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This is a list of automatic tests that are being computed after every change that is
made and commited to the main development branch. These tests help to check the
functions of the software and provides developers feed-back that new changes did not
corrupt some functions developed earlier. Other purpose is to give the users examples of
problems that can be solved with Flow123d and to show them how to implement them.

• Test 01 – Steady flow

This test considers steady Darcy flow in a cube domain which is cutted by 2D
fractures which are further separated by a 1D channel in their cross section. The
multidimensional connections between 1D, 2D and 3D elements are involved in
the computation. Dirichlet boundary condition is prescribed for flow.

There are only simple Dirichlet boundary conditions. Pressure gradient in the di-
rection from one corner of the cube to the oposite corner is applied on all boundary
faces of all dimensions.

This test verifies solving steady Darcy flow by mixed hybrid method. There are
different dimensional connections which are 2D-3D connection between the cube
and the flat fractures and 1D-2D connection between the 1D channel and the two
flat fractures in their cross section.

• Test 02 – Steady flow in 2D and transport

This test involves steady Darcy flow in 2D, connections of 1D-2D elements, Dirich-
let boundary condition for flow and transport, transport of two substances with
zero initial condition for concentration. There are acutally two different cases
computed in this test. Dual porosity and sorption features in explicit transport.
Dispersion is defined in implicit transport.

The coefficient of diffusive transfer through the fractures (means between the frac-
ture and the surrounding material) is set to zero so the substance can be trans-
ported only along the fractures.

The domain is two-dimensional slice through a part of a relief which is cutted by
several one-dimensional fractures.

Simple Dirichlet flow boundary condition is defined on left and right side where
pressure heads are prescribed. There is no flow through the upper and lower
boundary of the model. This all causes a flow along the x axis.

Dirichlet boundary condition for transport is prescribed on both sides as it is for
flow boundary condition. The value of concentration is 1.0 for both substances.
Initial concentration of the substances is zero in the whole area.

This test verifies explicitly computed transport considering only convection with
dual porosity and sorption and implicitly computed transport considering both
convection and dispersion. Transport through 1D-2D element connections is com-
puted in addition to the first test.

• Test 03 – Steady flow in 2D and transport

This test differs from the previous one only by simpler structure of its geometry.
There is a plane which is cutted by fork shaped fracture in which the conductivity
is 10 times higher than in the plane. Other parameters are the same as in test 3.
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It shows how the substace flows in the main fracture and divides in two other
fractures. The substance spreads in the fractures much faster in comparision to
transport in the plane.

• Test 08 – Steady Darcy flow with source

This test is aimed at verifying steady Darcy flow with source which is prescribed
by space function formula. This formula is processed by the function parser.

We solve Laplace equation −∆u = f where source f is prescribed by function:
f = 2(1 − y2) + 2(1 − x2). We can easily prove that the analytic solution is
u = (1− x2)(1− y2) by replacing it in the Laplace equation.

The domain is a square with opposite corner vertices [−1,−1] and [1, 1]. Zero
dirichlet boundary condition is prescribed on all boundaries – along the circum-
ference of the square.

This test mainly verifies that the function parser works properly. The source
formula to be parsed is given in the key source_formula. One is going to be
able define other input data like boundary condition in near future. The solution
(pressure) is a paraboloid with a top in [0, 0, 1].

• Test 10 – Unsteady flow in 2D

Unsteady flow is simulated in this test. The domain is a square with different
Dirichlet boundary condition for flow prescribed on two opposite sides. No trans-
port is involved. This test verifies two different numerical methods so the problem
is computed by both mixed hybrid and lumped mixed hybrid method.

• Test 11 – Radioactive decay chain with more branches

8 isotopes are members of considered decay chain with three branches. Transport
boundary conditions does not matter because zero presure gradient is considered.
Final concentrations of all isotopes except C decrease to zero after 20 time steps,
whereas C concentration grows to 0.36.

E −→ D −→ B
0.2B −→ A A −→ G
0.6B −→ H H −→ G
0.2B −→ G

G −→ C

Initial concentrations are summarized in the table below:

c A0 B0 C0 D0 E0 F0 G0

value 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Chemical module Sem-Chem was also involved in this test but it is not func-
tional in the new version being developed. The test must be updated. The old
test considered two equations – chemical kinetics (Trichlorethen dechloration) and
chemical equilibrium of H+ and OH− ions.

