Saturation Times 1n a Two-Phase
Continuum Theory for Windblown Sand

Jim Jenkins
Civil and Environmental Engineering
Cornell University

Alexandre Valance
Institut de Physique de Rennes
Université de Rennes 1

For saltating particles in a uniform turbulent
shearing flow, determine the time to restore a
steady state after a change in wind speed.



Aeolian Transport

Two-phase, turbulent flow
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Continuum Theory

Particle horizontal momentum
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Particle fluctuation energy
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Continuum Theory

Single particle trajectories without vertical drag
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Multiply by C, sum, and average
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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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Mass flux
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Boundary-Value Problem

Steady, uniform flow: m =0
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Predicted Profiles

Concentration

d=0.025 cm, p /p, = 2,200, j1/p, = 0.15; S" =0.035 to 0.090 by 0.015
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Predicted Profiles

Velocities

d=0.025 cm, p /p, = 2,200, j1/p, = 0.15; S’ =0.035 to 0.095 by 0.015
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Particle Shear Stress
Continuum versus discrete simulation

u,= 17.5, T=20,S*=0.035, a« =20

- Discrete Simulation
= Contniuum model
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Uniform, Unsteady
Phrase an initial-boundary-value problem to describe the ad-
justment of an initially steady flow to an abrupt change in
wind speed.

Pressure

2

Yo

T =
" (4.6)

Shear stress

S, = 0.6COTO

Mass flux

39 ¢ T’ T 1127 —(40-u,)?
CVy=—5——"—024+0.63 —= | e "
nu (40—-u ) 20u,

2
_uo

4442 ¢, i
— 5 c 0
T T

0

Expand about u, =21.7, at which v, =0.

Then
vo=B,(u,—u)), B, =1.35%x10"



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

y=0:8"=0.6¢"T, U'=0, v/ =fu’, o’ __¢
dy T
p; %/ , ac' C’
y=H:s"=0,S =0.005 b"=0, __=
dy T

Initial conditions

t=0: u'=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° =22.3, 6 =2200, o= 20
H=101, k=041, £=0.01, B=1.35%x10"

Solve the system using Matlab “pdepe”.
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V' (y,t): 8, =0.05, ug =21.7, $*' = 0.005
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What’s been done?

A two-phase continuum theory for saltation, which can
also accommodates turbulent and collisional suspen-
sion, has been formulated.

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.



