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DuMux is a simulation framework with a focus on finite volume discretization methods, model 
coupling for multi-physics applications, and flow and transport applications in porous media.

DuMux is based on the DUNE framework from which it uses the versatile grid interface, vector and 
matrix types, geometry and local basis functions, and linear solvers. DuMux then provides

• Finite volume discretizations (Tpfa, Mpfa, Staggered) and control-volume finite element 
discretization schemes

• A (thread-parallel) system matrix assembler (coloring) and approximation of the Jacobian matrix 
by numeric differentiation

• A customizable Newton method implementation including line search and various stopping 
criteria

• Many pre-implemented models (Darcy-scale porous media flow, Navier-Stokes, Geomechanics, 
Pore network models, Shallow water equations) and constitutive models

• A multi-domain framework for model coupling suited to couple subproblems with different 
discretizations/domains/physics/dimensions/... and create monolithic solvers

https://dumux.org/
https://dune-project.org/
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Finite volumes

Vertex-centered, face-centered, cell-centered, …

Control volume finite element schemes

Combine FE functions and control volumes

Local mass conservation by construction

Unstructured meshes
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Finite volumes / Control volume finite element schemes

Recipe

Nodal basis function (some FE space)

Construct control volumes “around” 
nodal degrees of freedom 

Element-wise assembly
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Finite volumes / Control volume finite element schemes

Recipe

Nodal basis function (some FE space)

Construct control volumes “around” 
nodal degrees of freedom 

Element-wise assembly

CV
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Finite volumes / Control volume finite element schemes

Recipe

Nodal basis function (some FE space)

Construct control volumes “around” 
nodal degrees of freedom 

CV

Element-wise assembly

scv scvf

SCVs are associated with dofs
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Finite volumes / Control volume finite element schemes

CV

Interpretation as Petrov Galerkin FEM

scv scvf

control volumes
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Finite volumes / Control volume finite element schemes

Other trial function spaces

CRCV
?
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Finite volumes / Control volume finite element schemes

CV

Other trial function spaces

sc
v

sc
vf

CR
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Finite volumes / Control volume finite element schemes

Other trial function spaces

+B

CV
?

cubic bubble functions

B

(-B)
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Finite volumes / Control volume finite element schemes

Other trial function spaces

+B

Non-overlapping CVFE cubic bubble functions

B

(-B)partition

3D?
Faces within 
elements?



https://dumux.orgTimo Koch, University of Oslo @ Dune Meeting, Dresden 2023

Finite volumes / Control volume finite element schemes

Other trial function spaces

Overlapping CVFE cubic bubble functions

B

(-B)

CV
scv scvf

scv

overlapping CV +B
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Finite volumes / Control volume finite element schemes

Other trial function spaces

2CV
?
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Stokes equations

scvf

element
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Finite volumes / Control volume finite element schemes

Other trial function spaces

2

CV

test function space
hierachical split

Hybrid CVFE

+ rest2 =

CVFE FEM

Local conservation
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Finite volumes / Control volume finite element schemes

https://arxiv.org/abs/2309.00321

https://arxiv.org/abs/2309.00321
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Finite volumes / Cell-centered schemes

CV = scv

Tpfa Mpfa Staggered

scv = CV ∩ Element 
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Multidomain
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Multidomain
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Multidomain “CouplingManager”

… 
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Multidomain “CouplingManager”

… 
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Multidomain “MultiDomainAssembler”

Dune::MultiTypeBlockMatrix

R(U) = 0

Un+1 = U n - (∂R/∂U)-1 R(U n)

Newton until convergence:
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Stokes in DuMux multidomain

Stokes equations

Prototyping coupled problems

Coupled PDE

Momentum model

Mass model

Multiple discretization schemes

+B
k

0

CR

k-1



https://dumux.orgTimo Koch, University of Oslo @ Dune Meeting, Dresden 2023

Multidomain “CouplingManager”

Give me coupled variable at integration point


