
A Wind tunnel analysis of flutter vibrations of a U-beam

Johannes Strecha1, Sergey Kuznetsov2, Radomil Král2, Stanislav Pospíšil2, Lorenzo Spitzy1, Herbert Steinrück1

1Institute for Fluid Mechanics and Heat Transfer, Vienna University of Technology, Resselgasse 3, 1040 Vienna, Austria
2Institute of Theoretical and Applied Mechanics, Academy of Sciences CR, Prosecká 809/76, 19000 Prague, Czech Republic
email: johannes.strecha@tuwien.ac.at, kuznetsov@itam.cas.cz, pospisil@itam.cas.cz, kral@itam.cas.cz, lnspitzy@gmail.com,

herbert.steinrueck@tuwien.ac.at

ABSTRACT: Motivated by assessing the aeroelastic stability of a conveyor solution, the aeroelastic stability of a U-beam with an aspect
ratio (width B over frontal height H) of B/H = 4.62 is investigated. Wind-tunnel experiments involving a special test stand for sectional
models and complementary CFD simulations were carried out. We find that the U-beam can perform self-excited two-degree of freedom
(flutter) vibrations. This is also reflected in the simulation results. Vortex-induced vibrations were observed experimentally, but the
amplitudes were small in respect to the frontal height. Numerically, it was found that there exist two different patterns of the flow around
the U-profile: One pattern that is very similar to the flow around a rectangular prism ( “R-flow” pattern) and another pattern were the
flow “reaches” into the pocket of the profile (“U-flow” pattern). The amplitude of vortex induced vibrations depends strongly on the flow
pattern. When the R-flow pattern is realized, the amplitudes were again small and of the same order of magnitude as in the experiments.
When the U-flow pattern is realized, much greater vibration amplitudes were observed in the simulations. Up to now, this could not be
observed in the wind tunnel experiments. However, for self-excited vibrations at higher reduced velocities it appears that the U-flow
pattern cannot be sustained: After an initial phase the flow pattern changes to the R-flow pattern.

KEYWORDS: Fluid structure interaction; Bridge deck aerodynamics; Vortex induced vibrations; Self excited vibration.

1 INTRODUCTION

Determining the aeroelastic stability is an important part in the
design process of slender structures. In our case, we analyze the
aerodynamics of a U-shaped conveyor belt that is part of a specific
conveyor solution. In practice, this conveyor belt can be very long
(several hundred meters). Furthermore, the original configuration
features two belts, one a certain distance (6.4H) above the other.
However, our research focuses on a section of a single belt with
a span length of a few meters, still retaining a slenderness (span
length L over belt height H) of about L/H = 57.1. The aspect
ratio of the U-shaped belt (frontal height H over width B) is
B/H = 4.62 (see Figure 1). Although the belt itself is flexible,
and therefore can carry out quite complex motion, we restrain
ourselves to simple mode-1 pitch (torsion of the belt about its long
axis) and heave (transverse) vibrations. Therefore, we chose to
model the belt as a rigid U-beam, that is allowed to rotate about
its long axis and to translate vertically (also see Figure 1). In
aerodynamic terminology, the U-beam is a so-called “bluff body”.
The von Kármán vortex-street is formed in the wake of the belt.
In contrast to bridge deck aerodynamics, we investigate not only
self-excited vibrations at high dimensionless reduced velocities,
but also vortex-induced vibrations (VIV) at relatively low reduced
velocities.

The critical velocity of flutter onset should be determined in
the wind tunnel. The experiments were carried out at the Centre
of Excellence Telč of the Institute of Theoretical and Applied
Mechanics (CET). Together with the experiments complemen-
tary CFD simulations were carried out at the Vienna University

of Technology using the proprietary CFD solver Ansys Fluent
(version 14).

This paper is organized in the following way: The experimental
set-up is described in detail in Section 2. The experimental results
are discussed in Section 3 and Section 4, focusing on self-excited
and vortex-induced vibrations, respectively. A comparison of the
experimental to the numerical results is given in Section 5. Nu-
merically, it was found that the flow around the U-profile can take
on two distinct flow-patterns, giving rise to different aeroelastic
responses. This is discussed in Section 7.
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Figure 1: Sketch of the U-beam (frontal height H, width B), in-
clined at an angle ϕ > 0 and displaced vertically by y. The beam
is supported by linear springs. Initially, y = ϕ = 0.

