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Experimental Study on Reproducing Wind Turbine Wake Flows
Using Porous Disk Models under Unstable Thermal Stratification
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Abstract

Wake effects generated by offshore wind farms not only reduce power output within a farm but also influence
neighboring farms and the surrounding atmosphere, making their assessment increasingly important. However,
reproducing such effects in wind-tunnel experiments requires many rotating turbine models, and miniaturization makes
it difficult to match the thrust coefficient of real turbines. This study therefore focuses on porous disks, whose porosity
allows adjustable thrust, to identify an effective substitute for rotating models. Using this model, a wind-farm array was
constructed to experimentally examine how layout conditions affect wake characteristics, while wake behavior under four
thermal-stratification conditions was also observed. Wind-tunnel experiments using two porous-disk types were
conducted to evaluate velocity distributions and flow structures. The results identified a porous-disk model capable of
reproducing turbine-wake features and suggested that shorter row spacing with more units may reduce velocity deficits.
Furthermore, wake structures were found to vary significantly with stratification and boundary-layer conditions,
establishing an experimental basis for evaluating thermal effects on turbine wakes.
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Disc name Solidity [%] o
coefficient
ND1 57 0.33~0. 51"
ND2 42 0. 76
RD 100 1.1
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