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Motivation

May 19, 2015 C. Grüninger

http://www.vaderstad.com/knowhow/let-nature-do-the-work/soil-water-management

Evaporation of soil water

Compare simulations with lab experiments

Applications

Understand exchange processes better

Energy transport

Effects of turbulence

Salinization

Fuel cells

Long term goals

Simulate coupled problems

Develop effective boundary conditions

In collaboration with Dani Or, ETH Zurich
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ff: Navier-Stokes flow with component, energy

pm: Darcy flow with two phases, two components, energy

Coupling with sharp interface

Transfer of mass, momentum, energy

May 19, 2015 C. Grüninger

Simulation setup, physical justification

ff

pm
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ff: Navier-Stokes flow with component, energy

 Vapor transport

 Boundary layer effects

pm: Darcy flow with two phases, two components, energy

 Soil contains water and air

 Evaporation in porous medium

Coupling with sharp interface

 Does not store any quantities

 Close to physical setup

Transfer of mass, momentum, energy

 Mass: evaporation transports vapor across interface

 Momentum: free flow and Darcy flow interact

May 19, 2015 C. Grüninger

Simulation setup, physical justification

ff

pm
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Balance equations in free flow

Mass

Momentum

Component mass

Energy

with

Primary variables
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Balance equations in porous flow

Component transport for

Energy

Primary variables
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Coupling conditions

Continuity of normal stresses

Tangential stresses (Beavers-Joseph-Saffman condition)

Continuity of mass fluxes
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Coupling conditions II

Continuity of mass fraction

Continuity of component fluxes for

Continuity of temperature

Continuity of heat fluxes
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Darcy: cell-centered finite volumes

Navier-Stokes: staggered grid

Coupling: Dirichlet-Neumann, Robin boundary type

May 19, 2015 C. Grüninger

Discretization

Degrees of freedom:

pressure, component, 

temperature

velocity
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Coupling conditions from [Mosthaf et al. 2011, Baber et al. 2012]

Coupling via Neumann fluxes instead of Dirichlet values

May 19, 2015 C. Grüninger

Discretization
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Beavers-Joseph-Saffman condition defines velocity at interface

Degree of freedom at cell center

Virtually move DoF towards interface

May 19, 2015 C. Grüninger

Horizontal velocity problem

pressure, component, 

temperature

velocity
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Linearize whole system with Newton‘s method

One huge linear system

Contains a saddle point problem

May 19, 2015 C. Grüninger

Linear system

Darcy

Pressure

Saturation / Component

Temperature

Navier-Stokes

Velocity x

Velocity y

Pressure

Component

Temperature
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Darcy: porous-medium simulator DuMux

Navier-Stokes: written from scratch with DUNE-PDELab

Coupling: DUNE-MultiDomain

Linear solver: UMFPack

May 19, 2015 C. Grüninger

Implementation
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Mass and momentum coupling

Pipe-flow with attached porous medium

Only Stokes and Darcy, coupling of mass and momentum

All physical constants are 1,

0,0

¼,½

Darcy

O
u
tf
lo

w

In
fl
o
w

Stokes

Setup Rescaled PressureVelocity, Pressure
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Mass and momentum coupling II

Velocity, Pressure
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Mass and momentum coupling

Pipe-flow with attached porous medium

Only Stokes and Darcy, coupling of mass and momentum

All physical constants are 1,

0,0

¼,½

Darcy

O
u
tf
lo

wIn
fl
o
w

Stokes

Setup Rescaled PressureVelocity, Pressure
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L2 convergence

Analytic example

Domain Stokes: [0,1] x [1,2], Darcy: [0,1] x [0,1]

Dirichlet boundary conditions
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Iterative Dirichlet-Neumann coupling of sub-domains

[Dahmen et al. 2014]

Schur complement for sub-domains or equations

[Discacciati, Quarteroni 2004]

Different time steps for sub-domains

[Rybak et al. 2015]

Differently coarsened grids for sub-domains

[Baber unpublished]

May 19, 2015 C. Grüninger

Ways to speed up the simulation
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Finish two-component, thermal coupling

Compare to direct numerical simulations

Verify with experiments

Investigate evaporation: turbulence, heterogeneous

Extend to 3d
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Outlook

Krafczyk et al. 2015 In collaboration with Kate Smits,

Colorado School of Mines


