
w
w

w
.h

y
d
ro

s
y
s
.u

n
i-
s
tu

tt
g
a
rt

.d
e

 
Institute for Modelling Hydraulic and Environmental Systems 

Dept. of Hydromechanics and Modelling of Hydrosystems 

w
w

w
.h

y
d
ro

s
y
s
.u

n
i-
s
tu

tt
g
a
rt

.d
e
 

1 

Coupling a discrete 1D network with 

a 3D surrounding bulk using DuMux
 

Natalie Schröder, University of Stuttgart 

Timo Koch, University of Stuttgart 
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2. Coupling microcirculation 

with embedding tissue 

1. Coupling root network 

with embedding soil matrix 

Example applications 

Quelle: © iStockphoto / Thomas Vogel Quelle: © 2012 Pearson Education, Inc. 

small artery 

arteriole 

small arterioles 

capillaries 
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 Soil flow (Richard‘s equation) 

 

 

 

 

 Root water flow (Darcy‘s law) 

 

 

Application 1: Root-Soil Interactions 
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Coupling water flow 

water sink term 

Pressure around 
root segment  
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 Poiseuille flow in the blood vessels 

 

 

 

 

 

 Darcy flow in the tissue (solid phase : cells, fibres, … 

                                             fluid phase : interstitial fluid) 

 

Application 2: Vessel-Tissue Interaction 
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Realisation in DuMux: Dependencies 

DuMux 

dune-
foamgrid 

dune-
grid-glue 

dune 
core 

modules 
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• 1D and 2D in n-dimensional grids 

• Branching allowed (creates non-manifold grid) 

• “Growth” possible (soon) 

• Element parametrizations 

DuMux 

dune-
foamgrid 

dune-
grid-glue 

dune 
core 

modules 

Dune-FoamGrid 

e.g. a 1D in 3D FoamGrid 
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• Recently adapted to merge 1D and 3D grids 

 

• Functional principle: 

DuMux 

dune-
foamgrid 

dune-
grid-glue 

dune 
core 

modules 

Dune-Grid-Glue 

4 4 

4 4c 

domain 

target 

intersections 
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DuMux 

dune-
foamgrid 

dune-
grid-glue 

dune 
core 

modules 

Dune-Grid-Glue 

domain 
isIt->outside() 

isIt->inside() 

target 
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Realisation in DuMux: Implementation 

MultiDimensionProblem 

1D3DTestProblem 

BloodFlow-
Problem 

TissueFlow-
Proble 

Dumux 

User  

set and get  

information  

(one-sided access) 

set and get  

information  

(two-sided access) 
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Dumux::MultiDimensionProblem 
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Dumux::MultiDimensionProblem 
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Dumux::MultiDimensionProblem 
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Dumux::1D3DTestProblem 
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Dumux::BloodFlowProblem 
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Simulation results 
Coupling microcirculation with embedding tissue 
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Simulation results 
Coupling root network with embedding soil matrix 


