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The objective of this research is to numerically reproduce a tornado-like vortex in laboratory scale and examine the flow pattern. Because the tornadoes are produced in a 

controlled environment are much smaller in scale, it provides an alternative to study tornadoes and its destructive nature. An in-depth analysis is conducted to decompose 

the velocity components in order to reveal the complicated flow structure. Experimental data from the Birmingham tornado vortex generator (BTVG) is used as reference 

for this numerical research. Vortex with the swirl ratio of 0.3 is simulated with the large eddy simulation (LES) turbulence model.

Aim

Period 1.375 s

Magnitude 0.035 m 

Vortex swirl Clockwise

Swirl motion Clockwise

Type Choice

Simulation software OpenFOAM

Turbulence model LES Smagorinsky-lily

Swirl ratio 0.3

Simulation type 3D, Unsteady

Time step 0.0005

An analysis on the flow reveals the tornado-like vortex to 

be at a turbulent state where the swirl is much weaker at the 

centre but reaches a peak at the walls of the vortex. The 

axis-symmetric flow field appears to have a turbulent core 

with chaotic downdraft flow at the centre that penetrates 

the entire vortex but breaks away before touching the 

ground, forming a doughnut shaped recirculation zone. The 

downdraft flow at the center of the vortex passes through 

the recirculation zone, and then flows upwards. Strong 

radial inflow is also directed upwards by the recirculation 

zone.

A stagnation layer separates the vortex core and the walls. 

Flow structure

Method

Figure 1: The formulation of the vortex is based on the 

Ward type vortex chamber, which guide vanes are 

placed by the inlets in order to provide the angular 

momentum for the formation of rotating column of air. 

Computational domain (left) and experimental setup 

(right). 

Some oscillations can be observed and were analysed with power spectrum analysis to quantify the swirl 

motion of the flow structure, revealing a periodic motion in the clockwise direction with the magnitude of 

0.035 meters with the period of 1.375 seconds. 

Swirl motionFigure 2: View of the contour of tangential velocity and 

velocity vectors at the xy-plane at different elevation. A 

thick wall of tangential velocity is visible, outlining the 

vortex structure. (a) z=0.005m (b) z=0.0106m (c) 

z=0.058m (b) z=0.1m.

Figure 3: Contour of velocity magnitude of at the yz-plane (left). Magnified view at near ground region 

showing the stagnation layer of velocity separating the turbulent core and the vortex wall. (right)

Figure 4: The flow pattern of the tornado-like 

vortex at the swirl ratio of 0.3.

Figure 5: The energy spectrum analysis on the swirl motion of the vortex


