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Introduction

This outreach activity introduced secondary school students to the fascinating and complex world
of tornadoes. The session combined theory, hands-on demonstration, and visualisation techniques
to explore the dynamics of rotating boundary layers—structures which play a crucial role in tornado
formation and strength. The aim was to make advanced fluid dynamics concepts both accessible
and engaging for students in Years 9-12.

Part I: Theory

We began by explaining what tornadoes are and how they typically form beneath large rotating
supercell storms. Using accessible language, I introduced the concept of rotating boundary layers,
which form near the ground due to the interaction between surface friction and swirl. These layers
are key to the tornado’s ability to entrain material from the surface.

Figure (1] illustrates the general structure of a tornado-forming supercell.
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Figure 1: Diagram showing tornado formation from a supercell thunderstorm.

Next, I presented the theoretical structure of a tornado boundary layer as understood prior
to this year’s project. Figure [2] shows the expected inner and outer layers, as well as the central
effusive region where the inflow rises into the vortex core.
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Figure 2: Schematic of the theoretical tornado boundary layer, showing inflow and effusive struc-
ture.

Part II: Generating a Vortex Boundary Layer Using Sand

To help visualise the concept of a rotating boundary layer, we performed a simple interactive
demonstration. A bucket of water containing sand was stirred using a spoon. Over time, the
sand collected in the centre, clearly demonstrating the radial inflow that characterises a rotating
boundary layer.

Figure 3: Simple sand-in-bucket experiment showing radial inflow toward the centre under rotation.



Part III: Experimental Apparatus

Students were then introduced to the full-scale vortex chamber used in my research project. Figure[d]
shows the apparatus setup, which was run live during the session to illustrate the formation of a
tornado-like vortex in a controlled environment. I explained how fluid is drawn into the chamber
through a tangential inlet, passes through a foam annulus to smooth disturbances, and then acquires
angular momentum via a circumferential array of turning vanes. This generates a rotating flow
that mimics the structure of a real tornado. A pump extracts fluid vertically from the top of the
chamber, establishing a stable axial outflow that reinforces the central vortex.
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Figure 4: CAD diagram of the vortex chamber used to simulate a tornado boundary layer in the
lab.

Part IV: Vortex Chamber Demonstration

To demonstrate the flow structure inside the vortex chamber, I activated the light sheet and ex-
plained the basics of Particle Image Velocimetry (PIV)—a technique for measuring velocity fields
using tracked particles. Fluorescent dye was also injected to visually trace the fluid motion around
the vortex core.

Figure [5] shows the setup with the illuminated light sheet, and Figure [ shows the resulting flow
visualisation.

Closing Remarks

The session was designed to combine theoretical understanding with practical demonstration, pro-
viding students a hands-on introduction to experimental fluid mechanics. Their engagement and



thoughtful questions were a testament to their curiosity. I hope the activity sparked a lasting
interest in the physics of the natural world.

Figure 6: Flow visualisation using fluorescent dye, highlighting the tornado vortex structure.



