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Summary

3D LES simulations of a rectangular prism of side ratio 3:2 have been conducted under smooth flow for static and
dynamic cases. The dynamic case was allowed to oscillate in the heave degree of freedom, showing good agreement
with available experimental data.
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1 INTRODUCTION

Energy harvesters are electromechanical devices designed for generating electrical energy from
the vibrations of a body undergoing wind-induced excitation (Barrero-Gil et al. 2012; Zhang et al.
2020). These devices produce energy at lower wind speeds than wind turbines and are very com-
pact, which make them suitable for urban environments (Poozesh et al. 2025). As rectangular
prisms of small width to height ratio are prone to undergo galloping oscillations (Mannini et al.
2018) they are particularly suited for being the geometry producing the excitation of the energy
harvester. In the following the study of dynamic response of a rectangular prism of side ratio 3:2
by means of 3D LES simulations is presented, in order to assess the used of CFD simulations as a
reliable tool for predicting the performance of the energy harvester.

2 FORMULATION

The flow is modelled using the Large Eddy Simulation (LES) formulation. For solving the set
of Navier-Stokes equations the open-source software OpenFOAM in the ESI v2212 (OpenFOAM
2022), by means of Yoshizawa’s model (Yoshizawa 1986) which add a transport equation for the
kinetic energy of the unresolved stresses, named as kEqn on OpenFOAM. The sign convention for
the aerodynamic forces is shown in Figure 1a. The time dependent force coefficients (drag Cp, lift
C'1, and moment (') and Strouhal number are calculated as shown in Eq. (1).
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where H stands for the height of the prism, Fp, I, and Mp are the drag and lift forces, and
torsional moment per unit of span length, U, is the incoming wind velocity, p is the air density,
and f is the dominant frequency of the lift coefficient evaluated from a Fourier analysis. Symbols o
and represent the mean and standard deviation respectively. In Eq. (2) the so-called Pope’s (Pope
2004) criterium (M) is presented, which is used for assessing the quality of the LES simulations,
considering well resolved LES simulations those featuring an energy content of the modelled scales
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(subgrid scales, sgs) equal or below 20% (Chapman 1979; Pope 2004), hence M (x,t) < 0.2.

ksgs(x,t)

M(x,t) = k(x,t) 4 kogs(x, 1)

(2)

where k,4,(x,t) is the turbulent kinetic energy of the unresolved scales, k(x,t) is the turbulent
kinetic energy of the resolved scales. Hence, a well resolved LES simulation has M (x,t) < 0.2
in the regions of interest of the simulation. The Scruton number (Sc) is used for characterising the
dynamic properties of the harvester, which is calculated as indicated in Eq. (3).

Se— 4mmé 3)

~ pBHL’
with m is the total mass of the model, £ is the relative damping of the system and B, H and L are
the dimensions of the prism.

3 COMPUTATIONAL MODELLING

Second order schemes have been used for approximating the advancement in time, the diffusive
and convective terms. The pressure-velocity coupling was solved by means of the PIMPLE algo-
rithm. The simulations were ran at a constant time-step providing a maximum Courant number
below 1.0. The simulations under galloping include the Arbitrary Lagrangian Eulerian algorithm
for accounting for the mesh motion. The prism was only allowed to move in the heave degree
of freedom, and its oscillation was modelled as a single-degree-of-freedom mass-spring-damper
system. The conventional serial staggered scheme was used for resolving the coupling between the
fluid, structure and dynamic mesh. The mesh sizes for the different regions of the mesh were estab-
lished following the procedure described in Nieto et al. (2025), achieving a y* = 1.68 for a mesh
with 1925744 elements. A sketch of the fluid domain with its dimensions is shown in Figure 1b,
and their values are presented in Table 1. The properties of the boundary layers are presented in
Table 2. The values of Pope’s criterium for the static simulation are shown in Figure Ic.

Table 1: Fluid domain dimensions.

Az Ay 9 Dy Dz
16.75H 16.5H 50H 34H 4H

Table 2: Boundary layer mesh characteristics. (h; is the height of the elements in the first row of the
boundary layer (bl), Hy; is the total height of the bl, ny; is the number of rows of elements forming the bl,
1 is the width of the elements in the first row of the bl, and gry; is the growth ratio between row heights in
the bl)

hi/H Hy/H ny  x1/h1 gr
1.119 x 1073 4442 x 1072 9 2.84 135

When considering a turbulent inflow, turbulence synthetic methods were applied by using Syn-
Inflow software (Patruno and de Miranda 2020)



4 RESULTS

In Table 3 the force coefficient values of the prism under smooth flow for a 0° angle of attack (AoA)
are presented and compared with some available experimental data. The reported values are well
aligned with the experimental data. On the other hand the results of the galloping simulations,
which were conducted for a Sc¢ = 28, AoA=0° and considering two levels of turbulent intensity,
are presented in Figure 1d. It can be seen that the obtained amplitudes of oscillation are in good
agreement with the experimental results from Mannini et al. (2018), although they are presenting
slightly higher values, which could be explained by the small discrepancies in the force coefficients
and hence producing a different vertical force. Moreover the spanwise length of the prism, different
in the simulations from the one tested, could also be playing a role in the observed differences.

Table 3: 3:2 rectangular prism force coefficients for smooth flow and 0° angle of attack (AoA). (PS refers
to present study)

Reg Cy c, C, Cy C Co St

PS 143000 1.74 0.01 0.00 0.05 1.04 0.07 0.11
Mannini et al. (2016) 146800 1.75 0.81 0.11
Mannini et al. (2018) 143000 1.77 0.00 0.11
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Figure 1: Fluid domain and results: (a) sign convention, (b) sketch of the overall fluid domain (not at scale),
(c) Pope’s criterium for the static simulation and (d) Equivalent sinusoidal amplitudes of heave oscillation
under smooth flow.



S CONCLUSIONS

In this study 3D LES simulations of the 3:2 rectangular prism under two different levels of turbu-
lence intensity have been completed, being able to successfully reproduce the expected galloping
behaviour of the prism and hence indicating that this kind of simulations could be a good predictor
of the response of energy harvesters.
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