2 EXPERIMENTAL SET-UP

All experiments were carried out in the aerodynamic section of
the wind tunnel at the CET. This closed-loop wind tunnel offered
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flow velocities ranging from 1.5 m/s to 33 m/s with turbulence
intensities in the range of about 1%.

2.1 Test-stand and model

The section model was made of Balsa wood. The lowest eigen-
frequency of the model (mode: torsion about the long axis) was
f0,M = 20 Hz. This was assumed to be tolerable since the highest
targeted test-stand eigenfrequency was 6.5 Hz. The model was
mounted on a special test-stand (see Figure 2). The test-stand
allowed vertical translation (heave), as well as rotation about the
models long axis (pitch). The heave and pitch eigenfrequencies
could be adjusted individually, [3].

Figure 2: Image of the test-stand with the mounted sectional
model.

2.2 Dimensionless numbers

The sectional model of the conveyor belt had a frontal height
H = 0.065 m and an width of B = 0.3 m. An aspect ratio of
B/H = 4.62 was reached. The sectional model was L = 0.6 m
long, giving a slenderness of L/H = 9.2.

The most important dimensionless number in this paper is the
so-called reduced velocity, U∗ = u∞/(H f0,y). It is defined as the
ratio of the far-field flow velocity u∞ and the frontal height H of the
U-beam times its heave eigenfrequency f0,y. Experimentally, the
reduced velocity was varied by changing the far-field flow velocity
u∞. Some experiments were repeated with a different test-stand
eigenfrequency to assess the Reynolds number influence.

Furthermore, the Strouhal number is defined as St = H fvs/u∞,
where fvs is the vortex shedding frequency of the stationary U-
beam. As is common for bluff bodies, it depends only weakly on
the Reynolds-number Re = u∞B/ν, where ν = 1.46·10−5 m2/s
is the kinematic viscosity of air.

The first series of measurements was carried out to determine
the Strouhal number for Reynolds numbers ranging from 4.6·104

to 3.8 ·105. In Figure 3 it can be seen that St indeed depends
only weakly on Re. For the rest of this paper, we will make the
assumption that St ≈ 0.145 in the experiments. Numerically,
St = 0.135 was obtained.

We speak of self-excited vibrations, when the description of
the aerodynamic forces by the so-called flutter derivatives (see

[7]) is meaningful: Then, the aerodynamic forces can be taken
to be proportional to the linear and angular displacement and
velocity of the U-beam. This requires that U∗ � St−1, where
St−1 ≈ 6.9 in the experiments and St−1 ≈ 7.4 in the simulations.
Note, that U∗ = St−1 corresponds to the resonance case where the
eigenfrequency f0 equals the vortex shedding frequency fvs.

0.12

0.13

0.14

0.15

0.16

0 1·105 2·105 3·105 4·105

St
Re

Figure 3: The Strouhal number St of the sectional model over the
Reynolds-numbers Re.

The amplitudes observed in the simulations or the experiments
will be quantified with the root mean square (R.M.S, denoted with
full symbols such as “ ”) value of the mean-free amplitude (e.g.
y− ȳ) over a certain period of time. This period was chosen to be at
least 20 f −1

0,y in the experiments and at least 4 f −1
0,y in the simulations

and care was taken that a steady state is present. Where considered
appropriate, the maximum of the mean-free values will also be
given (denoted with open symbols such as “ ”).

3 SELF-EXCITED VIBRATIONS

It is well known, that the square prism can perform self-excited
(so-called galloping) transverse oscillations [6]. Moreover, Mat-
sumoto [4] published experimental results confirming, that a
B/H = 4 rectangular prism can perform self-excited pitch vi-
brations. However, it is the general opinion that such rectangular
prisms do not perform self-excited heave oscillations, [5].

In this paper, we consider two-degree of freedom motion (flutter)
of the U-beam. The ratio of eigenfrequencies is Ω = f0,y/ f0,ϕ =
1.0 in this section. The critical velocity of the flutter onset was
determined.

