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About this Manual

This is the reference manual of the program Tdyn, regarding the Fluid
Dynamics and Multiphysics analysis modules (Tdyngpgm)- It consists of

four parts,

e |ntroduction, where the user can find the general aspects of the
program. It is strongly recommended to read this section before to
start using Tdyngpem-

® The second part, Tdyngpgy Reference, gives an explanation of
every option available in Tdyngpgm-

® The third part, gives some recommendations about the best use
of Tdyngpgm-

® The fourth part, is only intended for experienced users, and gives
some details about the internal operation of the environment.

In this manual, different kinds of fonts are used to help the users follow all
the possibilities offered by the program Tdyngpgm:

e font is used for the options found in the menus, tree and windows.
e font is used for fields found in the tree entries of Conditions & Initial
Data, Materials, and General Data.

In the following, a tree sequence will be indicated by the symbol '>' (i.e.
General Data > Analysis > Simulation Dimension corresponds to the
menu sequence shown in Figure 2).

An option available in a menu will be indicated by the symbol '|' (i.e.
Generic_Fluidl | fluid flow | Density refers to the property Density that
appears in the fluid flow tab in the  Generic_Fluidl tree entry of

Tdynrpem)-
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Introduction

Tdyn gpgm IS @an  environment for multi physics simulation, using a

stabilised (FIC) finite element method.

Tdyngpgm includes different modules that allow to solve Heat Transfer in
both solid and fluids, Turbulence, Advection of Species in fluid and solids
and Free Surface (Transpiration or OddLevelSet method) problems using
the same stabilised scheme mentioned above. Tdyngpgm includes a
complete environment for geometry and data definition, and
post-processing of the analysis results, based in the Custom GiD system.

By using Tdyngpgw it is also possible to configure additional user defined
partial differential equations (PDE) solvers in both fluid and solid
materials and to couple them with any of the other problems.

Finally, it can also be used to simulate problems where mesh deformation
(i.e. body movement) may occur.

The different analysis available in Tdyngpgy are fully integrated and the

complete environment is used as one single program.

A more detailed explanation of the capabilities of every Tdyngpgy module

is given next.

® Fluid Flow module is able to solve incompressible or slightly
compressible fluid flow problems, including turbulence effects (RANS
equations). It is also able to solve porous media flow (Stokes) problem
in solid materials. Physical properties used in this module can be
defined in terms of any other variable of the problem.

® Heat Transfer module is able to solve heat transfer problems in fluids
and solids. Physical properties used in this module can be defined in
terms of any other variable of the problem.

® Species Advection module is able to solve species advection problems

3



Introduction

in fluids. It is also able to solve species diffusion problems in solids.
This module allows to define a number of new species which behaviour
can be coupled among them or with any other variable (i.e. velocity,
pressure, temperature, ...) used in Tdyngpgm. Physical properties used
in this module can be defined in terms of any other variable of the
problem.

PDE's solver module is able to solve used defined PDE problems in
fluids and solids. This module allows to define a number of new
variables (called ¢-phi problems) and specify and solve the differential
equation that reigns its behaviour. New user-defined problems can be
coupled among them or with any other variable (i.e. velocity, pressure,
temperature, ...) used in Tdyngpgm.

Mesh Deformation module include all the necessary capabilities to
solve problems with mesh updating techniques. This module includes
several mesh updating techniques and arbitrary lagrangean eurelian
(ALE) algorithms for solving systems of equations. Note that ALE
techniques are only available in fluid domain problems.

Free  Surface-Transpiration module is able to solve free surface
equations, based on the transpiration technique. This module is
specially adequate to solve naval hydrodynamics problems.

Free Surface-Odd Level Set module can solve free surface problems
by means of the overlapping domain decomposition level set
technique. This module has been specially designed to solve large /
violent free surface motions.

Ramseries module features an advanced environment for structural
analysis, based on the Finite Element Method. Ramseries module
includes 3D beams, shells and solids models, as well as a full support
for nonlinear elements, nonlinear and linear material laws, and inelastic
material models. Ramseries easily simulates even the largest and most
intricate of structures. Furthermore, Ramseries features the latest
technology for solving structural dynamics analyses, incluing
contact-impact algorithms which permit the study of many common
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problems in engineering. As for composite materials, Ramseries allows
to study laminated beam and shells, including the capability of setting
predefined standard laminate sequences giving each ply direction,
based on local or global frames of reference. A key feature here is the
possiblity of viewing the critical strains and stresses in each of the
laminated material plies or tissues. Ramseries module can perform
coupled analysis, ranging from thermo-mechanical analyses to the
most sophisticated fluid-structure interaction problems.

