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Figure 4. Velocity field in a stationary (a) and rotating (b) reference frame

Kutta-Joukowski theorem (KJ):

Alternative to Noca’s method, the forces can be derived from the bound circulation using the Kutta-Joukowski theorem (e.g.235

Anderson, 2017, p. 282), which states that the sectional lift force is given by L= ρVrelΓ. This formulation can be decomposed

to yield the forces normal and tangential to the rotor plane:

FN = ρωr (1+ a′)Γ (16)

FT = ρU∞ (1− a)Γ (17)

It should be noted that the Kutta-Joukowski theorem is based on potential flow theory. Thus, e.g. the viscous drag contribution240

to the tangential force is neglected.

3 Results

3.1 Determination of the combined pitch and twist offset

The blades used in this experiment are made of vacuum-infused carbon fibre-reinforced material. This partially manual man-

ufacturing approach led to minor differences between the three blades. Based on visual inspection, one blade was chosen on245

which the measurement campaign was mainly conducted, hereafter called blade 1. However, measurements were taken for

blades 2 and 3 at r/R= [0.4, 0.6, 0.8, 0.9] to estimate the main measurement blade’s representation of the other two blades.

Early investigations into the gathered data indicated non-negligible differences in blade aerodynamics between the three

blades. To explain this behaviour, the blade cross-sections visible in the raw images were visually inspected and compared

against the original design of the blade. This approach is visualised in Figure 5 (a), where the blade cross-section is illuminated250

in white. The original design is overlaid as red airfoil shape. Then, the correct local twist is found by rotating this airfoil

around the trailing edge until its pressure side follows approximately the same curve as the pressure side of the illuminated
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