
where FN is the axial force per unit span, ρ is the density of air, U∞ is the freestream velocity and r is the radial coordinate.

The local axial force coefficient cN can be expressed as115

cN =
FN

1
2ρV

2
relc

= cl cos(ϕ)+ cd sin(ϕ) (5)

with Vrel being the local relative inflow velocity, ϕ being the local inflow angle, and cl and cd the lift and drag coefficients,

respectively. Substituting Equation 4b in Equation 5 yields a minimum function with βM as variable

min
βM

= cN,M (αM )− cN,O(αO) (6a)

120

min
βM

= cl,M (ϕO −βM )cos(ϕO)+ cd,M (ϕO −βM )sin(ϕO)−
U2
∞,M

U2
∞,O

rM
rO

FN,O
1
2ρV

2
rel,McM

(6b)

where Vrel,M =
√
(U∞,M (1− aO))

2
+(ωMrM (1+ a′O))

2, with aO and a′O being the axial and tangential induction factors,

respectively, and ω the angular rotation frequency. Based on Equation 6b, the model twist distribution can be determined. The

original flow properties ϕO, FN,O, aO and a′O are taken from numerical simulations of the full-scale IEA 15 MW RWT based

on blade element momentum theory (BEM). The underlying algorithm has previously been used for simulations of the IEA125

15 MW RWT (Fritz et al., 2022) and was validated in the same work against the established lifting line algorithm AWSM

(Grasso et al., 2011). For these simulations, an inflow velocity of U∞,O = 10m/s is chosen, corresponding to operation just

below rated. U∞,M is set to match the targeted wind tunnel inflow velocity. The resulting chord and twist distribution of the

wind tunnel model blade are given in Figure 2.
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Figure 2. Chord (a) and twist (b) distribution of the geometrically scaled IEA 15 MW RWT and the wind tunnel model

The presented scaling approach ensures close resemblance of the model’s non-dimensionalised thrust distribution to that of130

its reference. It should, however, be noted that other flow physics, such as flow transition or separation, can be fundamentally

different due to the changes in airfoil and chord Reynolds number.

7


