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 Large Eddy Simulation
 RANS Models

- Stress Transport Model
- Two-Equation Models
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- Filtered White Noise
- Eddy Life Time

 Pdf – Based Model



)t(
T

2
Tdt

d

L

______
2

i

L

ii 






uuuu i )t(
T

2
Tdt

d

L

______
2

i

L

ii 






uuuu i





 



d
uu

)t(u)t(uT
0

pp

____________________
pp

L 



 



d
uu

)t(u)t(uT
0

pp

____________________
pp

L

Instantaneous Velocity

Lagrangian Time Macro-Scale

Thompson (1987)
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Instantaneous Velocity

Iliopoulos et al. (2003) and Dehbi (2008) included the drift term
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Assumptions: Dilute Flows, One-Way Interaction,
Neglect Particle Collisions 



Spectral Intensity

Particle Relaxation Time

White Noise Model
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Tian and Ahmadi (2007)
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Ounis, et al. 1993 
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Quadratic  Variation Near Wall Quadratic  Variation Near Wall 
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Vertical Ducts 

Effects of 
Subgrad Scale



Vertical Ducts 
Effects of Shear Velocity 
and Density Ratio

Turbulent Flow

DNS



Horizontal 
Ducts 

Effects of Shear Velocity 
and Density Ratio

Turbulent Flow

DNS
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Effect of Mass Loading

Two-Way Coupling

Particle Collisions

Four-Way Coupling

Turbulent Flow

DNS
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ŷx̂ẑx̂ẑ
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ẑ TII
dt

dI 


Translational Motion

Rotational Motion
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ẑẑ
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Equivalent Relaxation Time Shapiro-Goldenberg
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Hydrodynamic Torque
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Equivalent Relaxation Time (Fan-Ahmadi)
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Euler Parameters

Euler Angles
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Deposition rates of glass fibers and the equivalent spheres.

Laminar Flow
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Glass fibers in horizontal pipe 
Laminar developing and in parabolic flows 
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Comparison with 
Experimental Data
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Comparison of creeping and non-creeping drag   

2,0   2,0  

Tavakol et al. (2015)



Comparison of creeping and non-creeping drag   

5,90   5,90  

Tavakol et al. (2015)



Comparison of creeping and non-creeping torque  

5 5

Tavakol et al. (2015)



Creeping and Non-creeping ModelsCreeping and Non-creeping Models Laminar Pipe Flow, 
a=10µm, β=5
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 Aspect ratio plays an important role on ellipsoidal 
particle deposition rate. 

 The simulation results for deposition velocity are in 
good agreement with the experimental data.

 Deposition velocity increases with fiber aspect ratio.

 Effect of gravity on particle deposition velocity
depends on the magnitude of shear velocity.

 The gravitational sedimentation enhances the
deposition rate on the lower wall in horizontal
duct flows.
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