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Part one:
Particles in the turbulent ABC �ow
Alessandro Chiarini, Ianto Cannon & Marco E. Rosti
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Particles in turbulent �ows

• Par�cle *uid interac�on a,ects the *uid mo�on and the paths of the par�cles

• Modula�on of the large-scale *ow is relevant to sandstorms in engine cooling/cleaning

Sandstorm Pollen dispersal

Credit: Barcro0 media, 2010 
Credit: Robert J. Erwin
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Recent work in particle-laden turbulence
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Brandt & Colle8 Ann. Rev. Fluid Mech. (2021)

Oka & Goto, J. Fluid Mech. (2022)
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Our goals
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Musacchio & Bo,e<a, Phys. Rev. E (2014)

Podvigina, Phys. D: Nonlin. Phenom. (1994) 
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Numerical 
method

•  

Two-way coupled IBM

 

Hori et al, Comput. & Fluids, 2021
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ABC forcing
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Kinetic energy modulation
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• Generally as par�cle mass frac�on increases, the energy of the *ow is suppressed
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Kinetic energy modulation
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• At some intermediate par�cle sizes, energy is enhanced!
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Turbulence modulation
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• This is en�rely due to an enhancement of the mean (�me averaged) *ow

• The mean *ow is highly anisotropic
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Anisotropy of the �ow
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Poincaré maps
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•  

Poincaré, (1892)

Dombre, J. Fluid Mech. (1986) 
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Shape of the mean �ow
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Particle trajectories
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•  

Particle displacement
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Part 1 conclusion

15 of 

10

 

 

• The kine�c energy is 
enhanced at large par�cle 
mass frac�ons

• The *ow becomes 
anisotropic

• This shows the poten�al 
to use par�cles to modify 
the large scale structures 
of the *ow

• The par�cles exhibit 
anomalous di,usion

• Future work:

• Can par�cles reduce 
recircula�ng regions?



16

Part two:
Morphology of droplets in 
turbulence
https://arxiv.org/abs/2307.15448
Ianto Cannon, Giovanni Soligo & Marco E. Rosti
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Droplet breakup in nature

What is the morphology of droplets in turbulence?

• Surfactants are surface ac�ve agents, compounds that decrease surface tension at an interface

• Eg., soap, lipids in the lungs, salts, and many impuri�es

How do surfactants a,ect morphology?
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CO2 absorp�on by the oceanDroplet breakup during cough

Credit: Linda Gietka
Kant et al. Phys. Rev. Fluids 2023 Bag-mediated Jlm 

atomiza�on in a cough machine
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Numerical method
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-*uid mo�on

-incompressibility

-volume-of-*uid Jeld

-surfactant concentra�on

-surface tension 

Engblom et al., Comm. Comput. Phys. (2013)

Yun et al., Appl. Math. Comput. (2014)

Soligo et al.,  J. Comput. Phys. (2019) 
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•  

Simulation setup
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Droplet size distribution
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• We deJne an equivalent diameter 
for each droplet, 

• The DSD shows two dis�nct 
scalings, which are known to result 
from coalescence and breakup

Garre< et al., J. Phys. Oceanograph. (2000)

Dean, Stokes, Nature (2002)
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Droplet deformation
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• We measure the aspect ra�o

              ,

• and the sphericity           , where

• the aspect ra�o decreases with 
droplet size, and rebounds in the 
breakup regime

• the sphericity decreases sharply 
in the breakup regime 
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•  

Droplet radius of curvature
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Droplet areas
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•  

Topology of the droplets
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Handles and voids
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Conclusions

Part 1:

• The kine�c energy is enhanced at large par�cle mass frac�ons

• The *ow becomes anisotropic

• The par�cles exhibit anomalous di,usion

• Chiarini, Cannon & Ros�, (2023). Anisotropic mean *ow 
enhancement and anomalous transport of Jnite-size spherical 
par�cles in turbulent *ows (under review)
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Thank you!

   

Part 2:
• The interface-averaged surface tension can be used to deJne 

the Hinze-scale in surfactant-laden *ows
• Droplets smaller than the Hinze-scale are elipsoidal 
• Droplets larger than the Hinze-scale are Jlamentous
• Cannon, Soligo & Ros�, (2023). Morphology of clean and 

surfactant-laden droplets in homogeneous isotropic turbulence 
(under review) arxiv.org/abs/2307.15448
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Poincaré maps
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•  

Musacchio, Phys. Rev. E (2014)
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Langmuir equation of state
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Muradoglu, & Tryggvason, J. Comput. Phys. (2008)
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•  

Kolmogorov-Hinze diameter
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Kolmogorov (1949)

Hinze, AlCheJ (1955)

• The e,ec�ve Weber number takes surfactants 
into account

• The total number of droplets increases with 
Weber number

• We deJne an equivalent diameter for each 
droplet, 

• Droplet breakup and coalescence produce two 
dis�nct scalings in the DSD
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