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Two regions of different 
particle dynamics near a vortex
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Rv = 0.6 Gt

Deepu, Ravichandran
& RG, Phys. Rev. Fluids 2017

Particles/ droplets with inertia



Small, heavy inertial particles

Maxey & Riley, 1983, Phys. Fluids
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For particles near a vortex
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Boundary layer structure

rc » 0.5
Outer solution

Inner solution

r >>1, t >>1

R = dr,T =et

e = d 4

r <<1, t <<1

R =
r

d
, T =

t

e

e = d 2  or e = d



74-Oct-17

In the inner layer

In the outer layer
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Ballistic, vicinity evacuated quickly

Slow centrifuging, nothing much happens
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Excluding 
inner
region

Started 
life in inner
region

Ravichandran & RG
Phys. Fluids 2015
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Dynamics of light or heavy vortices



Re=5000, no buoyancy



Re=5000, Fr=100

Ravichandran, Dixit & RG Phys. Rev. Fluids 2017

Vorticity Density



Slomo, close-up
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“Theory”
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No gravity



164-Oct-17

Heavy vortices
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No buoyancy

With buoyancy
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In 3D
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Inertial droplets with phase change
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Evolution with phase change
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Vorticity

Droplet number densitySupersaturation

Temperature
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Many vortices with inertia and phase change

10
0

10
1

10
2

k

10
-10

10
-7

10
-4

10
-1

10
0

E
(k

)

10
0

10
1

10
2

k

10
-10

10
-7

10
-4

10
-1

10
0

E
(k

)

k -3

inertia

no inertia

10
0

10
1

10
2

k

10
-10

10
-7

10
-4

10
-1

10
0

E
(k

)

10
0

10
1

10
2

k

10
-10

10
-7

10
-4

10
-1

10
0

E
(k

)

t = 20

t = 40
t = 50

t = 30

t = 10



Phase changeLatent heat release

Buoyancy

Vorticity

Droplets

Adapted from Roddam
Narasimha’s concept

To conclude
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Froude=1, Re=5000, 
linear stratification, Boussinesq

Dixit & RG Phys. Fluids
2013


