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exponential decay as 

propagating.
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Motivation
 We could observe the vortex rings in the biosphere. For example, 
dolphins would spit out a vortex ring for . We also could see them 
in the volcanos’ eruption. The most famous example is the smoke 
generated with a distinctive ring structure by Mount Etna. 
  We are curious about how a vortex ring is formed. Therefore, we 
study the characteristics of the vortex ring such as the flow fields 
around the vortex ring, the evolution of the vortex ring, and the 
vorticity distribution.
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 A vortex ring is a toroidal volume of vorticity fluid moving in a steady medium and shown in the “donut” shape. They are 
composed of vortices arranged annularly. We are interested in how these special “donuts” are formed. Therefore, we want 
to know their physical properties, like its flow field, vorticity distribution and variation of the vortex ring. 

Setup 1:  
 Measure the diameter & velocity

Setup 2:  
 Measure the vorticity distribution
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• The vortex ring propagates along the 
direction of  the normal ring plane ( ). 

• Fluid field at its outter edge is dragging 
against its traveling direction to maintain 
the vortex.!

• The vortex ring is an axisymmetric object.!
• The vortices do not destroy each other.
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Experimental Goals
• Find the relation between stroke ratio ( ) and D.  

• Observe the vorticity and velocity of fluid.  
• Measure the spatial evolution of vortex ring.  

➢ Vortex ring’s size    
➢ Vortex ring’s speed 
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The flow fields around the vortex ring!
• The top and bottom vortexes rotate in the opposite direction.!

• The center of the vortex ring has the highest velocity. 
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 Radial vorticity!
• It can be described a 

Gaussian function.!

• The widths of the up and 

down are similar.

Diameter vs Traveling Distance!
The diameter increases 

exponentially when it  travels 

further.

Diameter vs Stroke ratio!
The initial diameter of the 

vortex ring depends on the 

stroke ratio.

 Up Down
c 8.86 ± 1.40 9.19 ± 1.49

Reference Results
A 1.18 1.39 ± 0.05

b 0.25 0.27 ± 0.03
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Figure 1. Schematic sketch of the geometry for a circular vortex ring approaching
a plane wall.

this study are as follows. First, the LB algorithm is easy to implement. Secondly, the
LB method is conservative, because both the collision and the advection processes,
which are defined by the right-hand side and the left-hand side of (2.1), respectively,
conserve mass and momentum exactly. In addition, the LB method has relatively
low numerical dissipation and dispersion compared to conventional Navier–Stokes
solvers of formally equal or even higher order of accuracy, as shown by using von
Neumann analysis (Lallemand & Luo 2000, 2003; Marı́e, Ricot & Sagaut 2009).
This is related, in part, to the fact that the LBE employs stencils larger than those
used in conventional second-order schemes. For example, in two dimensions the
minimum number of stencil points in the LBE is seven on a triangular lattice, and
nine on a square lattice, as opposed to five for conventional computational fluid
dynamics schemes on a square lattice. And finally, the code used in this study has
been extensively validated and verified and has been proved to be an effective and
efficient method for direct numerical simulations of vortex-dominated flows (Soo &
Menon 2004; Cheng, Yao & Luo 2006; Cheng & Luo 2007; Cheng, Lou & Lim 2009;
Peng et al. 2010).

2.2. Flow configuration, boundary and initial conditions

In this work, the dimensions of the computational domain in the x, y and z directions
are L, W and H , respectively. The rectangular computational domain is discretized
by a uniform mesh of size Nx × Ny × Nz, where Nx and Ny are two lateral dimensions
of the mesh in two horizontal directions x and y, and Nz is the dimension in the
vertical direction z. A vortex ring of radius r0 is initially placed at a distance z = z0

from a flat wall at z =0, as illustrated in figure 1. The vortex ring is given a constant
initial velocity that points to the flat wall with an angle θ .

The initial vorticity distribution of the vortex ring is assigned by a Gaussian
function (Orlandi & Verzicco 1993), for which the velocity field is specified by the
circulation Γ of the ring as follows:

u0 =
Γ

2πσ

[
1 − e−(σ/σ0)

2]
ϑ̂, (2.11)

where ϑ̂ is the unit vector tangential to circulation circles about the ring core,
σ is the radial distance from the centre of the core, σ0 is the initial core radius
and σ0/r0 = 0.21. The initial translational speed of the ring can be estimated as
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•   Data 
𝑦 = 𝐴𝑒𝑏𝑥 + 𝑐


