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Turbulence and droplets in clouds & in the laboratory with emphasis on the effects of 
 initial and boundary conditions: Gravitational effects in flows with inertial particles.  

Experiments with Sergiy Geraschenko and Garrett Good, Cornell University. 

*DNS with Valentina Lavezzo, Alfredo Soldati & Lance Collins 



INERTIAL PARTICLES: 

Preferential sampling:Red:tracer, 
 Green,blue,brown,yellow, increasing inertial effects 

Toschi and Bodenschatz, 2009. (DNS) 



Experiments on inertial particle clustering : Wood, Hwang & 
Eaton. 2005 

St=0.57  St=1.33 



Maxey and Corrsin (1986), Wang and Maxey (1993), 
 Davila& Hunt (2001)…………..  



1. CLOUD & LABORATORY  
PARAMETERS 



Parameters: 

–  Reynolds number 

–  Stokes number ‐‐‐‐ (Particle relaxation 
time/Kolmogorov time scale). 

–  Froude number 

–  ‐Ratio of terminal velocity to Kolmogorov 
velocity 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Siebert et al. Atmospheric Research 2010 



Parameter ranges in clouds and in the 
laboratory 

Cornell droplet experiments: 

Cumulous clouds (Seibert, Shaw et al.) 



Seibert, Shaw et al. JAS 2010 



Velocity statistics in a stratocumulus cloud. 
Seibert et. al JAS 2010, Atmos. Res. 2010 



Seibert et al. JAS 2010  



Cornell Wind tunnel 



Spray System 

•  4 air atomizing nozzles generate 
narrow distribution water droplets. 

•  Closed loop electro‐pneumatic valves 
maintain accurate atomizing 
pressures. 

• Spray injected directly behind turbulence generating grids. 
• Mass loading can be varied between 10‐4 ‐ 10‐3 (kg of water / kg of 
air) 
• Number density 30 ‐ 300 per cc for 20µm water droplets 

• Particle size distribution log‐normal. 

• Distribution can be varied by changing atomizing air and water 
pressures 



Geraschenko et al. JFM Dec. 2008 



2. ENTRAINMENT 

Jayesh & Warhaft, JFM, 
277, 23, 1994 



From Shaw, ARFM, 2003 

Very sharp 
 interface with dry 
 air, the relatively constant  
droplet size, and the 
existence of shear across 
the interface in some cases. 

Entrainment 



Entrainment Experiment with and without gravity 
Sergiy Gerashchenko, Garrett Good, ZW 

Shearless mixing layer (Veeravalli and W , 1989) . 

Turbulent non turbulent interface (TNI) 

Also, Turbulence‐turbulence interface (TTI) 

(No evaporation or collisions) 





RMS velocity profiles and 4th moments: Hot wire measurements 



Particle size distribution: Insert: Particles > 20 microns; 
Partcles < 15 microns. No difference  Independent of St  

NO gravity case 

Use St based on integral scale: St_l ~ 0.003 

Geraschenko, Good &  
Warhaft .  2010 



Concentration profiles TTI (squares) 
and TNI (circles): Red with g, blue no g. 

Clearly TTI enhances mixing. Gravity accounted for in terms of Stokes flow  

Geraschenko, 
Good &  
Warhaft .  2010 



Particle diameter variation across layer: Red, 

with  g, blue no g, black negative g. 

Circles TNI,  
Squares,TTI 

Geraschenko, Good &  
Warhaft .  2010 



Comparison with quiescent Stokes flow: 
Turbulence effects dominant 

in presence of gravity  
(Maxey & Corrsin (1986), Davila& Hunt (2001), Aliseda et al 

(2002) 

Geraschenko, 
Good &  
Warhaft .  2010 



3.Boundary layer with and without 
gravity 



QUESTION: How does shear affect the pdf’s of inertial particles?  The boundary layer 
experiments 

JFM Dec 2010 

Plan view 



Track characteristics‐‐boundary layer 

High speed Phantom v7.1 camera. Frame rate 8,000 fps, 512x512 pixels. 
Fiber optic cable attached to sled. Nd‐YAG, 20W pulsed laser reflected 
 from back mirror giving forward scatter at an angle of 5 degrees. 2mm. 
 depth of focus. 

Particles tracked over distance of 50 cm. Sampling area 3.3x3.3 cm.  
Inter‐sample time 0.0125 & 0.0042 Kolmogorov time units. Spatial resolution 
 0.148 & 0.097 Kolmogorov lengths. 

1500 to 3000 sled runs providing 40 to 90 million acceleration estimates. 
Track length ~ 2 to 5 Kolmogorov lengths. 

3.3 x 3.3 cm. field divided into strips and acceleration estimates were binned  
according to their locations. 

Accelerations were calculated from measured particle tracks with 
 Gaussian smoothing and differentiating filter (Voth et al. 2002). 



The mean streamwise acceleration as a function of y+ 

Squares: St=0.47, Re=240 
Circles:St=0.07;St=240 
Triangles:St=0.035,Re=100 

Open symbols‐‐experiment 
Filled symbols‐‐model based 
on Maxey‐Riley Equation. 



The rms acceleration as  function of y+ 

Squares: St=0.47, Re=240 
Circles:St=0.07;St=240 
Triangles:St=0.035,Re=100 



JFM in press 





JFM in press 





Conclusions 
Entrainment is  strong function turbulence levels (obvious). 

Concentration levels are slightly enhanced by gravity.  

Size distribution is strongly affect by gravity. 

Acceleration is strongly affected by gravity in the presence of shear 

DNS confirms the importance of gravity in the case of shear 
 (for entrainment DNS is under way) 


