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ABSTRACT: The aeroelastic phenomena taking place on the Hyperloop structure are
investigated on the basis of static aerodynamic and aeroelastic scaled models tested in
wind tunnel. The post-critical regime is reached through the adjunction of roughness on
the surface of the cylinders. The aecroelastic responses are analysed and the
corresponding critical galloping and VIV wind speeds are compared to aeroelastic
measurement data.
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1. INTRODUCTION

The twin-tube tracks of the Hyperloop concept (Fig. 1) represent a particular illustration of a two-
cylinder configuration in the post-critical flow regime. It is characterised by large dimensions
(diameter ranging from 3 to 5 m) and windspeeds (above 30 m/s), resulting in high Reynolds numbers
(above 107). In this flow regime, the boundary layers, shear layers and the wake are fully turbulent.
A few authors (Zdravokovich (1985), Kim et al. (2009), Assi et al. (2010), among others)
investigated the aeroelastic behaviour of twin cylinders but only in the sub-critical flow regime.

The purpose of this work is to investigate the aeroelastic responses of the cylinders, elastically
mounted on springs, in the post-critical flow regime. The damping ratio of the prototype has been
estimated to 0.2% based on the Eurocode. It is believed that this value is very conservative because
it corresponds to fully welded steel (Hyperloop). Thus, the damping ratio of the experimental model
is varied between 0.3% to 1.1%. The resulting aeroelastic phenomena will be commented/explained
on the basis of the lift, drag and Strouhal number measured on a static set-up.

Figure 1. Twin-tube structure of the Hyperloop project (Musk (2013)).
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2. METHODOLOGY

The approach consists in an experimental test campaign on two rough cylinders in the low-subsonic
wind tunnel of the University of Li¢ge. The two experimental apparatus are shown in Fig. 2, where
the left set-up is static and the right set-up is dynamic, i.e. suspended to extension springs.

Surface roughness is added to the cylinders in order to reach the post-critical flow regime at lower
Reynolds numbers. In this study, the cylinders are closely spaced: L/D = 1.2-1.56. L is the centre-to-
centre distance between the cylinders and D is the external diameter. This configuration is
representative of the Hyperloop structure.

Lift and drag forces are obtained through spatial integration of the pressure fields measured on each
cylinder at 48 taps linearly distributed at mid-span. A hot-wire probe is located in the wake of the
tandem arrangement to measure its frequency content. The static set-up is extensively described by
Dubois and Andrianne (2022).

Figure 2. Experimental set-up installed in the wind tunnel of the University of Liege.

3. RESULTS FOR L/D=1.2

Figure 3 shows the amplitude of vibration 4, normalized by the diameter of the cylinder D, which
results from the aeroelastic effect, when the tandem cylinders are submitted to the flow. It is observed
that the aeroelastic vibrations start for a reduced velocity U, around 4. This critical wind speed is
close to reduced velocity for which VIV (Vortex Induced Vibrations) takes place (1/St=1/0.25 = 4)
and it is independent of the amount of structural damping present in the system. In addition, the shape
of the response curve corresponds to a monotonous increase only. For these reasons, we conclude
that the aeroelastic phenomenon responsible for this response is an interaction between VIV and
galloping.
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Figure 3. Aeroelastic responses of the cylinders in tandem arrangement (L/D=1.2 / AoA=0°).




Figure 4 shows the effect of the wind incidence on the aeroelastic response of the cylinders for a
fixed value of the structural damping (0.7%). In this figure, the angles of attack of 0°, 2° and 4° show
the same behaviour as the previous figure. The shape of the response curve is different for 6°, where
a typical VIV response is clearly observable, followed by a typical galloping curve. The change of
shape of the curves could be explained by the appearance of a strong gap flow between 6° and 8°
which impacts the vortex shedding phenomenon. The similar observation is done for 8°, while no
observable aeroelastic vibration is reported for 10°.
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Figure 4. Aeroelastic responses of the cylinders for different wind incidences, a constant damping value
(0.7%) and L/D=1.2.

4. CONCLUSIONS & FURTHER WORK

The aeroelastic testing of a generic Hyperloop structure shows a combination of VIV and galloping
phenomena, which depends on the wind incidence. This observation will be explained in the full
paper to be presented at the EACWE conference thanks to aerodynamic data measured on a static
model. The scaling of the aeroelastic model (aerodynamics and dynamics) will be also presented in
order to propose a complete aeroelastic analysis of this unique structure.
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