Monoclinal waves in granular flow:
The interplay between
nonlinearity and slow diffusion
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An iconic example: the KdV soliton
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A balance between:  non-linearity & dispersion




Phenomenology

monoclinal flood wave



Mathematical model:
Saint-Venant equations
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Rheological law 1: the friction coefficient u(4, i)
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Rheological law 2: the viscosity coefficient v({)
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Basic solution: steady uniform flow

Friction balances Gravity




Balance of forces .
negligible

O, O [, _ : 0 _ u
0=-—(h )——(hu2)+ hg sin g——(%ghz cos{)—y(h,u)hg cos& +v — —
ot oX A OX A A 0 OX
inertial forces gravity pressure gradient friction viscous forces
| '
,"—?. 0.16695 Ek 0.14375 + 0.14001
— D.l(}b‘)‘ii 0.14377 , 0.14001 ;
: + 0.00019 P
ressure gradien "‘"‘1[}_? > w]{}—15
T rtial foroes P 0.00017 * . h.,.
nertial forces ~10~% < ~10-2
[CViscous force) 110 ~10° 4 & P ~107 b 1071

X



Inviscid limit (v — 0)
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The non-dimensional system
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Creeping flow limit (F_ << 1)
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Creeping flow limit (continued)
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Taylor expansion
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nonlinearity vs. slow diffusion

aﬁ a ( ﬁlj .............. “
Continuity: — =0 :
ot OX
@Nﬁ:e/z 1+y(£) oh [3/2
Closure: ~ ~
tand, —tand oX
oh 2 1+y()
ot 7 tan £, —tan

nonlinearity VS. slow diffusion



Numerical results
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Numerical results (continued)
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Conclusion

The shape of a granular monoclinal wave
in the creeping flow limit (F << 1)
s determined by the competition
of two opposing mechanisms:

nonlinearity and slow diffusion
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