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Introduction



What is a vortex ring?

● Torus-shaped vortex in fluid 
● Poloidal flow
● Fluid spins around imaginary axis 

that forms a closed loop



Purpose

1. Understand the properties and 
dynamics of vortex rings

2. Detect a mean flow generated by the 
movement of the rings in the “west” 
direction



Bigger Picture

The experiment models cloud convection at the equator in the 
presence of the Coriolis force. The vortex rings represent air 
parcels that tilt to the west as they rise in the atmosphere due to 
the vertical component of the Coriolis force. By detecting a mean 
flow, we would confirm the theory that the vertical component 
of the Coriolis force plays a relevant role in equatorial 
atmospheric dynamics. 



The Experiment - Orientation

“up”

east west



The Experiment - Overview



The Experiment - Overview

● The system includes two vortex cannons, which are launched using 
Python code

● Cannons filled with water dyed with methylene blue
● Parameters: 

○ Duration, Wait, Repeat (in launching code)
○ Pressure, Valve (in physical setting)

● These parameters, along with our observations are recorded in an 
Excel sheet



The Experiment - Overview

● Still tank experiments
● Rotating tank 

experiments
● Detecting mean flow 

(rheoscopic fluid)

https://docs.google.com/file/d/1MVrMMdoMDErkBI8YSAJesv_5ohISGULL/preview


Videos



https://docs.google.com/file/d/1rFbe_d3bFC93iIpJZ5QGJm2UN2HfuWdT/preview


https://docs.google.com/file/d/1GEjfiX5mL_oP2qYvI170lEyZoHbovqkJ/preview


https://docs.google.com/file/d/1qGX8MIQpjSKB9NB8BDeEQwUKbtNrqQi6/preview


https://docs.google.com/file/d/1h8vi-aVmMLFBOhag6PkvWRNt8npIlNuT/preview


https://docs.google.com/file/d/1lUcv0LNuKX0pM7ybN1jzBAZuK9Ppcskk/preview


Emerging Trends



Emerging Trends

● Vortex rings are more stable at higher 
pressures (90-95 psi)

● Setting a higher duration increases the 
velocity of the rings

● Setting a higher valve increases the 
velocity of the rings 

● Ideal conditions for rotation

https://docs.google.com/file/d/180aS0j8YAqP0n_2UbyJAxF3BEIBq_WrV/preview


Further Study

● Understanding how the individual vortex rings scale to clouds in the 
atmosphere

● Studying the deformation of vortex rings 
● Visualizing and quantifying the mean flow generated by the vortices



Thank you!!



Prezley Content
● Incompressible Fluid Dynamics

○ Mass continuity equation
○ Navier-Stokes momentum equation + terms
○ Stream functions

● Rotating Frames of Reference
○ Coriolis Force

● Overview of Igel and Biello’s 2020 paper
○ Non-traditional Coriolis terms
○ DoNUT model of convection
○ Coriolis shear force

● Lab Talk





Incompressible Flow



The Momentum Equation of Fluids





Vorticity- measures the local rotation of a fluid at some point



Stream Functions





Rotating Reference Frames









The DoNUT Model of Convection (Igel)

Convection- the transfer of heat between two areas through the movement of fluids



How to determine the effect of NCT?





rising, tilting west

descending, tilting east

up

west

south

Poloidal Convection 
(at the equator)





Lab!



https://docs.google.com/file/d/1ZdLorsbHq9d5MeDPANoSVK3OJqTSbP-_/preview


https://docs.google.com/file/d/1-HX4PIUCDcPo43un1YlR-GUSK2J2FO9J/preview


Slide of 
Appreciation