3.1 Critical reduced velocity

The section-model was subjected to cross flow at several flow
velocities u∞ in the wind tunnel. The test-stand was tuned to eigen-
frequencies f0,y = f0,ϕ = 2.0 Hz. The model was kept stationary
until the desired wind tunnel flow velocity was reached. Then it
was released and allowed to vibrate. Figure 4 shows the R.M.S and
maximum values of the mean-free heave and pitch amplitudes for
several reduced velocities. It can be seen, that vibrations are only
minimal for reduced velocities U∗ < 28.2. Abruptly, vibrations set
in between 28.2 < U∗c < 30.3 and reach considerable amplitudes
quickly. Thus, a critical velocity of flutter onset was found. The
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heave and pitch motion were in phase at the two highest reduced
velocities in Figure 4.
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Figure 4: R.M.S- (full symbol) and maximum values (open sym-
bol), as defined in Section 2.2, of the mean-free heave and pitch
amplitudes for several reduced velocities, respectively. The test-
stand was set to an eigenfrequency of f0,y = f0,ϕ = 2.0 Hz

Obtaining the critical reduced velocity proved to be a matter of
some delicacy. When the test-stand was set to higher eigenfrequen-
cies ( f0,y = 4.3 Hz and f0,y = 6.5 Hz), self-excited vibrations were
observed at U∗ = 27.0 and U∗ = 19.3, respectively. However,
the concept of aerodynamic derivatives admits a only a single
critical reduced velocity that does not depend on a dimensional
eigenfrequency. Careful investigation showed, that at the apparent
critical flow velocity of the experiments with f0,y = 4.3 Hz and
f0,y = 6.5 Hz, the vortex shedding frequency fvs was close to the
eigenfrequency of the model f0,M (see 2.1). The vortex shedding
provided a small excitation of the model such, that self-excited
vibrations with a larger amplitude were triggered.

In another experiment, the flow velocity was increased step-
wise, waiting for the section model to assume a new steady-state
after each flow velocity change. Such an experiment is illustrated
in Figure 5. Here, self-excited vibrations also were observed much
earlier, at U∗ ≈ 20 (see Figure 6). Hysteresis loops could also be
observed: The reduced velocities where flutter can be observed
differ for increasing and decreasing flow velocity.
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Figure 5: Time-series of a hysteresis-loop experiment showing the
displacement in mm, angle ϕ in degree and flow velocity in m/s.

From this, we deduce that while the U-beam appears stable
in a linear sense (at a certain reduced velocity), this may not be
the case in a non-linear sense. If large perturbations are present
initially, a large amplitude limit cycle may be reached. Indeed,
further hysteresis-loop experiments showed, that self-excited vi-
brations are possible at even lower reduced velocities (U∗ > 17.5)
regardless of the test-stand eigenfrequency, but only in the phase
when U∗ was decreasing (denoted U∗ ↓ in Figure 6).
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Figure 6: Hysteresis loop observed at high reduced velocities.
The R.M.S- (full symbol) and maximum (open symbol) values,
as defined in Section 2.2, of the mean-free, dimensionless heave
y/H and pitch ϕ is shown for increasing (↑) and decreasing (↓)
reduced velocity. The test-stand was set to an eigenfrequency of
f0,y = f0,ϕ = 6.5 Hz.

4 VORTEX INDUCED VIBRATIONS

Given the Strouhal-numbers reported above, vortex-induced vi-
brations to were expected at U∗ ≈ 6.9. Surprisingly, the frequency
ratio Ω = f0,y/ f0,ϕ is of great importance here. This can be seen in
Figure 7. When Ω = 1, virtually no vibrations could be measured.
Decreasing the rotational eigenfrequency on the test-stand, and
therefore increasing Ω, lead to more pronounced vibrations. In
these cases, the observed vibrations were heave-dominated, the
rotation being immeasurably small.

The influence of the angle of attack on the aeroelastic stability
was also investigated. The condensed results are shown in Figure 8.
It can be seen that in general inclining the profile leads to more
pronounced vibrations. This effect is stronger for positive angles
of attack. For negative angles of attack, a stabilisation can be
observed when the inclination is increased. However, the achieved
amplitudes were still small when compared to the frontal height.
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Figure 7: R.M.S value (as defined in Section 2.2) of the mean-free
vertical displacement in a reduced-velocity range where vortex-
induced vibrations were expected, for several frequency ratios
Ω = f0,y/ f0,ϕ. The amplitude of the rotational vibrations was
immeasurably small and is not shown here.
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Figure 8: R.M.S value (as defined in Section 2.2) of the mean-free
vertical displacement in a reduced-velocity range where vortex-
induced vibrations were expected for several angles of attack at
Ω = 1.0. The positive direction is indicated in Figure 1.

