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2.  Reservoir-scale: multiphase gravity currents
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Examples of model extension: In this presentation we just consider the

effect of anisotropy of the medium anisotropy of the rocks, for additional
effects (lateral confinement, dispersion)

see De Paoli, Phys. Fluids (2021)

Sedimentary rocks: Rocks formed by stratification

benedek / Getty Images Rhododendrites/Wikimedia Commons/CC BY 4.0
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Theory: linear scaling Sh = F Ra ~ Ra is expected (see review of Hewitt, 2020)
Porous media experiments: Sh ~ Ra% a < 1 (Neufeld et al., Geophys. Res. Lett. 2010)

Hele-Shaw experiments: Sh ~ Ra® a < 1 (Backhaus et al., Phys. Rev. Lett. 2011)

Darcy simulations: Sh ~ Ra (Hidalgo et al., Phys. Rev. Lett. 2012)

Ditferences arise due
to etfects not

present in the Darcy
model: consequences

for porous media
and Hele-Shaw

A

See De Paoli, Fur. Phys. J. E (2023) for a detailed discussion
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3. Darcy-scale: simulations, experiments and finite-size etfects
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(b)

See De Paoli, Fur. Phys. J. E (2023) for a detailed discussion
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This model has been further developed in
Letelier et al., J. Fluid Mech. (2023)
Ulloa & Letelier, J. Fluid Mech. (2022)
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4. Pore-scale modelling and dispersion
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See De Paoli, Fur. Phys. J. E (2023) for a detailed discussion

De Paoli Marco, Solute dispersion in confined porous media 60 ‘




[ )] o
0 e . = IVERSITE
Q ) Pore-scale simulations . f‘

PAYS DE UADOUR
Physics of Fluids 0]

(c) Sh(Rar)

. Liu et al. (2020) o “
Additional non-Darcy effects: O 5 = 1.0, froe fruid v B
Relative size of flow structures and pores (| > ¢=0.92, aligned circles |

-l A ¢ = 0.87, aligned circles -
- 4 ¢ = 0.82, aligned circles -
(a) l (b) | w ¢ = 0.75, aligned circles }
—— S
© O/ J0 0 @ ——— . - |
oooooooo‘o%oo k)

(d) ShRa7 0%

D 000000000 Od 0!
|

60 600
O HOTORORO
OOOQO

Sh

- - ]
O ey 4 | 1
@) I @ : 1]
o) @)
< B A 2E (RS |18 g | -
N | Ll L1 11l
@) g
o T I 107! 10° 10t
>
5/1,
03 05 07 100 | | ||||||| | 1L 1 11111l | | ||||||| | 11 1111l | | |||||||
109 10% 1010
RaT
De Paoli, Fur. Phys. J. E (2023) Liu et al., J. Fluid Mech. (2020)

De Paoli Marco, Solute dispersion in confined porous media 62 ‘



((J

. : . IVERSITE
Influence of dispersion - lf‘ oAU ET DES

( =] - = . PAYS DE UADOUR
Physics of Fluids [}
Mechanism of dispersion Darcy formulation of dispersion
Patch of dye in a uniform flow ¢8_C LV (uC — ¢DVC) =0
through a porous medium
time Fickian formulation for dispersion
D =DI+ (af — aT)% + arul,
u
(a) Ra = 20,000 (b) Ra = 20,000
| i"ﬁ /L (‘ " i
= 2 1 |
o
= = =
= z z
= i
Z S
= O
Liang et al., Geophys. Res. Lett. (2018)
Chang et al., Phys. Rev. Fluids (2018)
These models required validation:

Woods, Flows in porous rocks (2015)

Experiments and simulations in porous media
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(a) Hele-Shaw cell

inlet/outlet

(c) measurement region

(b) gate (side view)
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Finite ditference
(AFiD, open
source)

_l_
Immersed

Boundaries Method

Resolution:
- velocity: = 32 points
per diameter
1+A_p(C_CO)] - conc. > 1.28
poCo points per diameter

ou+ (u-Vyu = —pale +vViu — gBC3,
8,C + (u - V)C = DV°C,

P = po
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A Assume:
5 1) Interface grows as:
N L
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2) Gradient across the interface
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0.20

1/2m is the maximum
value of dissipation.

Model shown starting
from t/(d/U) =1.
Time is also increased
by d/U to account for
initial condition.
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1. Convection in porous media is a multiscale and
multiphase process

2. A combination of experiments, simulations and pore-scale
theory is required to model the flow dynamics

3. Recent developments in numerical and experimental
capabilities enable measurements at unprecedented level
of detail, but the parameters space is huge!

https://arxiv.org/abs/2310.04068
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High-resolution images, movies and slides are
available upon request to m.depaoliQutwente.nl
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