The analysis of a problem by means of Tdyn gpgm consists of the

following basic steps (see Figure 1):

® Pre-processing
e Creation (or importation) of the geometry to be analysed
® Assignment of the material properties, boundary conditions and
definition of general data
® Mesh generation
® Calculation
® Post-processing
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Geometny definition

Condition
Aesignment

FEM Solver

Digpoloy and
Analysis of
Results

Fig 1: Steps in any FEM problem

3.1 Pre-processing

The first step for any analysis is the setting up of the problem. This
includes the creation or importation from a CAD file of the problem's
geometry (i.e. the control volume) the assignment of boundary and initial
conditions, and the generation of the mesh. This will all be made in the
Tdyngpgm environment (based on the Custom GiD system).

Remarks:

A full description of the CAD preprocessing capabilities of the
environment can be found in the GiD reference and user manuals
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(see Postprocessing section).

P 2= Sirnulation Type

¥ 1= General Data

- 1= Analysis

[0 Simulation Dirmensian: 30
b [ Units

D’ i= Grawity

b := Algorithm

B [® Fluid Dyn. & Multi-phy. Data
b [% Maodules Data

b &4 Conds. & Init. Data

b == Contacts

b T haterials

Fig 2: Problem Dim. selection

When setting up a new analysis for calculation with Tdyn, the specific
simulation type and the corresponding simulation dimension have to be
selected. This can be done at any point from the creation of the new
project to the final definition of the geometry, but has to be performed
before the user can proceed to assigning boundary conditions and other
problem parameters.

Remarks:

Tdyn type of analysis can be loaded from the Start Data Window (Data >
Start Data), and all the preferences can be managed from the program
main tree (Figure 2).

Once Tdyn is opened, Start Data window shown in Figure 3 is started.
This window can also be started through menu option 'Data > Start Data'.
This preferences window allows to select the type of analysis to perform.

Available options to define the type of problem are:

® Simulation Type: Select between 'Structural Analysis', 'Fluid
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Dynamics & Multi-Physics' and 'Coupled Fluid-Structural Analysis'.

If 'Structural Analysis' option is selected:

e Simulation Dimension: Select the analysis dimension (2D
Plane Strain, 2D Plane Stress or 3D).

e Basic Element Type: Different element combinations can be
chosen (i.e: Beams + Shells), or just one.

e Analysis Type: Define the type of analysis to perform (Static
or Dynamic).

e Material Constitutive Model: Define the type of analysis to
perform (Linear or Non-linear).

If 'Multi-physics Analysis Type' option is selected:

e Simulation Dimension: Select the analysis dimension (2D
Plane, 2D Axisymmetric or 3D).
e Fluid: Define data concerning solver in Fluid domain.

Fluid Flow
Heat Transfer

Mesh Deformation (it is a particular case of Fluid Flow
analysis).

Species Advection
PDE's solver

Free Surface: Odd Level Set or Transpiration (it is a particular
case of Fluid Flow analysis).

e Solid: Define data concerning solver in Solid domain.
Fluid Flow

Heat Transfer

Species Advection

PDE's solver
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If '‘Coupled Fluid-Structural Analysis' option is selected:
e Simulation Dimension: Select the analysis dimension (2D
Plane or 3D).
Structural Analysis:

® Basic Element Type: Different element combinations can be
chosen (i.e: Beams + Shells), or just one.

® Analysis Type: Define the type of analysis to perform:
Static, Dynamic.

e Material Constitutive Model: Define the type of analysis to
perform; Linear, Non-linear.

Multi-physics Analysis Type:
® Fluid: Define data concerning solver in Fluid domain.

Fluid Flow

Mesh  Deformation (it is a particular case of Fluid Flow
analysis).

e Solid: Define data concerning solver in Solid domain.
Heat Transfer
e Gravity: Choose the direction of the gravity for problems with Specific

Weight != 0. This vector specifies the direction but not the magnitude of
the gravity.

e Units: Choose the geometry units.

Remarks:

Depending on the analysis preferences selected by the user some
options are not available, these options are disabled or hidden in the
Start Data window.
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Fig 3: Start Data window

Pre-processing part of the analysis consist of the following steps:

e Conditions & Boundaries assignment
® Materials definition

® General problem data insertion

® Solver data definition

e Units definition

® Mesh size assignment

® Mesh Generation

The Tdyn gpgm Pre toolbar shown in Figure 4 has been designed to

guide the user during the pre-processing part of the fluid dynamics and
multi-physics analysis.
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After setting up the problem, the calculation can be started.

