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scalarTransportFoam — shockTube (discretization)

Simulation

Use the scalarTransportFoam solver, simulate 5 s of flow inside a shock tube, with 1D
mesh of 1000 cells (10 m long geometry from -5 m to 5 m). Patch with a scalar of 1
from -0.5 to 0.5. Simulate following cases:

e Set U to uniform (0 0 0). Vary diffusion coefficient (low, medium and high
value).

e Set the diffusion coefficient to zero and also U to (1 0 0) and run the
simulation in the case of pure advection using following discretization
schemes:

upwind

- linear

- linearUpwind
- Gauss linear
- QUICK

- cubic

Objectives

e Understanding different discretization schemes.

Post processing

Import your simulation into ParaView, and plot temperature along tube length.
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Step by step simulation

Compile tutorial
Create a folder in your working directory:

>mkdir shockTube

Copy the following case to the created directory:
~/0penFOAM/OpenFOAM-2.3.0/tutorials/compressible/sonicFoam/

laminar/shockTube

In the 0 and 0.org directories, delete magU and p files. In the constant directory delete
the thermophysicalProperties and turbulenceProperties files, and in the system
directory delete controlDict, fvSchemes and fvSolution files.

From following case:

~/0OpenFOAM/OpenFOAM-2.3.0/tutorials/basic/scalarTransportFoam/
pitzDaily

copy transportProperties file from constant folder in the newly created case constant
folder. Copy controlDict, fvSchemes and fvSolution from above case system directory
to the created case system directory.

constant directory

The diffusion coefficient can be set in the transportProperties file. For a low value try
0.00001, for a medium value use 0.01 and for a high value 1:

DT DT [ 02 -1 00 0 0] 0.01;

system directory

Edit the setFieldsDict, to patch the T field from -0.5 m to 0.5 m and also to set the U
to (0 0 0) for the whole domain. For setting U in the whole domain to (1 0 0), just
change (0 0 0) to (1 0 0):

//‘k'k‘k*‘k*‘k******************************//

defaultFieldValues

( volVectorFieldValue U ( 0 0 0 )
volScalarFieldValue T 0.0

)i

regions

( boxToCell
{ box ( -0.5 -1 -1) (0.511);

fieldvalues
(

volScalarFieldvalue T 1.0
)
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// R R R e S R I R b I S I e S e S S b S R S S b S S S R b S b S S S S S //

As it was mentioned before, the discretization scheme for each operator of the
governing equations can be set in fvSchemes.

//*************************************//

ddtSchemes
{
default Euler;
}
gradSchemes
{
default Gauss linear;
}
divSchemes
{
default none;
div (phi, T) Gauss linearUpwind grad(T);
}
laplacianSchemes
{
default none;

laplacian (DT, T) Gauss linear corrected;

}

interpolationSchemes

{

default linear;
}
snGradSchemes
{
default corrected;
}
fluxRequired
{
default no;

T ;
}

// hhkhkhkhkhkhkhkhkhhhhhhdhhhkhhkhkhhkhk bk bk hhkhkhkhhkhkhkhkhkhhkhhhhrrrhkhkhkhkhkhkhkrrkhkkhkhhkhkhkrrkrrkhkkhkhhhkrxx //
For each type of operation a default scheme can be set (e.g. for divSchemes is Set to
no default, it means no default scheme is set). Also a special type of discretization
for each element can be assigned (e.g. div (phi, T) itissetto 1inearUpwind). For
each element, which a discretization method has not been set, the default method will
be applied.

Note: The general transport equation for property ¢ looks like the following:

d(py)
ot

+ V- (ppu) —V-(I'Vp) =5,

In this equation the first term shows the rate of change of property ¢ with time. The
second term is responsible for the advection of property ¢ by the fluid flow and the
third term shows the diffusion of property ¢.

The right hand side of the equation also refers to the source terms. By setting the
diffusion coefficient (7, in this simulation it is DT) to zero, the case will be switched to
a pure advection simulation with no diffusion.
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Note: In fvSchemes, the schemes for the time term of the general transport equation
are set in ddtSchemes sub-dictionary. divSchemes are responsible for the
advection term schemes and laplacianSchemes set the diffusion term schemes.

Note: divschemes should be applied like this: Gauss + scheme. The Gauss keyword
specifies the standard finite volume discretization of Gaussian integration which
requires the interpolation of values from cell centers to face centers. Therefore, the
Gauss entry must be followed by the choice of interpolation scheme
(www.openfoam.org).
Running simulation

>blockMesh
>setFields

>scalarTransportFoam

Exporting simulation
The simulation results are as follows.

A) Case with zero velocity (pure diffusion):
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Figure 4.1 Pure diffusion with low diffusivity (0.00001) att=5s
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Figure 4.2 Pure diffusion with medium diffusivity (0.01) att=5s
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Figure 4.3 Pure diffusion with high diffusivity (1) att=5s

B) Case with pure advection (diffusion coefficient = 0):
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Figure 4.4 Scalar T along tube att =4s



