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Smoluchowski equation 



Collision kernel 



Brownian Coagulation 





Accelerating propagation towards large sizes 
Decelerating propagation towards large sizes 
Uniform propagation towards large sizes 





Collisions 



Fall velocity of small droplets 





Internal circulation 







Collision efficiency is the ratio of the actual collision 
cross-section to the geometrical cross-section  
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Coalescence efficiency 
Impact parameter 



Weber number slightly below the threshold for coalescence 



Weber number slightly above the threshold for coalescence 



Break-up 





Smoluchowski equation 
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Lecture 2 



Accelerating propagation towards large sizes 
Decelerating propagation towards large sizes 
Uniform propagation towards large sizes 
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Usually condensational growth dominates over  
Brownian coalescence 

Realistic model  
in Grabowski lectures 



Condensation slows down while gravitational collisions  
initially accelerate with time (with the growth of  
 droplet size) so there must be a crossover size  
that can be estimated from the explicit relation 

Bottleneck at the crossover size which determines  
the typical time of growth from 1 µm to 100 µm 



Discrete conservative scheme of calculating collisions 





Turbulence characteristics 

See Cencini and Grabowski lectures 





Ayala, Rosa, Wang, Grabowski 







Ratio of turbulent collision kernel to gravity kernel 



Shear flow 

Additional collision kernel (Saffman&Turner)   

Change in collision efficiency (Khain&Pinsky) 
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Maxey & Wang 

Inertial particles 

See Cencini lectures 





Increase of settling velocity in turbulence 



Inertial effects: Preferential concentration and Sling effect 



Sling effect: distant vortex causes collisions of droplets 
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Sling effect and caustics 







Collision rate 
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preferential concentration  

sling effect  





Continuous contribution 



Sling contribution 



100 sec 

or 



Typical timescales 


