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The Sand Gang in the 1970s
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The Sand Gang in the 1980s
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Ralph Alger Bagnold, 1896 — 1990
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The hyperbolic distribution - 1941
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Bagnold (1941): The Physics of Blown Sand and Desert Dunes, p. 115
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The hyperbolic distribution - 1977

Barndorff-Nielsen (1977):

] VA ()
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The hyperbolic distribution - 1977

Barndorff-Nielsen (1977):

] VA ()

The generalized hyperbolic distribution:
2 — 2

(y/6)* .Kk% (a\/(S +(x—p) )

27K, (& 3

V2K, (o) (m/a)z

. g1
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The hyperbolic distribution - 1977

Barndorff-Nielsen (1977):

] VA ()

The generalized hyperbolic distribution:

2 — 2
o)y Ky (o v/ w7 P
V2rKy (s 3
mKa(y) (m/a)z
The normal-inverse Gaussian (NIG) distribution:
2 _ 2
ab . Ki (/3 + (x—p)) o
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Size distributions: a breakage model, Kolmogorov(1947)

Grain size after N breakage events:

N

Sv=s[](1-D)

i=1
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Size distributions: a breakage model, Kolmogorov(1947)

Grain size after N breakage events:
N
SN = Sy H(1 - D;)
i=1

N
log Sy = u + Z B;, where u = log(so), B; = log(1 — D;)

i=1

L«/T\l (Z B - Nb1> 2, N0, bs)

i=1

as N — oo, where by = E(B;) and b, = E(B?)

log Sy ~ N(u + Nby, Nby)
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Size distributions: a breakage model, 2015

Grain size at time t: Si=sp H(1 - D))
i=1

N; number of events that cause breakage, Poisson (1)

Nt

log Si =pu+ Z B;, where u = log(s), B; = log(1 — D;)

i=1
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Size distributions: a breakage model, 2015

Grain size at time t: Si=sp H(1 - D))
i=1

N; number of events that cause breakage, Poisson (1)

Nt

log Si =pu+ Z B;, where u = log(s), B; = log(1 — D;)

i=1

Up(t) = % (Zt B,-—/ltb1> 2, N(0, th,)

i=1

as A — oo, where by = E(B;) and b, = E(B?)

Iog St ~ N(/J + /ltb1 N /ltbg)
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Size distributions: a breakage model, 2015

Suppose grains move according to a Brownian motion with drift v and
diffusion coefficient -2

Then a grain arrives at the deposit at time v ~ IG(a/o, v/o),

a = distance between the source and the deposit
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Size distributions: a breakage model, 2015

Suppose grains move according to a Brownian motion with drift v and
diffusion coefficient a2
Then a grain arrives at the deposit at time v ~ IG(a/o, v/o),

a = distance between the source and the deposit

|Og ST|T =t~ N(/,l +/lb1 t,/lbgt)

when A is sufficiently large, so

log S, ~= NIG(a, .6, 11),

where
a = \/bf/b22+v2/(0'2/lb2)
= bi/b2
s = 2./,
o
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Size distributions: a breakage model, 2015

t = a/vis the average travel time of a grain

Define =2ty w= Vic2/(tv) o= \/ba/by

mean = u+46
variance = 6b;(Afw® + c?)
1
X = - =
V(1 +c3/(Atw?)) (1 + w2)
1
g =

Vitar
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The transport rate and air borne shear stress

TRANSPORT RATE: Q = ¢ - MEAN JUMP LENGTH
¢ = MASS FLUX FROM THE BED INTO THE AIR
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The transport rate and air borne shear stress

TRANSPORT RATE: Q = ¢ - MEAN JUMP LENGTH
¢ = MASS FLUX FROM THE BED INTO THE AIR

Owen (1964)

pr = AIR BORNE SHEAR STRESS + GRAIN BORNE SHEAR STRESS
= Ta(y) + To(y)

U, shear velocity in the grain free wind, p density of air

Grain borne shear stress at height y: ~ T,(y) = dv(y)

v(y) = the average increase of the horizontal velocity component of a
saltating grain while it is above the level y
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A simple saltation model: the wind

AIR BORNE SHEAR STRESS AT THE BED: T,(0) = npl?, O <n <1
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A simple saltation model: the wind