5 CFD SIMULATIONS

The CFD Simulations were carried out using the proprietary
Ansys Fluent CFD software package (version 14). A two-
dimensional computation domain was chosen. The turbulence
properties at the boundaries were set with the intent of modeling
rather steady wind conditions (turbulence intensity 1%, eddy vis-
cosity ratio 1). A URANS turbulence model (kω-SST) was used
to model the turbulent aspects of the flow. The computation mesh
was designed similar to the approach taken in [1]: The mesh close
to the vibrating U-profile (“inner region”, see Figure 9) is moved
as a rigid body. An annulus shaped, deforming region connects
the moving inner region to a stationary outer region.

The boundary of U-profile was resolved with cells of the length
L̃wall = 0.017H. Normal to the wall, y+ < 4 was achieved, but
y+ < 2 was satisfied for over 78% of the wall cells. A supposedly
y+-insensitive wall-treatment was chosen.

A UDF-based Runge-Kutta scheme was employed to perform
the time-integration of the rigid body motion. Convergence of the
rigid-body motion was reached by invoking the time-integration

routine several times during a time-step and taking the updated
pressure field into account.
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Figure 9: Sketch of the computational domain showing the three
regions (stationary, deforming, rigid body motion) with the respec-
tive average cell side-lengths L̃.

For simplicity, the mechanical damping was neglected in the
simulations. Furthermore, the 2D simulations do not take influ-
ences from the ends of the model (close to the perspex casing
of the test-stand) into account. Therefore, the amplitudes of the
simulated vibrations are likely to be greater than the observed
amplitudes in the experiment.

The first pattern of the simulated flow around the U-profile
is visualized in Figure 10: Passive particles were injected at a
location slightly downstream of the profile and tracked through
the computational domain. By this it can be seen that a stationary
vortex is filling the entire pocket of the U-profile. The flow is
similar to the flow around a rectangular prism and therefore called
“R-flow” in the following.

Interestingly, the simulations show a second, time-periodic flow
pattern described and visualized in Figure 11. Here, a smaller,
non-stationary vortex is formed right behind the front wall of the
U-profile and advected into the wake.
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Figure 10: Particle paths visualizing the R-flow pattern: A sta-
tionary vortex is filling the entire pocket of the U-profile. The
flow pattern resembles the flow around a rectangular prism. The
particle paths are coloured by the normalized velocity magnitude.
Re = 2.45·105.

Both flow patterns could be observed on a well resolved calcula-
tion mesh (see above) for extended periods of time (about 100/ fvs).
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Figure 11: Particle paths visualizing the U-flow pattern: Smaller,
non-stationary vortices are formed behind the front wall of the U-
profile and advected into the wake. The particle paths are coloured
by the velocity magnitude. Re = 2.45·105.

The pattern selection mechanism is unclear yet. It has been ob-
served that prescribing a positive, fixed pitch angle ϕ favours the
development of the U-flow pattern, while a negative pitch favours
the R-flow pattern. The critical pitch angle, if it exists, could not
be determined yet, and it is felt that the 2D and URANS models
employed are not suitable to determine this angle precisely.

The original configuration of the conveyor solution featured
a second belt, placed at a certain distance above the first belt.
Simulation of this case showed, that both flow patterns (the R-flow
and the U-flow) can be realized in one simulation. A snapshot
of the vorticity magnitude contours of this situation is shown in
Figure 12. The contour lines indicate the stationary vortex, filling
the entire pocket of the upper profile. The smaller vortex, forming
behind the front wall of the lower U-profile can also be seen. After
growing for some time, this vortex is then swept over the back
wall of the U-profile into the wake.
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Figure 12: Snapshot of the the simulated flow around two U-
profiles. The field is coloured by the velocity magnitude. The
black lines represent contour lines of the vorticity magnitude.
While the R-flow pattern is realized at the upper profile, the U-
flow pattern is realized at the lower profile. Re = 2.45·105.

The different flow patterns also lead to different time-dependent
aerodynamic forces acting on the profile. When the R-flow pattern
is realized, the aerodynamic forces are almost sinusoidal in char-
acter. The fundamental frequency of the lift force is the Strouhal
frequency f (c)

vs = Stu∞/H. The superscript (c) establishes the rela-
tion of this frequency to the R-flow pattern. A time-series of the
lift coefficient is shown in Figure 13.

