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Fluid flow with friction and capillarity

Top view:

Side view:
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Particle-particle interactions transmit stress to the wall



Labyrinth topology

Both displaced (land) and displacing (sea) structures
are simply connected.
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Backbone and dead ends of several generations



Existing labyrinths

Disconnected element




Existing labyrinths
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A result of folding of a circle

Folding of 2D structures:

Folding of a 1D structure.

How may the geometry be characterized further ?




Vigeland park (another folded 1D structure




Random walk on labyrinth

Discretise image, E;%,
introduce walker - 33{

in center



r=4 mm r=1cm r=8cm

Averaging over

Mean square displa¢ement averaged over 100 walks
random walks started U T S
L - - Linear fit slope 0.50 1
in the center . . :
N\\Z O_ |
%ﬁ I ,
—_— Ri= /,o |
)

Simulated labyrinths with finger width 1 cm '

e B S S B B S

Anomalous diffusion with a =0.5

oo 30cm Normal diffusion with a =1




Averaging over
random walks started

in the center

Simulated labyrinths with finger width 1 cm

e 130 cm

r=4mm r=1cm r=8cm

cement averaged over 100 walks
I

Mean square displa
2 T T T ‘ T | T ‘ T T
L Linear fit slope 0.87 | _g* g i
- - |Linear fit slope 0.50 |

A

log, (< (>)
7

-2 ‘ 1 ‘ 2 3 4
log,, ()

Anomalous diffusion with a =0.5

Normal diffusion with a =1



Experimental labyrinths and comparison

Mean square displacement averaged over 100 walks
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Simulation




Anomalous diffusion

In general a random walk is described as

N
Z = (ra) ()N (t)

Resu |ting in normal d ifoSion <‘T'2 (t) > _ 2Dt if PHYSICS REPORTS (Review Section of Physics Letters) 195 Nos 4 & 5 (1990) 127-293 North-Holland
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Diffusion
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The ant in the labyrinth P.G. de Gennes, La Recherche 7 (1976)
Diffusion on percolation clusters.
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Theory for subdiffusion due to long waiting
times

Conjecture (r%(t)) ~ (r%(t))

(r3(t)) = Sp_y(r2) = (r2)N

The waiting times 7 to return to the backbone is distributed as

1
P(7) 7]
N o t'/?
2 1/2
Length along backbone r; (re(t)) ~t
N E W Montroll and H Scher, J Stat Phys 9 (1973) 101 Diffusion on combs J Machta, J Phys A 18 (1985)



Lower packing fraction

Mean square displacement averaged over 100 walks
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Diffusion on land

Inverted constraints - diffusion on grain packing

Mean square displacement averaged over 100 walks
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Diffusion on land or water -- comparison

Inverted constraints - diffusion on grain packing

Mean square displacement averaged over 100 walks
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Steady heating by constant Cin center —a
different diffusion problem

A fixed number 10random walkers is
maintained in the small central disk



Maintaining a constant concentration
in the center

Transport rates:

% absorbed in a 2D labyrinth
M x Cq 1?(;:1/a) in 2D open space

p— in 3D open space

T(I

Delayed absorption or desorption — a potentially useful
property for controlled drug- release.



Steady heating by constant Cin center,
diffusion on land
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Summary

* Diffusivity characterizes geometry in a non-trivial way
e Structures quickly enterregime of anomalous diffusion( r <« t.=1/2D) )

* Experimentally feasible
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Diffusion on a boulder field




Diffusion on a boulder fie




Diffusion on a boulder field

Mean square displacement averaged over 100 walks

®
- | ® Boulder field image
Linear fit slope 0.87
— - Slope of 1
/ ‘
7
(7
7
- / /
b 4
; 7’
. ', ]
/
s,
/
7/
® 7/ |
]
®
| | | | | ! \ !
3 -2 -1 0



Steady heating by constant Cin center,

diffusion without boundaries 05— .

W

log, (mass)
=
<
Il

2
log , (P"0)

A fixed number of 10 random walkers
is maintained in a small central disk of
variable size,
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Making the ansatz that the mass
M(t) = By 3)
) logyo(t/a)
implies that

Z(t) = 100810 (t)—log1o(M) _ log,(t) ;10810(0) (4)

which is indeed seen to hold with B ~125 and a ~ 0.025 s s. The time ¢,, is in units that are linked to the step length
of the random walker, and ¢, = 9 10*n s where n is the integer time step. The only time-scale available in the
problem is the one given by the inner circle radius r. = 3 mm, and the diffusivity D = (1/2)cm?/2, i.e. 7 =2r2/D =
0.09 s which is of the same order of magnitude as a



The patterns

Simulation
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Backbone and dead ends of several generations




Steady heating by constant Cin center,
diffusion without boundaries
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The ant in the labyrinth P.G. de Gennes, La Recherche 7 (1976)
Diffusion on percolation clusters.
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