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Bouncing Droplet
▪ Velocity = 0.31 ms-1

Vortex ring formation

▪ Velocity = 0.88 ms-1

Central jet formation

▪ Velocity = 2.8 ms-1

Increasing Impact velocity

Background: Drop impact on a pool of same liquid
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Background: Application of vortex rings

▪ During the formation of vortex ring it
experience number of intermediate
shapes from spherical to toroidal.

▪ These Intermediate can be frozen at
controlled time point into particles by
gelation or precipitation process.

▪ Electro spraying technique with their
sizes well controlled from hundreds of
microns to millimeters.

▪ Applicable to broad range of material.

▪ Bioencapsulation

▪ Catalytic reactions

▪ Structural materials construction
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Problem Statement

▪ Effect of pool depth?

▪ Vortex ring formation

• In pool of different depths?

▪ How will pool depths effect the
dynamics of vortex ring?
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Problem Statement

▪ High-speed imaging & numerical
simulation to characterize the
dynamics in different pool depths.

▪ This will allow us to better control the
shape of the particles and eventually
produce sophisticated hierarchical
materials.
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Non-dimensional parameters:
Drop impact on a pool of same liquid

▪ Reynold number:

Relates inertial forces to viscous forces

▪ Weber number: 

Relates inertial forces to surface tension force

▪ Froude number:

Relates inertial forces to gravitational forces

▪ Geometrical aspect ratio:

Ratio of pool depth to drop diameter
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Non-dimensional parameters:
Drop impact on a pool of same liquid

▪ Time scale:

The time vortex ring take to move one drop 

diameter defined as:

▪ Length Scale:

The radial coordinate and axial coordinates  

are nondimensionalized by drop diameter
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Symbolic representations

Vortex ring (b); Crater depth (c); Wave swell (w);

b

c

w

r*

z*
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Vortex ring formation

▪ Drop & Pool liquid: 30% glycerin solution

▪ Velocity = 0.99 ms-1 

▪ Drop Diameter = 2.73 mm

▪ Reynolds = 1300

▪ Weber = 41

▪ Froude = 6

▪ Pool depth: h* = 4.39, 2.19, 1.01, 0.91, 0.73, 0.55, 0.36, 0.18, 0.1
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Camera Light

Liquid Pool

Needle & drop

Camera angle is ≈+1º to 2º degree 
from the horizontal plane

Positive View

Vortex ring formation: Two views experiments

V = 0.99 ms-1

h* = 1.01

Camera angle is ≈-1º to 2º degree 
from the horizontal plane

Negative ViewPositive View Negative View
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Vortex ring formation: Trajectory merging of two views

Positive View Negative View
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Vortex ring formation: Trajectory deep & shallow pools
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Numerical Simulation: Numerical setup 

▪ Drop & Pool liquid: 30% glycerin solution

▪ Velocity = 0.99 ms-1 

▪ Drop Diameter = 2.73 mm

▪ Reynolds = 1300

▪ Weber = 41

▪ Froude = 6

▪ Pool depth: h* = 1.01

▪ Systematic decrease of h* = 8.79, 4.39, 2.19, 2.02, 1.85, 1.65, 1.47, 1.29, 1.10, 
0.91, 0.73, 0.55, 0.36, 0.18, 0.10
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Numerical setup: Simulation domain
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▪ Minimum level of refinement = 7
▪ Maximum level of refinement = 12
▪ No of cells per drop diameter = 409



Tracking of vortex ring trajectory: Validation

Tracking: vortex ring

▪ Pool depth: h* = 1.01
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Three regimes: Two transitions in vortex ring dynamics

Deep pool regime Shallow pool regime Thin film
8.79

1.10

0.10
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Pool depth h*



Evolution of crater depth and vortex ring diameter
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Pool depth: h* = 1.01 Different pool depth

Vortex ring 
diameter

Crater depth



Maximum Vortex ring diameter and crater depth

Maximum vortex ring diameter Maximum crater depth

Deep pool regime Shallow pool regime Thin film
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Maximum Vortex ring diameter and crater depth

Time of maximum vortex ring diameter Time of maximum crater depth

Deep pool regime Shallow pool regime Thin film
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Correlation between crater depth and vortex ring

Interface profiles for h*: 8.79 Interface profiles for h*: 1.10

Black: Maximum vortex ring diameter (R*
B); Blue: Maximum Crater depth (Z*

C); 

T*
B: 3.2 & T*

C: 3.9 T*
B: 3.4 & T*

C: 4.6
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Correlation between crater depth and vortex ring

Evolution of wave swell height and vortex 
ring diameter

Maximum wave swell height and vortex 
ring diameter as a function of pool depth
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Kinetic Energy

Vertical direction Radial direction
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Pool depth h*

We = 41



Scaling

Time of maximum crater depth Maximum crater depth
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Outlook

▪ Calculation of surface energy and viscous dissipation to further 
validate our arguments

▪ Scaling laws for different weber number developed on the basis of 
inertia, capillarity and gravity. 

▪ The effect of pool depth than can further be studied for full 
parameter space of velocity.
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Thank you for your attention! 

Any questions, comments, or 
suggestions are welcome. 
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