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Thompson (1987)   
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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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Ounis, Ahmadi and McLaughlin (1991)Ounis, Ahmadi and McLaughlin (1991)
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CRCD Web-Based 
Course Module
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He and Ahmadi (1999)
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Wood Eq.(34)
Fan & Ahmadi Eq.(38)
Fan & Ahmadi Eq.(38) with
gravity in flow direction
Papavergos & Hedley
Li & Ahmadi
He & Ahmadi
RSM & "Two-layer"
k- & "Two-layer"
k-, "Two-layer" & Eq.(23)
RSM,"Two-layer" & Eq.(23)
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Tian and Ahmadi (2007)
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Li and Ahmadi, 1993 
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Ounis, et al. 1993 
(DNS)

Quadratic  Variation Near Wall Quadratic  Variation Near Wall Particle and fiber deposition
in human lung and nose
Particle and fiber deposition
in human lung and nose

EPA

NIOSH

The schematics of multi-level 
bifurcation model

At interface aa’:

(a) velocity magnitude 
(b) x- velocity
(c) y- velocity
(d) turbulence kinetic energy
(e) turbulence dissipation rate
(f) Reynolds stress uu
(g) Reynolds stress vv 
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1 µm

Translational Motion

Rotational Motion
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Translational Brownian Force

Rotational Brownian Torque
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Ellipsoidal Fibers 
Duct Flows

DNS
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d = 0.1 μm, aspect ratio = 12, 
length = 1.2 μm 
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Zhou et al. (2007): Cast A, 40-60L/min
Zhou et al. (2007): Cast B, 40-60L/min
Zhou et al. (2007): Cast A, 15L/min
Zhou et al. (2007): Cast B, 15L/min
Wang & Hopke (2008): 15-22L/min
Sim. 60L/min, u* = 0.86m/s
Sim. 60L/min, u

*
 = 0.53m/s

Sim. 60L/min, u
*
 = 0.20m/s

Sim. 40L/min, u
*
 = 0.53m/s

Sim. 15L/min, u
*
 = 0.53m/s

Sim. 15L/min, u
*
 = 0.20m/s

Sim. 15L/min, Laminar

Velocity magnitude contours in the nose.

NIOSH



9/26/2013

7

Particle size (nm)
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Ultra fine Particles 
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• Deposition was influenced by
anatomy

• Fibers deposit less frequently
than spheres

7th International Conference on Multiphase 
Flow ICMF 2010, Tampa, FL, USA

Case Study

Before Septoplasty

After Septoplasty

CT Scan Images

Abouali et al. (2012)

Before Septoplasty After Septoplasty
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Before Operation After Operation

Abouali et al. (2012)

Q=7 L/min

The stream lines of the airflow (colored by velocity 
magnitude 

Effect of Thermal 
Plume and facial 

features

Effect of Thermal 
Plume and facial 

features

Air temperature =20oC 

Mannequin surface temperature = 34oC
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Sajadi et al. (2013)
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One-way coupling

Four-way coupling, 
M.L.=20%

Four-way coupling, 
M.L.=40%

Mean Flow Direction



9/26/2013

12


du



Effect of Mass 
Loading

Two-Way Coupling

Particle Collisions

Four-Way Coupling

 Using fundamentals of  
multiphase flows provides a 
better understanding of
environmental and biomedical 
systems

 Computational modeling helps in
optimizing industrial processes
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