On the other hand, if the U-flow pattern is realized, the fun-
damental frequency of the aerodynamic forces is not given by

the Strouhal frequency fvs, but by the frequency of the vortex
formation at the front wall. It is about, but not exactly f (c)

vs /2 in
our case. A time-series of the lift-coefficient is also shown in
Figure 13. However, f (c)

vs is still present in the spectrum of the
time-dependent lift force.
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Figure 13: Comparison of the time-dependent lift coefficient cL
for U- and R-flow pattern. The lift force per unit depth equals
FL =

1
2ρu

2∞HcL and Re = 2.45·105

6 COMPARISON: SIMULATIONS AND EXPERIMENTS

The aeroelastic behaviour of the U-profile depends on the flow
pattern that is realized. Which pattern was realized in the exper-
iments remains unknown at the time of writing. However, the
results obtained when the R-flow pattern was present in the sim-
ulations compare well to the experiments, so we assume that the
R-flow pattern was present in the experiments. In Section 7, the
aeroelastic behaviour for R- and U-flow pattern is discussed on
the basis of simulations.

6.1 Self-excited vibrations

The phase difference between heave and pitch motion for a self-
excited vibration at U∗ = 28 and Ω = 1 is about −45◦ as shown in
Figure 14. This compares well to two experiments carried out at
the same reduced velocity with eigenfrequency 4.5 Hz and 6.5 Hz.
However, when the eigenfrequency of the test-stand was set to
2.0 Hz the heave and pitch motion were in phase in the experiment.
If an influence of the test-stand on the motion of the section model
is at work, or the phase depends strongly on the Reynolds number
could not be determined yet.

The heave and pitch amplitudes measured in the experiment
were smaller than the amplitudes observed in the simulations.
This can be seen in Figure 15. Possible reasons for this are the
mechanical damping of the test-stand and the two-dimensionality
of the simulations. The ripples in the signal of the measured
pitch motion may stem from the finite resolution of the sensor or
turbulent fluctuations.

6.2 Vortex-induced vibrations

Basically, the experimental results regarding vortex-induced
vibrations are also confirmed by the simulations. The observed
amplitudes are rather small in magnitude. This can be seen in
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Figure 14: Visualization of the phase-shift between heave and
pitch motion at U∗ = 28, Ω = 1 and Re = 2.45 ·105 in a CFD
simulation. The pitch motion is scaled in this figure. Originally,
the pitch amplitude was approximately ϕ̂ ≈ 1.5 ◦.
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Figure 15: Comparison of simulated ( ) and measured ( )
dimensionless heave amplitude (y/H) and pitch (ϕ) for U∗ = 28.
In the experiment Re = 2.43 ·105 and in the simulation Re =
2.45·105.

Figure 16. Mechanical damping was neglected in this simulation
and the eigenfrequency was chosen to equal the vortex shedding
frequency obtained from previous simulations. Nonetheless, the
observed amplitudes are finite and very small. Closer inspection
of the involved frequencies shows, that the vortex shedding fre-
quency decreases due to the profile motion. Decreasing the pitch
eigenfrequency f0,ϕ reduces this effect due to the smaller pitch am-
plitudes. Thus, greater heave amplitudes could be observed. This
was visible in the experiments (see Figure 7) and the simulations
as well.

Again, observed amplitudes in the simulations are greater than
the measured amplitudes of the corresponding experiments.
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Figure 16: Time-series of the simulated heave (y/H, ) and
pitch (ϕ, ) motion at U∗ = 7.4, Ω = 1.0 and Re = 4.45·105.

7 DEPENDENCE OF THE AEROELASTIC BEHAVIOUR
ON THE FLOW PATTERN

The U-flow pattern gives rise to a completely different aeroe-
lastic behaviour of the U-profile. This is evident in Figure 17.
When the reduced velocity is in the range of 7.4 < U∗ < 14.0, the
vibration is dominated by the pitch motion. The observed pitch
amplitudes (and also the heave amplitudes) increased with U∗.
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Figure 17: R.M.S- and maximum values (as defined in Section 2.2)
of the mean-free heave (y/H) and pitch (ϕ) amplitudes for several
reduced velocities U∗, obtained from simulations at Re = 2.45·105

andΩ = 1.0 when the U-flow pattern was present. The downwards
pointing arrow indicates that the amplitudes were still decreasing
slowly at the end of the simulation run.
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The greatest pitch amplitudes could be observed for U∗ = 14.0.
Since for the U-flow pattern 1

2 fvs is the fundamental frequency of
the aerodynamic forces, this is the “U-flow resonance case”. The
amplitudes increase quickly and reach a steady state at ϕ̂ ≈ 11◦
and ŷ/H ≈ 0.15. This can be seen in Figure 18.
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Figure 18: Time-series of the dimensionless heave (y/H, )
and pitch (ϕ, ) amplitudes for U∗ = 14 from a simulation at
Re = 2.45·105 and Ω = 1.0.

