Hydrodynamic interaction loads on a cylinder at acute free-surface angle

Ignacio Johannesen, Fabio Pierella and Henrik Bredmose
DTU Wind and Energy Systems, Kgs. Lyngby, Denmark
iapjo@dtu.dk

1 Introduction

Surface piercing inclined cylinders are a common element of offshore structures. For Floating Wind
Turbines (FWT), these are subject nonlinear forces from waves and motion, together with nonlinear
interaction forces from the combination of the two. Here, quadratic and cubic interaction forces
of an inclined cylinder are addressed experimentally. Quadratic and cubic interaction forces are
isolated by an extension of the harmonic separation methodology. We next compare the results
against a Rainey based force model [1], that includes wave-wave and motion-wave quadratic forces.

2 Experimental campaign

The experimental campaign was conducted in the deep-water basin at DHI Denmark, see figure 1.
Stochastic wave trains were propagated in the direction of the cylinder’s longitudinal axis, while a
stochastic rotational motion around its downstream end point was applied by an electric actuator.

Figure 1: Experimental setup sketch with main parameters and real setup picture.

The cylindrical model was 2.8 m and 0.204 m, in length (L) and diameter (D). It was suspended
by two supporting arms equipped with load cells (LC). The forced oscillatory motion was derived
from a previous experimental campaign on a TetraSpar FWT design variant [2], representing the
motion response to the applied sea state (Hs = 0.218 [m] and T}, = 2.245 [s]).

3 Analysis of experimental data

To isolate the non-linear forces and specifically the ones from interaction origin, the harmonic sepa-
ration technique [3] is used, extended with motion. The tests were carried out as eight realizations,
with the following combinations of positive and negative phase for the wave and motion input.

Waves and Motion | A B C D E F G H
Waves + - + 4+ - -
Motion + - o+ -+ -

This approach is slightly different to the one of [4], where all tests included both waves and
motion and a larger set of phase angles was applied. To isolate the motion-wave interaction loads,
we first subtracted the wave-only and motion-only test results from the combined tests (E-H), for






