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Project description 
Wind is capable of mobilising non-consolidated granular materials and it can shape these into 

intricate landforms, such as ripples and dunes. These wind-driven geological (aka ‘aeolian’) 

processes are governed by the forces exerted by the wind at the particle scale. Aeolian landscape 

features therefore record the interaction of the atmosphere with the surface geology of a planetary 

body. As existing models are semi-empirical at best, experiments are still needed today to further 

refine and improve our physical understanding of this force balance problem. This requires 

performing experiments in e.g. low-pressure, low-gravity environments such that we can shift the 

force balance and single out the effects of atmospheric, material and gravitational parameters. This 

will allow us to understand their effects on the particle detachment threshold; the very onset of a 

myriad of processes that form aeolian landscape features.  Next to the aeolian thing, there also 

exists a lack of data in the Martian environmental region. This region is high Mach number (due to 

the lower speed of sound on Mars) and low Reynolds numbers (due to low density on Mars. Being 

able to perform experiments and gather data in these conditions can help future design of aerial 

vehicles on Mars.  

The objective of this project is to design a so-called carousel wind tunnel and it can encompass two 

subprojects. The basic concept of this tunnel consists of a drum concentrically placed inside a larger 

drum (Fig. A). When the inner drum rotates at a high speed it creates a wind boundary layer (Fig. B). 

This configuration offers a very compact, infinite flow length wind tunnel that can be used to study 

aeolian phenomena in simulated extremes of planetary environments. Next to the aeolian 

phenomena, the tunnel also has the possibility for aerodynamic testing of wings and other bodies in 

the Martian environment. The outer drum will be a vacuum chamber to perform experiments using 

different atmospheric densities and gas mixtures. In addition, the wind tunnel also needs to be 

qualified for operation during reduced-gravity manoeuvres (aka ‘parabolic flights’) on board the PH-

LAB research aircraft operated by the TU Delft department C&S. Consequently, this facility offers 

some interesting design challenges in order to create a versatile laboratory set-up. There are thus 

two subprojects; one focused on characterising the wind flow and aerodynamic applications, the 

other for the mechanical and system design of the wind tunnel and its planetary geoscience 

applications.  

Schematic representation of a carousel wind tunnel comprised of two concentrically placed drums (A). The 

rotation of the inner drum at a given angular velocity will produce a wind flow at the wall of the outer 

drum, shown in (B). Modified from [Greeley et al,White et al]. 
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