For reduced velocities U∗ = 16 and beyond, the behaviour
changes again. As can be seen in Figure 19, the heave amplitude
increases quickly and dominates the vibration. This influences the
flow in such a way, that it switches from the U-flow pattern to the
R-flow pattern! After a transitional phase the amplitudes decrease
again. In one simulation run (marked with a downwards pointing
arrow ↓ in Figure 17) the steady state was was not yet reached.
Based on other simulation results where the R-flow pattern was
present from the beginning, we expect that the vibration will
decrease to very low amplitudes. However, it would take another
estimated 500 periods in addition to the simulated 180 periods
(which required about 960 hours CPU-time) to reach such a state.
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Figure 19: Time-series of the dimensionless heave (y/H, )
and pitch (ϕ, ) amplitudes for U∗ = 16 from a simulation at
Re = 2.45·105 and Ω = 1.0.

At U∗ = 28 a new steady state was observed, but with the R-flow
pattern present. This new steady state is similar to the simulations
where the U-pattern was present from the beginning.

7.1 Limitations of the CFD approach

Although the simulations were set up carefully and tested against
certain benchmark cases, the employed 2D and URANS models
themselves impose severe limitations on the accuracy of the simu-
lations.

The observations of the wind tunnel experiments could be re-
produced qualitatively. Quantitatively, however, there are some
differences. While the phase between heave and pitch motion
(seen in Figure 15) was predicted with some accuracy, the fre-
quency of the flutter could not be predicted well. The ratio of the
eigenfrequency to the flutter frequency was f0/ fflutter = 1.02 in the
wind-tunnel experiments while f0/ fflutter = 1.53 was obtained in
the simulations.

Close to the critical reduced velocity, U∗c ≈ 30 in the wind
tunnel experiments, the simulated motion of the profile depends
on details of the turbulence modeling, such as whether a curvature
correction (as described in [8]) is applied or not.

Generally, it has been reported that there is a big quantitative
difference between two-dimensional and three dimensional sim-
ulations, such as in [1]. Even the ability of URANS-methods to
accurately reproduce the three dimensional wake behind a bluff
body is highly questionable, see [2].

Further research will focus on determining the existence of
the U-flow solution in three dimensional, turbulence resolving
simulations. The experimental evidence gathered so far, namely
the signals of CTA probes and the measured pitch and heave of
the U-beam does not confirm the existence of the U-flow solu-
tion in the wind tunnel. However, it was reported that the flow
around a flat rectangular prism, its long side oriented normal to
the direction also features two different flow patterns [9]. These
two flow patterns are also characterized by how quickly the shear
layer originating from the front edges rolls up. There, the flow
behind the flat rectangular prism is not influenced by other bodies
and the shear layer can move freely. The flow pattern changes
intermittently.

In our case, the rear wall and the base of the U-profile impose
restrictions on how the shear layer can evolve. Thus, it seems that
the R-flow and the U-flow pattern are stabilized.

8 CONCLUSIONS

Self-excited flutter vibrations of the B/H = 4.62 U-profile were
observed experimentally and in CFD simulations. Experimentally,
the critical velocity of flutter onset was determined to be in the
range of 28.2 < U∗c < 30.3

The amplitudes of vortex-induced vibrations were comparatively
small. CFD simulations suggest that the vortex shedding frequency
changes due to the motion of the model. Thus, a state of resonance
could not be reached in the simulations.

Numerically, two patterns of the flow around the U-profile (the
R-flow and the U-flow) were found. The R-flow leads to aeroe-
lastic properties similar to those observed in the experiments. At
higher reduced velocities (U∗ ≥ 16), the profile motion triggers a
change from the U-flow to the R-flow pattern. Then, the observed
vibrations are similar to the vibrations that occur when the R-flow
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is present from the beginning of the simulation. However, at lower
reduced velocities the U-flow leads to more pronounced vibrations,
especially at U∗ = 14.0.

Further experimental work will focus on employing flow visu-
alization techniques to determine the flow pattern realized in the
wind tunnel experiments. The influence of the boundary condi-
tions in the experiment will be analyzed.
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