Structures, vol. 93, p. 102825, Feb. 2020, doi: 10.1016/j.jfluidstructs.2019.102825.

[8] N. Kolekar, A. Vinod, and A. Banerjee, ‘On Blockage Effects for a Tidal Turbine in Free Surface Proximity’, Energies, vol. 12, no. 17, p. 3325, Aug. 2019, 
doi: 10.3390/en12173325.

[9] T. Ebdon et al., ‘The impact of turbulence and turbine operating condition on the wakes of tidal turbines’, Renewable Energy, vol. 165, pp. 96–116, 
Mar. 2021, doi: 10.1016/j.renene.2020.11.065.

[10] R. Martinez et al., ‘Tidal Energy Round Robin Tests: A Comparison of Flow Measurements and Turbine Loading’, Journal of Marine Science and 
Engineering, vol. 9, no. 4, Art. no. 4, Apr. 2021, doi: 10.3390/jmse9040425.


