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Wave-driven forcing on a structured porous coated cylinder
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1 Introduction

Offshore renewable energy infrastructure often possesses cylindrical sections that are exposed to
unsteady wave-driven loading, comprised of inertial and drag driven forces (Yang & Rockwell,
2002). As such, many structures are overly-conservative in design and methods for alleviating
these loads are of direct interest to industry. In steady currents, structured porous coated
cylinders (SPCCs) have shown to significantly attenuate shear layer intensity and weaken and
shift vortex shedding processes further downstream, relative to an untreated cylinder, due to the
influence of permeability on the cylinder’s hydraulic diameter (Arcondoulis et al., 2023). The
efficacy of porous coatings and shrouds applied to cylinders, subject to unsteady wave-driven
loading in the linear-wave regime, has been studied prior (Wang & Ren, 1994, Mackay et al.,
2021); yet, an SPCC that possesses continuous porous coating from the outer to inner diameter
is not yet comprehensively addressed.

2 Experimental set-up
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Figure 1: Spanwise view and photograph of the SPCC used in this study.

Experiments using surface piercing cylinders (solid cylinder, d = 55 mm and an SPCC,
D = 96 mm, coating void-fraction porosity = 88% shown in Fig. 1) were conducted in a wave
flume in DEEP Research Labs, Avonmouth, UK. The flume width was 2400 mm wide and the
still water depth was h = 1600 mm. Data is presented from a load cell, attached via a taut
cable above the surface and another at its base, and a wave gauge placed 700 mm upstream
and 500 mm offset laterally from the cylinder centre. Twenty equispaced wavenumbers were
investigated from kh ~ 1 to 3.5 and each wave amplitude was set to 2a/A < 0.05. The bottom
of the cylinders were located 885 mm from the bottom of the flume and z, = 275 mm of the
cylinder span was submerged.

3 Results

The results are presented firstly in terms of phase-resolved wave—structure interaction mecha-
nisms, then followed by reduced-order force decomposition and scaling analysis. Flow visual-
isation in Fig. 2 reveals two distinct classes of wave—structure interaction consistent with the
Type-1 and Type-2 scattering mechanisms reported by Swan & Sheikh (2015). Following crest






