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Fig. 13 Computational domain with a structural detail for the elastic plate case. All dimensions are in

m.

Fluid enters the channel from the left-hand side with a parabolic velocity profile. A constant
pressure is imposed at the outlet of the channel and a no-slip boundary condition is applied on
the walls. The fluid flow is assumed to be laminar. Deformation of the elastic plate is described

by the Saint Venant-Kirchhoff constitutive model with the plane strain assumption. Unsteady
variants of this case, designated as FSI2 and FSI3 in [53], are considered. Properties of the fluid

and elastic plate material are given in Table 1 together with the mean inlet velocity.

Table 1 Fluid and solid properties and mean inlet velocity u for the elastic plate behind a rigid cylinder:

ρF is the fluid density, νF is the fluid kinematic viscosity, ρS is the solid density, ES is Young’s modulus

and νS is Poisson’s ratio.

FSI2 FSI3

ρF , kg/m3 1000 1000
νF ,m2/s 0.001 0.001
u,m/s 1 2

ρS , kg/m3 10000 1000
ES ,Pa 1.4× 106 5.6× 106

νS 0.4 0.4

Figure 14 shows a section of the discretised spatial domain. The fluid part of the mesh con-

sists of 21 344 quadrilateral finite volumes, while the solid part consists of 328 finite volumes.
The numerical solution is obtained with a time step size ∆t = 1.5 × 10−3 s for the FSI2 case

and ∆t = 0.75× 10−3 s for the FSI3 case.

In order to quickly reach the periodic motion of the plate, the inlet velocity profile is applied
without a gradual increase in the mean velocity and the coupling between the fluid and the solid
is activated after 2 s. The coupling between the fluid and the solid is performed using the IQN-

ILS procedure. The residual ‖r‖2 is reduced in each time step by six orders of magnitude with
respect to its maximum value.

Figure 15 shows simulation snapshots for the FSI2 case at the instant of time when the plate

tip point (A) is at its highest position. Temporal variation in the plate tip point displacement,
after the periodic solution has been reached, is shown in Figs. 16 and 18. On the other hand,
temporal variation in the total force exerted on the plate and cylinder in the same time frame

is shown in Figs. 17 and 19. A quantitative comparison with the corresponding benchmark
solutions is given in Table 2. Mean values and amplitudes are calculated using the maximum
and the minimum values after the periodic solution has been reached (around 7 s for the FSI2
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