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Motivation
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Reduction of anthropogenic CO2 emissions by CO2

sequestration in deep saline aquifers

Dissolution driven natural convection with high 
Rayleigh-Darcy numbers (Ra~104)
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Objective

InterPore21

Better understanding of the physics of “macroscopic 
turbulent” natural convection in porous media.

Can “turbulent” natural convection in porous media be 
precisely modeled by the state of the art Darcy-
Oberbeck-Boussinesq (DOB) equations? 

Proposal of a new macroscopic model: 
Two Length Scale Diffusion model (TLSD)
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General procedure
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Comparison of the 
results

Microscopic
scale

Natural convection 
within a GPM by DNS 

Macroscopic
scale

DNS results DOB results
Derivation of TLSD 

model

Natural convection by 
DOB simulations

Volume averaging 
over each REV

Validation of the 
TLSD model

GPM: Generic porous matrix
DNS: Direct numerical simulation             
REV: Representative elementary volume
DOB: Darcy-Oberbeck-Boussinesq
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Governing microscopic equations (DNS)

ZARM PRESENTATION TEMPLATE
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𝑧𝑖: Gravity direction

𝐻: Channel height

𝛽: Expansion coefficient

𝜈: Viscosity

𝐷𝑓: Mass diffusivity 𝑥 = Τ𝑥 𝐻
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~: Dimensionless variable
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Governing macroscopic equations (DOB)
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𝐷𝑚: Effective mass diffusivity
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𝜙: Porosity

^: Dimensionless and volume averaged variable
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Case study
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𝑠/𝑑 -> 𝜙[0.33 − 0.96], 𝐾/𝑑2[1 × 10−6 − 1.7] and 𝛾𝑚
𝐻/𝑠 -> Da[7 × 10−8 − 1.7 × 10−4]
Ra: [500-20,000]

REV:
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Derivation of TLSD model
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The DNS revealed significant effects which can not be 
captured by the state of the art model the DOB:

Increase of the domain size 𝐻=> increase of the 
mega-plumes

Species boundary layer thickness /characteristic 
length scale ~ pore size 𝐾

Increase of the porosity => change of the 
Sherwood(Ra) scaling

The Darcy term 𝛾𝑚Sc

RaDa
ො𝑢𝑖 can not account for all losses 

at the boundary layer
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Derivation of TLSD model
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Macroscopic momentum diffusion:

TLSD hypothesis: macroscopic diffusion is 

determined by the pore size 𝐾, and the domain 
size 𝐻 => combined in Da:

𝑎𝜈
∗ : a constant assumed to be solely determined by 

the pore-scale geometry
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෭: Volume averaged variable
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Derivation of TLSD model
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Governing equations of the TLSD model
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^: Dimensionless and volume averaged variable

~: Dimensionless variable
𝑖: Intrinsic volume averaged variable
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Results

ZARM PRESENTATION TEMPLATE

Sh correlations in dependence on Ra:

Sc=1 Sc=250
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Results
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Vertical profiles of ҧƸ𝑐 𝑥1 and root mean square velocity 
fluctuations ො𝑢𝑖

𝑟𝑚𝑠 𝑥1 (Sc=250; Ra=20,000):
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Conclusion
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A new macroscopic model for natural convection 
in porous media has been proposed the TLSD 
model:

Accounts for macroscopic diffusion

Macroscopic diffusion is determined by two length 
scales the pore size 𝐾 and the domain size 𝐻

The TLSD model predicts more accurate Sherwood 
numbers, mass concentration, and r.m.s. velocity 
than the state of the art DOB equations
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Follow us
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@ZARM_de

ZARM

zarm.uni-bremen.de/

Thank you for your attention!
If you are interested in more results or would like to 

discuss the topic, I am looking forward to meet you at 
my poster session.


