Linear scaling of wind-driven sand flux with shear stress
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ABSTRACT: SALTATION HEIGHT VERSUS SHEAR VELOCITY: LINEAR SALTATION FLUX LAW.: “Excess stress” INTERPRETING THE LINEAR FLUX LAW
* Uncertainty about the relationship between aeolian saltation flux and Saltation height, z,, is e-folding height for flux profile: U, it 5 2 * Our observations provide the first strong field-based evidence
wind shear stress hinders understanding of earth and planetary > Q — CQ — Toy — Tex =T r,-vq)f(u* U i) for a linear (as opposed to 3/2) flux law.
geomorphology and atmospheric dust generation. q(z) = qoexp | — - 9 ' Representsrate of i T . * Past field work: Insufficient data to resolve flux law
* Here, we investigate the saltation flux law based on data from three 015 \particle momentum e ——” (e.g., Sherman and Li, 2012)
field campaigns yielding comprehensive data of unprecedented scope. £ (@) Constan’F mean dissipation through Tvew +  Past experiments: Insufficient development of saturated
* Our observations show that mean saltation layer height remains :; . #) * (# hop time collisions with bed flux (e.g., Rasmussen et al., 2015) or suppression of
constant with changes in shear velocity, indicating constant mean = 01 f H’ " b 4 o Jericoacoara S IR r— saltator hops (e.g., Liand McKenna Neuman, 2012).
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* Based on this, we predicta linear relationship between saltation flux i o5l ® N k . Il » :;lamiﬁas (2|0023(212 ok dominance of splash entrainment mechanism which requires
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and shear stress scaled by the typlcal duration of saltation hOpS. % > @ PP, 34 I > Farrelletal { ) IE : /L ] constant near-surface particle Speeds at Steady_state
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* Direct stress-flux comparison strongly supports inference of flux law ;7:3 S 40 | :  Therefore, expect constant saltator heights and linear flux law
with saltation flux increasing linearly with excess shear stress. Qe i ] for all cases with particle entrainment dominated by splash:
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* We expecta linear relationship to hold in other environments (e.g. Shear velocity, u, (ms™') g 301 : * In aeolian case, splash entrainment dominates and V is
Mars) with large particle-fluid density ratios. _ ; constant and Q~T (Q~u?).
02 . = 250 - g 20F ] « H ' '
o ; ; = . : owever, In fluvial case (e.g., Lajeunesse et al., 2010)
| (b) ] ] Ny (C) ] § ’ ’ ; )
n - - —_— : ® : : 3/2 ~a 3
< ; ; 500 b 3 fluid entrainment and V~u, and Q~t°/< (Q~u;).
| : > 10 - ;
. — 0.1} : ' : . . . . .
SALTATION FLUX LAW DEBATE (LINEAR VS. NONLINEAR 3/2)_. é M E [b |T ° Hypothes,s: Contrastis set by partlcle-ﬂu'd densrty
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* T (Pa) —shear stress & + § 2100 | : Excess shear stress, 7., (Pa) * Extension to planetary surfaces (e.g., Pahtz and Duran, 2016)
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: D : = ' S 5ol ; lizes flux b Source Scaling value Environment Particle-fluid density | Flux law type
Q = DV (Particle concentration * Particle speed) 3 % - normalizes TIux by excess stress, Tgy, for flux law. C tio: s —
: : - : ' | 2 and characteristic saltation hop time el ratio: s = pp/py
* Mean particle concentration @ scales linearly with excess stress 7., S Y- = | U " | Jericoacoara 79 +0.9
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_ . . Particle diameter, d;, (mm) Particle diameter, d;, (mm) Rancho Guad. 6.0+0.5
 Mean particle speed V is controversial: , _ . , _ Venus 40 “
o * Observations mostly suggest little to no change in saltation height . Oceano 6.3+0.9 .
 Most existing flux laws (e.g., Bagnold, 1941; Owen, 1964) assume . : Titan 190 ?
. z, with shear velocity (u,). Calculate scaling parameter, C Kok etal. (2012) 5
V~u. and therefore predict : : C : T L Earth aeolian 2000 Linear
,  Using median surface grain diameter, d-(, to nondimensionalize based on mean value of Q.
 Recenttheory (e.g. Ungar and Haff, 1987) and experiments (e.g. : : : 2 . c . :
, ] saltation height, z, explains most variability among sites. 10 Mars 2.5%X10 Linear predicted
Ho et al., 2011) alternatively support V constant with u, and A AR -
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Further, V is related to saltation layer height z, as: V /zq (Owen, 1964) Q — PV (Partlcle concentration * Particle speed). 1] : 8 | Il : 10 P
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* Therefore, determmlng z, versus u, should resolve Q vs. T scaling Excess stress (T, = T — T;¢) is balanced by particle momentum dissipation at bed: c:' 7k P . lo 10 Linear predicted
’ ) I b ¢ ¢ ] 12 . .
— — — =T ] Comets e.g., 10 Linear predicted
Tex Tp MV(l e). [2] E 6 - <L’ 0{ & ¥ ¢ - g p
M = mass collision rate and e = restitution coefficient. Resultingconcentration is: = '
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