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Motivation of this work:
• Rain-induced erosion affects wind turbine blades
• Impact energy depends on drop-size and fall-velocity
• Wind may modify raindrop kinematics
• Objective: analyse wind-rain interactions using disdrometer data

Experiments at Alaiz

Results

CENER's Alaiz Experimental Wind Farm is located in Navarra (Spain) in a
complex terrain site at a height of 1120m. It has 6 calibrated positions for
wind turbine prototypes and 4 meteorological masts.
Within Aire Project, two experimental campaigns have been performed with
dedicated precipitation measurement equipment (figures 1 & 2):
• Disdrometer Parsivel2
• Micro-rain-radar METEK MRR-PRO
• Rain-gauge Young 52203

Figure 4

Conclusions
• Wind speed has limited influence on the mean D-V relationship, but strongly increases

fall-velocity dispersion
• Strong wind and intense rainfall produce the largest velocity variability
• Wind-driven variability in raindrop impact velocity may contribute to erosion conditions

not captured by standard terminal-velocity assumptions

Figure 1

AIRE Project started in January 2023 to explore the wind resource at
different altitudes and site typologies (onshore-offshore-flat-complex
terrain) and enlarge the study including precipitation and sand
particles present in the air. With this information the existing models
and tools will be improved, and new ones will be developed. This will
help to design and control more efficient wind turbines suitable to
operate in a wider range of sites and conditions with a special focus
on wind turbine blade erosion study and mitigation. The
optimization of wind farm operations with weather intelligence will
improve wind farms’ performance and protection.
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Correlation between rainfall properties and wind speed 
were analysed using Spearman rank correlation 
coefficients. Table summarises the results.
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Figure 2

Data from the disdrometer
measurements and from one cup
anemometer (Vector A100LK) located
in met mast MP6 (Figure 3), at a height
of 118 m., were used in this study.

Figure 3

Wind and precipitation measurements have been recorded with a temporal
resolution of 1 min. Both datasets have been synchronised by matching their
timestamps using a nearest-neighbour association with a tolerance of ±2 min

• Optical disdrometers may produce non-physical detections (Figure 4)
• Uplinger terminal velocity filter applied (±60%) [ V(D) = 4.874 D exp(-0.195D) ]
• Filtering removes unrealistic rainfall accumulation artefacts (Figure 5)

DROP-SIZE VS FALL-SPEED (D-V) DISTRIBUTIONS

• The modal D-V relationship remains close to the theoretical terminal velocity curve for all
wind-speed ranges (Figure 6)

• Wind speed has limited influence on the mean D-V relationship, but increases the spread of
fall velocities (Figure 7)
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CORRELATION ANALYSIS WITH WIND SPEED

Results show that wind speed doesn't impact much on drop-size magnitude, but has strong effect
on drops fall-speed variability. (Figures 8 & 9)
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