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 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 
 

 
 
 

Friction velocity / Shields parameter  
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Air drag:  cD̂(Û − û) 
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Continuum Theory 
 

Particle horizontal momentum 
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Particle vertical momentum: 
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Particle fluctuation energy 
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Particle pressure 

 

 p = cT 
 

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  c, sum, and average 
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Splash 
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Rebounding sphere 

Ejected spheres 

Incident sphere 

Ejected spheres 

Ejected spheres 



Momentum of rebounding particles 
 

e( ) (0.87 0.72sin )′ξ = ξ = − θ ξξ  
 

y y y
0.30( ) 0.15
sin

′ξ = ⎛ ⎞ε −⎜ ⎟θ⎝
=

⎠
ξ ξξ  

 
 
 

Total number N of particles 
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Velocity distribution function 
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 c0 = πn0 / 6( ) 



Mass flux 
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Momentum flux 
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With   
!My = p = c0T0,  0

1/ 2
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u 4.6
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Boundary-Value Problem 
 

Steady, uniform flow:   !m = 0 
  

 u0 = 21.7,  T0 = 22.3 and   s0 ≡ !Mx = 0.6c0T0 
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y 0 :=    u0 = 21.7,   T0 = 22.3,   s = 0.6c0T0,  U 0=  
 

 y = H :  s 0=   cu = 0.001   Parameters:  c0 ,  H  
 

 



Predicted Profiles 
 

Concentration 
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Predicted Profiles 
 

Velocities 
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Particle Shear Stress 
Continuum versus discrete simulation 
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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 

 
T0 =
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Shear stress 

 s0 = 0.6c0T0
 

 

Mass flux 
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Expand	about	 u0
0 = 21.7,	at	which	 v0 = 0.		

	

Then	
	

  v0 ! β0 u0 − u0
0( ),
			

 β0 = 1.35×10−4

			
	



Uniform, Unsteady 
(saturation time) 
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 y = 0:
   
 s = 0.6cT,

   
 U = 0,

    
v = β u − u0( ),

     

∂c
∂y

= − c
T   

 

 T = u / 4.6( )2

  
 β = 1.35×10−4

   
 

 y = H:
    

 s = 0,
    

 S = S*0 +S*′ ,
   
 b = 0,

    

∂c
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 t = 0: steady solution  c
0(y), u0(y), v0 ≡ 0, U0(y). 



Linearize about the steady solution:  S
*′ / S0

* <<1  
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Take  S0
* = 0.05. 

 
Boundary conditions  

 

 y = 0:
		
 ′s = 0.6 ′c T,

		
 ′U = 0,

		
 ′v = β ′u ,

		 

∂ ′c
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= − ′c
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 y = H:
		
 ′s = 0,

		
 S

*′ = 0.005, 	
	
 ′b = 0,	

 

∂ ′c
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= − ′c
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Initial conditions 

 
 t = 0:

  
 ′u ≡ 0,

  
 ′v ≡ 0,

  
 ′U ≡ 0,

  
 ′c ≡ 0,

  
 S* = S*′

  
 

Dimensional parameters 
cgs 

 

 d = 0.025,    g = 980,    µf / ρf = 0.15 
 

Dimensionless parameters 
 

 u0
0 = 21.7,     T

0 = 22.3,     σ = 2200,     α = 20   

 

 H = 101,    κ = 0.41,     ε = 0.01,     β = 1.35×10−4
  

 
 
 

Solve the system using Matlab “pdepe”. 
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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. 


