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Ø   Aerosols are suspension of solid or             
     liquid particles in a gas. 
Ø   Dust, smoke, mists, fog, haze, and 
     smog are common aerosols. 
Ø   Aerosol particles are found 
     in different shapes. 
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Comparison of creeping and non-creeping drag    
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Comparison of creeping and non-creeping torque    
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Comparison of creeping and non-creeping torque   
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Stopping Distance = Penetration distance for 
an initial velocity of uo 
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Diameter, 
µm  
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Velocity 

τ sec  Stopping 
Distance 
u= 1 m/s  

Stopping 
Distance 
u= 10 m/s  

0.05 0.39 µm/s 4×10-8 0.04 µm 0.0004 mm 
0.1 0.93 µm/s 9.1×10-8 0.092 µm 0.0009 mm 
0.5 10.1 µm/s 1×10-6 1.03 µm 0.0103 mm 
1 35 µm/s 3.6×10-6 3.6 µm 0.0357 mm 
5 0.77 mm/s 7.9×10-5 78.6 µm 0.786 mm 
10 3.03 mm/s 3.1×10-4 309 µm 3.09 mm 
50 7.47 cm/s 7.6×10-3 7.62 mm 76.2 mm 
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§   Introduction to Aerosols  
§   Drag Forces  
§   Cunningham Corrections 
§   Lift Forces 
§   Brownian Motion 
§   Particle Deposition Mechanisms 
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•   Use of the concept of ‘stopping distance’ as a 
 sink boundary condition for particle 

•   Assumptions for free-flight velocity  
•   Equality of particle mass diffusivity to the 

 turbulence eddy diffusion. 
•    Ignoring the effects of density ratio, Reynolds 

 number, and scales of turbulence. 
•   Ignoring the effects of lift force. 
•   Ignoring the effects of coherent eddies and 

 bursting phenomena. 
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•   Suspended particles diffuse to a certain 
 distance from the wall by turbulent diffusion 
 before being entrained in a down-sweep. 

•   The flow in a down-sweep may be 
 approximated as a two-dimensional stagnation-
 point flow in the sub-layer. 

•   Only Stokes drag is acting on the particles. 
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Fan and Ahmadi  

[ ]

( )

14.0uif

otherwise14.0

)
037.0
g1(L1

037.0e81

)L1(01085.0
Lg

42.3

)L1(01085.0
Lg

2
dk64.0

2
1Sc084.0

u d

L1/1

1
2
p

32/)10(

1
2
p

1
2
p

1
2
p

1
2
p

2

3/2

d

1
2
p

2
p

<

⎪
⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪
⎪

⎨

⎧

+τ−

+×

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

τ+

τ
+

τ+

τ
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

+

= +

τ+

+
++

−τ−

++

+++

++

++++
+

−

+

++

+

Empirical Model 



Rough Wall  

Empirical Model 
Predictions 





Ellipsoidal fiber particles  
§  Non-isometric 

§  Non-Isotropic behavior  

§  Orientation dependent 

Spherical particles   
§  Isometric 

§  Isotropic property 

§  Orientation independent 
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Governing Equations 
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Empirical Equation for Flexible String Deposition 
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4 Semi-Empirical Models 
4 Free Flight Models 
4 Flow Structure Models 
4 Sublayer/Burst Models 
4 Deposition on Rough Walls 
4 Fiber Deposition 
4 Flexible Fiber Deposition 



Ø   Direct Numerical Simulation   
Ø   Large Eddy Simulation 
Ø   Stress Transport Model 
Ø   Two-Equation Models 
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Ø   Direct Numerical Simulation 
 

Ø   Subgrid Scale Simulation 
 

Ø   Gaussian Models 
  - Filtered White Noise 
  -  Eddy Life Time 

 

Ø   Pdf – Based Model 
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Joint Velocity, Velocity-Gradient pdf 
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Langevin’s Equation for Velocity and Velocity Gradient 
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Spectral Intensity 

Particle Relaxation Time 

White Noise Model 
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Ounis, Ahmadi and McLaughlin (1991) 



CRCD Web-Based 
Course Module 



Dt2)t(x2 =
Simulations        



g 

He and Ahmadi (1999) 
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Laminar Flow 
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Deposition in Turbulent Flows 





Fiber relaxation Time 





Creeping and Non-creeping Models Laminar Pipe Flow, Q=1.6 
L/min, D=4.2mm, L=70cm 
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Ø    Using RANS for simulation of 
 particle and fiber transport needs 
 cares.  

Ø     RANS could be used for providing 
 useful information for practical 
 applications. 

Ø     Computational modeling could 
 helps in optimizing industrial 
 processes 
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