XTI International Conference on Computational Methods in Marine Engineering

Aerodynamic testing of rotor sails: A scaling challenge

Alberto. F. Rius-Vidales'*, Supun Pieris 2,
Albert. A. K. Rijkens', John. W. Kurelek? and Marcus Hultmark®

! Maritime and Transport Technology Department, Delft University of Technology, Delft, NL
2 Mechanical and Materials Engineering Department, Queen’s University, ON, CA
3 Mechanical and Aerospace Engineering Department, Princeton University, NJ, USA
* Corresponding author email: a.f.riusvidales @tudelft.nl

ABSTRACT

A major challenge when predicting the performance
and loads of wind propulsion systems, is the lack of
data, numerical or experimental, representative of the
full-scale conditions. Figure 1, shows an overview of
the Rep = (pUosoD)/ 1 used in recent experimental
(e.g. Bordogna et al., 2019; Chen et al., 2023; Dey-
bach et al., 2024) and numerical (e.g. Jiang et al.,
2024; Kwon et al., 2022; Liu et al., 2024; Massaro
et al., 2024) rotor sail studies.

In conventional atmospheric wind tunnels the reduced
diameter (D) of rotor-sail models makes it difficult
to simultaneously match the Reynolds number (1 x
10 < Rep < 6 x 10%) and velocity ratios (k =
Ur/Us =1 to 5) of full-scale conditions. In this
work, we propose using a pressurized wind tunnel fa-
cility to overcome this limitation.

The advantage of pressurized wind tunnel testing,
over a conventional atmospheric tests, lies in the abil-
ity to modify the fluid density (p) and free-stream ve-
locity (U) to match both Rep and k. To this end
wind tunnel experiments at the High-Reynolds Num-
ber Test Facility (HRTF) have been conducted on a
rotor-sail model of AR = 5 and 6 and endplate sizes
D/De = 1.6 and 3 in the Rep range indicated in
Figure 1.

With this presentation, we would like to contribute to
the invited session in Simulation Methods For Wind
Propulsion Of Ships by: 1) Providing an overview
of the challenges in experimentally simulating rotor
sails, which limit the availability of benchmark exper-
imental data for CFD at representative conditions. 2)
Providing a first step toward high-Reynolds number
experimental benchmark data for CFD simulations. 3)
Provide insight into the Reynolds number dependence
of the aerodynamic loads, which can be used to guide
future CFD simulations.

*DNS ¢LES eRANS eExperiments

Present Study

Massaro et al (2024) : :

Liu et al (2024) it

Bordogna et al. (2019) -f——} !

Chen et al. (2023) 3 !

Kwon et al. (2022) o — !

Deybach et al (2024) [ % :

Jiang et al (2024) -

Full-Scale ; { v 3
0 1 2 3 4 5 6

Rep x10°

Figure 1: Overview of Rep in recent experimental and nu-
merical studies.
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