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Suspension and transport of sand by saltation
and gas velocity fluctuations in a turbulent
shearing flow



Desertification

Nouakchott, Mauritania

Dune formation and migration associated with
wind-blown sand



Saltation
(sauter: to jump)

A grain lifted from the bed by a strong turbulent
eddy is accelerated by the mean turbulent shear

flow and, upon colliding with the bed, rebounds
and ejects other particles.
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The drag of the particles on the wind eventually
limits the number of particles that can partici-
pate.

At higher wind speeds, turbulent suspension,
associated with the velocity fluctuations of the
wind, becomes increasingly important, and col-
lisions between particles above the bed may
play a role in their suspension and transport.



Aecolian Transport

Two-phase, turbulent flow
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Experiments
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Continuum Theory

Particle horizontal momentum
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Particle vertical momentum:

Particle pressure

p=vT

Particle shear stress
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Particle energy flux
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Continuum Theory

Single particle trajectories without vertical drag
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Multiply by V, sum, and average
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Particle Shear Stress

Continuum versus discrete simulation

u,= 17.5, T=20,S*=0.035, a« =20
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Splash

Beladjine, et al. Phys. Rev. E 75, 061305 (2007)
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Momentum of rebounding particles
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Total number N of particles
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Velocity distribution function
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Mass flux
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Boundary-Value Problem

With M, =p=vVT,

Steady, fully-developed flow: m =0
u,=20, T =20ands, =M _=0.6v,T
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y=0: u, =20, T,=20, s=0.6v,T,, U=0
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y=210: s=0 Parameter: vV,

Include suspension by the turbulent
velocity fluctuations

Particle vertical momentum
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Turbulent suspension force
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Turbulent viscosity

Velocity fluctuations
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Boundary-Value Problem
Steady, fully-developed flow: m =0
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y=0:u,=20, T, =20, s=0.6v,T, U=0
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y=210: s=0  Parameter: v,
Influence of Suspension

S*=0.035 and 0.098

Grain Velocities

u, = 20, T =20, So = 0.61/0T, a=20
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Suspension moves the grain velocities in the
right direction.
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Air Velocities
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Influence of Suspension

Particle Concentration
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Above 50 particle diameters, suspension
increases the dimensionless decay length.



Uniform, Unsteady
(saturation time)
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Linearize about the steady solution: S~ / S; << 1
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Take S, =0.05.

Boundary conditions

oc’ ¢’

dy T

y = O S, = O6C,T, U, — O, V, — Bu,p

y=H:s"=0,S” =0.005, b’=0, c’u’=0.001
Initial conditions

t=0: =0, v'=0, U'=0, ¢’=0, S'=S"

Dimensional parameters
cgs

d=0.025, g=980, u /p, =0.15

Dimensionless parameters

u, =21.7, T =22, 6=2200, o.=20
k=041, £=0.01, f=1.35x10""

Solve the system using Matlab “pdepe”.



u'(y.t): *, =0.05, ug =21.7, S* = 0.005
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V' (y,t): 8, =0.05, ug =21.7, $*' = 0.005
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What have we done?

We’ve formulated a two-phase continuum theory for
saltation that also accommodates turbulent and colli-
sional suspension.

The theory permits boundary-value problems to be
phrased and solved for steady, uniform flows and ini-
tial-boundary-value problems to be phrased and solved
both for unsteady, uniform flows and steady, develop-
ing flows.

The solutions reproduce the distributions and feature of
flows seen in laboratory flows, including the character-
istic times for the adjustment of the different mecha-
nisms of suspension to changes in conditions.

At least one of these adjustments occurs in a non-
monotone way.



