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Dispersion = Spreading of Molecules/Particles in
Porous Media Flow; Fried (1971), Bear (1972)
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Small length scales - low Re - Laminar Stokes Flow



However: For non-Newtonian Fluids: Turbulence at
arbitrary small Re; Groisman and Steinberg, Nature (2000)
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However: For non-Newtonian Fluids: Turbulence at
arbitrary small Re; Groisman and Steinberg, Nature (2000)

Elastic response depends on Weissenberg Number Wi = 75 - A
Elastic Turbulence found for Wi > 1
Nonlinear fluids appear in the majority of porous media applications



Non-Newtonian Fluids

Non-Newtoinan Fluid: Polymer Solution:
0.1% Polyacrylamide (M,, = 1.8 x 107) in H,O
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Non-Newtonian Fluids

Non-Newtoinan Fluid: Polymer Solution:
0.1% Polyacrylamide (M,, = 1.8 x 107) in H,0O

0.2 b Relaxation Time A = 2s 8




Soft Lithography Whitesides 1998; Scholz 2012
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Laminar Flow - H,O

v =90 um/s, 400fps, Re < 107>
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Elastic Turbulence - PAAm

v = 100 um/s, 400fps, Wi = 400, Re < 107°



Elastic Turbulence - PAAm

v = 100 um/s, 400fps, Wi = 400, Re < 107°



Mean Squared Displacement
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Mean Squared Displacement
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Dispersion Coefficient
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Dispersion Coefficient
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Dispersion Coefficient
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Dispersion Coefficient
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Velocity Fluctuations
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Morphology of Flow Fields

Wi=1 Wi=108 Wi=857
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Morphology of Flow Fields
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Elastic Turbulence
—
massive enhancement of dispersion in porous
structures




Thank you for your attention



