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Experimental investigation on Rayleigh-Taylor
instability in confined porous media
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Convection in porous media
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oA Transition from two- to three-dimensional flows

Physics of Fluids
* Rayleigh-Taylor (RT) instability  Homogeneous and isotropic porous medium
 Two fluids of different density * Incompressible flow
» Unstable configuration * Low-Reynolds number (Darcy flow)

 Time-dependent flow dynamics
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P Transition from two- to three-dimensional flows

Physics of Fluids

* Rayleigh-Taylor (RT) instability
 Two fluids of different density

« Unstable configuration
 Time-dependent flow dynamics
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Homogeneous and isotropic porous medium
Incompressible flow
Low-Reynolds number (Darcy flow)
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Ultimately, the velocity of a light fluid parcel
should not exceed the buoyancy velocity
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as a result of balance between gravity and
friction
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oA Scaling for the mixing length

Physics of Fluids
* Rayleigh-Taylor (RT) instability  Homogeneous and isotropic porous medium
 Two fluids of different density * Incompressible flow
» Unstable configuration * Low-Reynolds number (Darcy flow)

 Time-dependent flow dynamics

By = -2 _ pg
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= Ultimately, the velocity of a light fluid parcel
should not exceed the buoyancy velocity
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Scaling for the mixing length

simulations
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102 ' 5 Proposed fitting

Simulations
De Paoli, Zonta & Soldati, Phys. Rev. Fluids (2019)
Boffetta et al., Phys. Rev. Fluids (2020, 2021)

Anomalous scaling is observed in 2D
RT convection in porous media, but
h(t) scaling is not anomalous in 3D

Finite-size (i.e., finite Ra or finite ¢)
effect? Due to initial acceleration?

Anomalous scaling
h(t) ~ th2 # ¢
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Experimental setup
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(a) (b)

backlight
illumination

Hele-Shaw

heavy fluid
cell

Py - C = CM

87 mm

H—

* Acquisition rate: 0.2 fps, 2 Mpx
« KMnO4 in water
* Linear dependency p*(C*)

Ra
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_ gApL(b*)*H”

12uD

Ra € [4x103 ; 5.4x10%]

Ra varied with Ap*

fluid
Ap* < 45 kg/m?

D=1.7x10"9m? /s
n=9.2x10"* Pa s

geomelry
b= 0.3 mm
H = 87 mm
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Q y (Quantitative concentration measurements
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(a) raw image (b) processed data
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R —) Qualitative tflow dynamics
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experiments simulations

De Paoli, Perissutti, Marchioli & Soldati, arXiv (2022) De Paoli, Zonta & Soldati, Phys. Rev. Fluids (2019a,b)
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Qualitative tlow dynamics
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(a) t* = 0.08 x 104 (b) t* = 0.68 x 10* (c) t* = 1.57 x 10* (d) t* = 2.47 x 10*
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Mixing length evolution
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Mixing length evolution
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Wavenumber
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Conclusions
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Numerical and experimental
investigation of pore-scale dispersion
effects on convective dissolution

(b) Simulations (IBM)
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High-resolution images, movies and slides are
available upon request to m.depaoliQutwente.nl
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