
Accepted Manuscript

Numerical study on the limit of power extraction by a dense cross-stream
array of wind turbines

Filiberto Tartari, Takafumi Nishino

PII: S0997-7546(16)30389-2
DOI: http://dx.doi.org/10.1016/j.euromechflu.2017.06.003
Reference: EJMFLU 3180

To appear in: European Journal of Mechanics / B Fluids

Received date : 6 September 2016
Revised date : 11 June 2017
Accepted date : 15 June 2017

Please cite this article as: F. Tartari, T. Nishino, Numerical study on the limit of power extraction
by a dense cross-stream array of wind turbines, European Journal of Mechanics / B Fluids (2017),
http://dx.doi.org/10.1016/j.euromechflu.2017.06.003

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.euromechflu.2017.06.003


Submitted to Elsevier  1  Tartari and Nishino 
 

 1 

Numerical study on the limit of power extraction by a dense 2 

cross-stream array of wind turbines 3 

 4 

Filiberto Tartari*, Takafumi Nishino† 5 

Centre for Offshore Renewable Energy Engineering, Cranfield University, Cranfield, 6 

Bedfordshire MK43 0AL, United Kingdom 7 

 8 

Abstract 9 

A numerical study is presented on the upper limit of power extraction by a dense cross-stream array of 10 

wind turbines, using 3D Reynolds-averaged Navier-Stokes simulations of flow over porous discs. The 11 

main objectives are: (i) to investigate the effect of ‘local blockage’ due to neighbouring turbines on 12 

the limit of power extraction; and (ii) to clarify how this effect compares with the effect of ‘local flow 13 

acceleration’ obtained by staggering the array in the streamwise direction. Some unconventional array 14 

configurations with vertical turbine arrangements, following the so-called ‘multi-rotor’ concept, are 15 

also investigated. Results show that the limit of power extraction by a non-staggered array increases 16 

moderately with the number of turbines arrayed (about 5% increase in the power coefficient compared 17 

to the Betz limit when 9 turbines are arrayed side-by-side). This power increase due to the local 18 

blockage can be enhanced further, but only slightly for the case of 9 turbines, by arranging turbines 19 

vertically as well as horizontally. Staggering the array in the streamwise direction may increase the 20 

power of downstream turbines due to the effect of local flow acceleration but reduce the power of 21 

upstream turbines as the local blockage effect diminishes, resulting in a total power reduction. 22 
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