Clarkson

nnnnnnnnn

Spherical and Non-Spherical
Particle Transport and
Deposition in Turbulent Flows

Goodarz Ahmadi

ahmadii@clarksom.edu

Coullter School of Emgineerimg
Clarksom University, [Potsdlam, NY I13699-5700



O u e Skon

Introduction

Spherical and Fiber Transport
and Deposition

RANS Computational Models
DNS Model

Deposition Results
Conclusions

VYV V

VV V V



Turbulence Vodeling sarses

> Direct Numerical Simulation
» Large Eddy Simulation

» RANS Models

- Stress Transport Model
- Two-Equation Models



Inst@mtam@@mg T@lﬂb}‘@llent Clarkson

111111111

> Direct Numerical Simulation
» Subgrid Scale Simulation

> Gaussian Models
- Filtered White Noise
- Eddy Life Time

> Pdf — Based Model



Instantaneous Turbulent . 1on

University

Fluctuation Velocity

Instantaneous Velocity Thompson (1987)

Lagrangian Time Macro-Scale
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Instantaneous Velocity

Iliopoulos et al. (2003) and Dehbi (2008) included the drift term
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Particle Fguation Saises
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Particle Relaxation Time
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Particle Deposiiion In a Duct Gerkson
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article Deposition in 2 Duct Gerkson
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Quadratic Variation Near Wall

Hinze, 1975 ﬁ wy? y >0
V+ :Ay+2 y+ <4
y+:y7u* oo A=0.008

Ounis, et al. 1993

Li and Ahmadi, 1993 (DNS)
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RSM with two-layer vs. near wall correction by Li & Ahmadi (1993)
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Turbulent Flow
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Particle Deposti

Turbulent Flow

DNS
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Deposition Velocity

Effect of Mass Loading
Two-Way Coupling
Particle Collisions

Four-Way Coupling
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Fiber Equation of Motion Caskse

Translational Motion
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Equivalent Relaxation Time (Fan-Ahmadi)

Hydrodynamic Torque
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Schematics ot Ellipsoidal Fiber Sesksen
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Transtormation Matrix . xon

and Euler Parameters """ "
Euler Angles

| cosycosd—cosOsingsiny  cosysing+cosOcossiny  sinysing |
—sSinycosd—cosOsingcosy —sinysing+cosOcoshpcosy Ccosysinod
sin@sing —sinBcosd cos 0O
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Fiber Deposition Rate carksen

Laminar Flow
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Fiber Deposition Rate carksen

. (@) Q =0.5L/min . (b) Q =1.6L/min
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Turbulent Flow
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Fiber Deposiiion Velocity Gerssen

0

Turbulent Flow ' ‘
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Empirical Equation for clarkson
Fiber Deposition Velocity """

At 4Bt 9L,
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Angular Fber Deposiion Yelocty Slesksen
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Ellipsoidal Particles Shrse

Comparison of creeping and non-creeping drag
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Ellipsoidal Particles Shrse

Comparison of creeping and non-creeping drag
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Ellipsoidal Particles Shrse

Comparison of creeping and non-creeping torque
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Fiber Transport and Deposition Grkson
Creeping and Non-creeping Models
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Conclusions e

= Aspect ratio plays an important role on ellipsoidal
particle deposition rate.

" The simulation results for deposition velocity are in
g00d 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 tlows.
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