AIR BORNE SHEAR STRESS AT THE BED: T,(0) = npl?, O <n <1

*

It follows that
® = pU? (1 -7)/v(0)
Toy) =pU2(1 -n)a(y).  a(y)=v(y)/v(0)
By eddy viscosity/Prandtl turbulence closure (and an approximation):

U(y) = «'U. [In(y/yo) = (1 = V) b(y)]

where k = von Karman'’s constant and

b(y) = /Y z'a(z)dz

Yo
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A simple saltation model: the grain motion

X =H(v)(U(y) - x)
y+g+H(Wv)y=0

(x(0),y(0)) = (0,0) (x(0),y(0)) = (v?,v8) is random

H(v) = D(v)/(mv)
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A simple saltation model: the grain motion

X =H(v)(U(y) - x)
y+g+H(Wv)y=0

(x(0),y(0)) = (0,0) (x(0),y(0)) = (v?,v8) is random

H(v) = D(v)/(mv)

Owen (1964): D(v) =év H(v) =t

t. is the response time of a grain to changes in the wind speed

x(t) /’ (1-e ) U(y(s))ds + t.v) (1 - e™'")

y(t) = t(vi+v)(1-e ) -yt vi = gt,
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A simple saltation model: the transport rate

Q=9o-x(t) t; impact time

tj
W) = U / (1 - o911 ) log((s)/yo)ds
0

(1= V7) [ (1= et by(s)as | + (-7,
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A simple saltation model: the transport rate

Q=9o-x(t) t; impact time

X(t,') = K_1 U*

1
/ (1 - e~t=s)tYlog(y(s)/yo)ds
0

(1= V7) [ (1= et by(s)as | + (-7,

& =pUZ(1-)/v(0)

p%ga =(1-n)[e+BVr+vy/U.]

Bagnold (1941): Q « pg~'U®
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A simple saltation model: the transport rate

Q=9o-x(t) t; impact time

tj
W) = U / (1 - o911 ) log((s)/yo)ds
0

(1= V7) [ (1= et by(s)as | + (-7,

& =pUZ(1-)/v(0)

Qg
pU2

=(1-n)[e+pVr+y/U.]

Bagnold (1941): Q « pg~'U®

Serensen (1991, 2004, 2013), Duran and Herrmann (2006)
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Owen (1964)

AIR BORNE SHEAR STRESS AT THE BED IS EQUAL TO pU?,
FORALL U, > U,

U.. shear velocity at the impact threshold

2
T = %20 = V_2
U ) . .
V= dimensionless shear velocity
*C
Qg 2 —1
o5 (1-V?) [a+pVT]
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Keld Rgmer Rasmussen
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A simple saltation model: lift-off velocity

(x(0),¥(0)) = (v?,v2) is random

Probability density of vy:

plse™ + (1 -p)r,e™™, 0<p<i

Saltators: E(W2v9) =«v  k=cot(a), a=230

Reptators: v =0

Model fitted by least squares to data for grains of size 310 u:

Horizontal and vertical velocity components of grains going up and grains
going down at 9 heights: 0.3, 0.5, 0.8, 1.5, 2.0, 2.5, 3.0, 4.5, 6 cm

4 shear velocities: 31, 44, 66 and 103 cm/s

Slide 19/29 — Michael Serensen — Sand, Wind and Stochastics — Probability, Statistics and Their Applicarions, Aarhus, June 2015



UNIVERSITY OF COPENHAGEN DEPARTMENT OF MATHEMATICAL SCIENCES

A simple saltation model: parameter estimates

p=0.33

Mean number of grains ejected by an impinging saltator: n = ‘P%p =2.02

1/4s = 31 cm/s

1/4, =7 cm/s
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Vertical velocity component of grains going up

320 mu
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Vertical velocity component of grains going down
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Horizontal velocity component of grains going up
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Horizontal velocity component of grains going down
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Transport rate profile
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Flux from bed to air

320 mu

Sand flux from bed
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Grain borne shear stress profile

320 mu, shear velocity 44 cm/s
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Shear velocity at the bed
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Owen (1964) hypothesised that the air borne shear stress at the bed is
constantly equal to pU?, for all U, > U,
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THANK YOU OLE!
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THANK YOU OLE!
CONGRATULATIONS!
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