. Define fluid flow module data

H Define fluid heat transfer module data

Define fluid species advection module data

CI:) Define fluid generic PDEs solver module data

-
"‘-,"_'_‘ Define free surface (Transpiration) module data
/-Q/ Define free surface ODDLS module data

A Open fluid materials wind

pen fluid materials window

h
‘::r Open solid materials window
é Open fluid boundaries window

ﬂ_if_ Open solid boundaries window
:«E Open contacts window
Lg Open general data window
IL:' Open modules and solvers data window
|'9§ Open units window
i3

Fig 4: TdynFD&M pre toolbar
3.2 Calculate

Through the Calculate > Calculate Window menu sequence, we can
start the solution process. When pressing the Start button in the
Calculate Window, Tdyn will start the calculation. This can also be done

automatically by using the corresponding icon (see Figure 5).

Information about the evolution of the solution can be displayed by
pressing the Output View button. This can also be done by using the
corresponding icon (see Figure 5).

A R

Fig 5: Calculate and Output View icons

3.3 Post-processing

When the Tdyn calculation process is finished, the system displays the
message Process...name..., started on...date...has finished. Then the
results can be visualised by selecting Files > Postprocess (note that
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therefore the problem must still be loaded in the preprocess; should this
not be the case we first have to open the problem files again). Note that
the intermediate results can be shown at any moment of the process
even if the calculations are not finished.

However, in the case of large simulations that require much computing
time and RAM memory, it is advisable to quit the preprocessing
environment while the process is running. It is possible to close the
program while having a Tdyn process running (before closing, a warning
window asking whether running processes should be killed is displayed).

@ View forces on bodies
Graphs of forces on bodies
- Graphs of motions on bodies

= Convergence norms evolution

Fig 6: Post-process utils toolbar

Once the problem is loaded into Tdyn environment and the Files >
Postprocess option is selected, the results file will be loaded into the
post-processing part of the environment. The results it contains can be
visualised using the various post-processing options of the system, like
turning on and off the element sets, using contour fills, contour lines,
vectors, iso-surfaces, cuts, graphs, animations, etc.

It is also possible to visualize some graphs of forces and movement
evolution. These options can be easily accessed by the Tdyngpgm post

toolbar shown in Figure 6.

Remarks:

A full description of the postprocessing capabilities can be found in the
GiD reference and user manuals (see Postprocessing section).
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Note that the different results will be grouped according to the type of
analysis performed with Tdyn gpgm. Analysis type can be selected in

View Results > Default Analysis/Step.
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This chapter gives a brief explanation of every option available in

Tdyngpgm-

4.1 ltem help

It is possible to obtain help for several items in the toolkit and windows by
pressing right mouse button on them.

4.2 Conditions and Initial Data

Conditions are all properties of a problem (except Materials) that can be
assigned to an entity, in order to define the basic boundary conditions of
a problem. Conditions should be used to define inflow and outflow
boundary conditions, symmetry or far field conditions, as well as complex
boundary conditions like body wall type (i.e. law of the wall) or free
surface.

In Tdyngpgm conditions are available through the menu option Conds. &
Init. Data.

If a mesh has already been generated, any change in the condition
assignments, requires meshing again to transfer these new conditions to
the mesh. If the conditions were changed and a new mesh was not
generated, the user will be warned, when the data for the analysis is
being written.

4.2.1 Fluid Flow Analysis Conditions

The following boundary conditions are available in the Fluid Flow
Analysis of Tdyngpgm-

15
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4.2.1.1 Wall/Bodies

Wall/Bodies boundaries allow the user to define special boundary
conditions, representing physical walls or bodies. The options available
include analytical Law of the Wall as well as body motion properties.
These properties can be assigned to lines (2D plane or 2D Axisymmetric)
or surfaces (3D) or boundary meshes.

Remarks:

If any entity is defined as a Wall/Body the graphs of the reaction forces
on the fluid will be available in the post-process of Tdyngpgm-

If any entity is defined as a Wall/Body and any movement is enabled
(Mesh Deformation Analysis activated), the graphs of this movement will
be available in the post-process of Tdyngpgm.

In order to transfer Wall/Body data to the mesh, Meshing Criteria must
be fixed to Yes in the corresponding geometrical entities. Note that this
action is automatically done by Tdyngpgn in most of the cases.