2MnO4− + C2Cl3H −→ 3Cl− + 2CO2 + 2MnO2 + H+

H2O ←→ H+ + OH−

Both chemical reactions were simulated in combination with transport (column
experiment).
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• Test 12 – Radioactive decay

There are actually two tests of the radioactive decay. The first one considers first
order reaction of two isotopes determined by kinetic constant and the other one
describes radioactive decay chain of three isotopes.

The domain is a prism which base is a right-angled triangle. There are then only
three tetrahedron elements in the mesh.

There are two Dirichlet boundary conditions prescribed.

– First order reaction determined by kinetic constant

The only linear reaction between D and F substances.

D
k−→ F

∗ Substances: 6 substances to be transported – A, B, C, D, E, F

∗ Kinetic constant: k = 0.277258872

– Radioactive decay chain

The considered radioctive decay chain is:

D
t1/2,D−−−→ F

t1/2,F−−−→ B

∗ Substances: 6 substances to be transported – A, B, C, D, E, F

∗ Decay half-lives: t1/2,D = t1/2,F = 2.5

This test verifies the computation of narrow radioactive decay chains. Both ways
of defining kinematic behaviour of the reactions are tested – kinematic constant,
half-life.

• Test 13 – Solute mixing on the edge

This test realizes mixing of substances on the edges of planes and also does quan-
titative test on a trivial transport problem. The problem is computed with both
explicit and implicit transport.

The domain is a fork where the main branch with the incoming solute is in the
xy plane. Then it is divided into two other branches, one with positive and the
another with negative z coordinate. There are different conductivities in each
branch.

• Test 14 – Variable transport boundary condition

There is considered a time variable boundary condition for transport in this test.
Steady flow with constant velocity field is caused by a pressure gradient from one
side of a 2D strip to another. Dirichlet boundary condition for transport evolving
in time is prescribed on the right side.

Two pulses of nonzero concentration are applied on the boundary. The changes
of the boundary condition at specified times are shown in the following table:

time 0 1 3 6 7
concentration 0 20 0 40 0
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• Test 15 – Unsteady flow with transport

This test involves unsteady flow computed by lumped hybrid method with both
explicit and implicit transport.

The domain is a 2D strip with dimensions 1.0 x 16.0. Zero Dirichlet boundary for
flow is prescribed for x = 0, zero Neumann boundary is elsewhere. Initial pressure
is zero everywhere. The source is prescribed with function f = −x along the strip.

Dirichlet boundary condition for transport is prescribed for x = 0 at beginning of
the time interval.

The test is similar to the test 10 but here in addition the computation of a transport
in an unsteady flow field is verified.

• Test 16 – Substance concentration source in transport

This test includes a source of concentration of a substance. The domain is a 2D
strip in vertical direction. There is a steady flow with constant velocity in the
vertical direction. Two sources are situated on two elements at the top of the strip
and the substance is transported down along the strip. The concentration values
of the sources are defined in the tso input file.

• Test 17 – Radioactive decay – Pade approximation

This test solves radioactive decay chain of five isotopes using Pade approximation.
The considered radioctive decay chain is:

A
t1/2,A−−−→ B

t1/2,B−−−→ C
t1/2,C−−−→ D

t1/2,D−−−→ E

The geometry and material and transport parameters are the same as in test 12.

– Substances: 5 substances to be transported – A, B, C, D, E

– Polynomial degree of the nominator and the denominator of Pade approxi-
mation is 3.

– Decay half-lives:
t1/2,A t1/2,B t1/2,C t1/2,D

1.3863 2.3105 1.5403 1.1552

• Test 18 – Diffusion through fractures

This test is aimed at transport caused just by diffusion.

There is a triangular domain with zero pressure everywhere so no flow is present.
Triangular element with high concentration of a substance lies in the middle of the
domain and its sides neighbour with fractures. The coeffients of molecular diffusion
and diffusive transfer through fractures are the parameters of the implicit transport
and are set in the configuration file. The substance is at the end of several time
steps diffused across the whole domain.
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