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Stable Variable Density Flow, within heterogeneous Porous Media
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Stable Variable Density Flow, within heterogeneous Porous Media
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Can we detect the 
physical mechanisms 
at the heart of this 
stabilizing effect? 

Interplay between 
heterogeneity and 
buoyancy effects.
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Stable Variable Density Flow, within heterogeneous Porous Media
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Stable Variable Density Flow, within heterogeneous Porous Media
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Stable Variable Density Flow, within heterogeneous Porous Media

Saltwater: continuos injection
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Governing Equations (dimensionless)
• Darcy’ Law : 

g
kgN

vBC

∆ρ
=
µ



( )g= Np ρ z− ⋅ ∇ + ∇q k /φ=v q

Gravity number: relative 
intensity of buoyancy 
and viscous forces

Geometric mean of kk

s f∆ρ = ρ −ρ

sρ

k
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• Darcy’s law : ( )g= Np ρ z− ⋅ ∇ + ∇q k /φ=v q

• Mass Conservation: ( )=0
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Section Averaged Concentration

Model
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Method

Constant density
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Decompose the velocity of vector fluctuations as the sum of stationary 
component (i.e. constant density) and a dynamic component (i.e. 
stabilizing buoyancy effects). 
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Method

Density variationsConstant density

'( , , ) '( , ) '( , , )st dyy z t y z y z t= +v v v

' 'v st k∝ g' N 'vdy C∝ −

C
1 0

z

Ck

'v v v= +

'C C C= +

…

5/15

Decompose the velocity of vector fluctuations as the sum of stationary 
component (i.e. constant density) and a dynamic component (i.e. 
stabilizing buoyancy effects). 
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Coupling and triggering of the stabilizing mechanism
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Coupling and triggering of the stabilizing mechanism
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The Flow Field regularization results in reduction of solute Dispersion
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The Flow Field regularization results in reduction of solute Dispersion

7/15

Solute spreading 
decreases when 
density effects are 
considered:
Link  to the velocity 
field
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Same mechanism in randomly heterogeneous media
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• Upscaled model: Section Averaged concentration.
• Uncertainty: Ensemble moments. 

Model
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Ensemble mean of the Section Averaged concentration
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Ensemble mean of the Section Averaged concentration

Model
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• Accommodate the details lost during the Upscaling
• Measure of the solute spreading
• Account for the uncertainty

Ensemble dispersive flux 
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Ensemble mean of the Section Averaged concentration

Model
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Covariance of Vertical Velocity
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Covariance of Vertical Velocity
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Covariance of Vertical Velocity
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Promotes Dispersion Buoyant stabilizing Actions!!

' ' 'st dy= +v v v
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• Reduction of the velocity variance
(i.e. peaks of the covariance) and
of the correlation scale of the flow
field, for the variable density case
compared with the constant
density scenario.
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• Reduction of the velocity variance
(i.e. peaks of the covariance) and
of the correlation scale of the flow
field, for the variable density case
compared with the constant
density scenario.

• The stationary-dynamic cross-
covariances are negative!
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The relative importance of stabilizing actions 
decreases as the heterogeneity increases!
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Covariance of Vertical Velocity
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Reduction of ensemble dispersive flux and concentration variance
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Solute spread and 
concentration variance 
decrease as the stabilizing 
buoyant effects increase.

Stabilizing effect 
decreases as 
heterogeneity increases.
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• We analyze the occurrence of solute spreading reduction in randomly heterogeneous
porous media for a density-driven stable flow setting. Interaction between heterogeneity
and buoyancy (stabilizing) effects.

• Velocity is decomposed in terms of stationary and dynamic components.

• Solute dispersion reduction is linked to the emergence of negative cross-covariances
between stationary and dynamic velocity fluctuations.

• The relative importance of the stabilizing components tends to decrease as the
heterogeneity of the porous medium increases.

Conclusions

15/15



Thank you 

www.we-need.polimi.it


	Mechanisms of reduction of dispersion �in Stable Density-Driven Flows in Heterogeneous Porous Media
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Thank you �

