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ABSTRACT  

The lateral spacing between wind turbines is an important parameter in wind farm development and 

even more so for wind turbine testing sites. The trend towards longer blades and, thus decreasing 

lateral spacing, necessitate a more thorough quantification and understanding of the blockage effect 

for an isolated wind turbine and their interaction at a wind farm level. The cases examined in this 

study hint towards a change in the power coefficients of neighbouring wind turbines, due to alterations 

of the local velocity field, even at industry common spacings. Existing research in this area is sparse, 

except for some low Reynolds number wind tunnel experiments [1,2]. To achieve a more thorough 

understanding a systematic numerical investigation is performed via Reynolds-averaged Navier Stokes 

(RANS) simulations, in which the wind turbine is modelled using the actuator disc method [3]. This 

allows prescribing a constant load over the entire radius, thus making the investigation independent of 

variations in the local thrust coefficient, as seen for real blades. The power coefficient evolution as a 

function of lateral spacing is firstly analysed for only two neighbouring wind turbines. In fig.1 the 

percentage increase in the power coefficient relative to that of a free wind turbine is shown to increase 

as the lateral distance is reduced. This effect is amplified in line with the thrust coefficient. That this is 

not an artefact of the constant load pattern is characterised by the curve calculated for the NREL 5-

MW reference turbine [4]. In the future we will simulate configurations similar to those found at the 

test sites Høvsøre and Østerild with five and seven wind turbines respectively and investigate their 

mutual interaction for different wind directions.   

 
Figure 1: Relative percentage increase in the pressure coefficient as a function of non-dimensionalised lateral 

spacing for five constantly loaded rotors and the NREL 5-MW turbine ( U∞= 8 ms-1, Ct̅= 0.8 ). 

REFERENCES   

[1] D. Medici, S. Ivanell, J-Å. Dahlberg, P.H. Alfredsson, “The upstream flow of a wind turbine:                                                         

blockage effect”, Wind Energy, vol.14 (2011) p. 3. 

[2] S. McTavish, S. Rodrigue, D. Feszty, F. Nitzsche, “An investigation of in-field blockage 

effects in closely spaced lateral wind farm configurations”, Wind Energy, (2014), online   

DOI: 10.1002/we.1806. 

[3] P-E. Réthoré, P. van der Laan, N. Troldborg, F. Zahle, N.N. Sørensen, “Verification and 

validation of an actuator disc model”, Wind Energy, (2013), online: DOI: 10.1002/we.1607. 

[4] J. Jonkmann, S. Butterfield,W. Musial, G. Scott, “Definition of a 5-MW reference wind 

turbine for offshore system development”, Tech. Rep. 500-38060 (2009), NREL, Golden, US. 

1 3 5 7 9 11 13 14
0

0.5

1

1.5

H/D

(C
p
-C

p


)/
C

p


 /
 %

 

 

Ct =0.36

Ct =0.64

Ct =0.75

Ct =0.89

Ct =1

NREL 5-MW