4.2.1.1.1 Options available in Wall Type page

Fluid/Solid Wall: Choose if the boundary condition is going to be applied
either to a Fluid or a Solid domain boundary.

BoundType: Type of the wall boundary. Several options are available:

InvisWall: Impose the slipping boundary condition (i.e. wall normal
velocity component will be zero).

V_fixWall: Impose the null velocity condition on the boundary (i.e. velocity
on the wall will be zero).

None_Wall: No conditions will be applied to the boundary.

RoughWall: Law of the wall condition, taking wall roughness into account,
is applied at the wall distance 6. See Near wall-modelling chapter below.
The fluid stress (traction) given by the law of the wall at a wall distance
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o will be applied as boundary condition in the fluid solver. The wall
distance must be inserted in the field Delta (see below).

DeltaWall: Extended law of the wall condition is applied on the boundary
at the wall distance 6. See Near wall-modelling chapter below. The fluid
stress (traction) given by the law of the wall at a wall distance 6 will be
applied as boundary condition in the fluid solver. The wall distance must
be inserted in the field Delta (see below).

YplusWall: Extended Law of the wall condition is applied on the boundary
at the non-dimensional wall distance y*. See Near wall-modelling chapter
below. The fluid stress (traction) given by the law of the wall at a
non-dimensional wall distance y* will be applied as boundary condition in
the fluid solver. The non-dimensional wall distance must be inserted in
the field Yplus (see below).

Cw_U2Wall: A traction given by CW-VZ, where Cyy is a constant and V
the fluid velocity, is imposed on the boundary. The constant Cyy, must be

inserted in the field Cw(see below).

ITTC Wall: Extended Law of the wall condition is applied on the boundary
at the non-dimensional wall distance y*. The fluid stress (traction) given
by the law of the wall at a non-dimensional wall distance y* will be
applied as boundary condition in the fluid solver. This traction is corrected
according to the ITTC 57 friction law. The non-dimensional wall distance
must be inserted in the field Yplus (see below).

User Wall: Law of the wall formulation that can be defined by the user. It
requires explicit formulation of the wall traction (see below FTau Field),
eddy kinetic energy (see below KEnr Field) and the turbulence length
scale (see below ELen Field).

Yplus: If YplusWall is selected, wall law assumption is taken up to the
non-dimensional wall distance y* given here. The fluid stress (traction)
given by the law of the wall will be then applied as a boundary condition
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in the fluid solver. See Near wall-modelling chapter below.

Delta: If Deltawall or RoughWall is selected, wall law assumption is taken
up to the dimensional wall distance 6 specified here. The fluid stress
(traction) given by the law of the wall will be then applied as a boundary
condition in the fluid solver. See Near wall-modelling chapter below.

Delta Units: Units of the dimensional wall distance & given in the previous
field.

Roughness: Roughness of the wall (only used if BoundType |
RoughWall is selected).

Roughness Units: Units of the dimensional wall distance & given in the
previous field.

Cw: Constant used in the definition of BoundType | Cw_U2Wall.

VelX/Y/Z Field: Field used for defining the velocity profile on the boundary
for V_fixBound BoundType.

VelN Field: Field used for defining the normal velocity profile on the
boundary for VnfixBound BoundType.

FTau Field: Field of wall traction used in the definition of BoundType |
User Wall. It should be a explicit function of the variables used in
Tdyngpgm (see Function Syntax section for further information).

KEnr Field: Field of eddy kinetic energy used in the definition of
BoundType | User Wall. It should be a explicit function of the variables
used in Tdyngpgm (see Function Syntax section for further information).

ELen Field: Field of turbulence length scale used in the definition of
BoundType | User Wall. It should be a explicit function of the variables
used in Tdyngpgm (see Function Syntax section for further information).
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Sharp Angle: The slipping boundary condition for the velocity will be
corrected if any internal angle of this Fluid Body geometry is smaller
than the one inserted here (see Figure 7). In those points, the boundary
condition for the velocity is ignored. This condition can be used for
automatic correction of boundary conditions, in those complex
geometries with trailing edges, where the Fluid Body normal vector is
undefined.

L.
il

Figure 7. Example of application of the Sharp Angle option.

Line Fix Angle: Fix Velocity Direction boundary condition will be
automatically applied as boundary condition if an external angle of this
Fluid Body geometry is smaller than the one inserted here (see Figure
8). This condition should be used to automatically imposeFix Velocity
Direction boundary conditions, in those complex geometries with edges
or significant dihedral angles, where boundary conditions imposition by
hand, may take too much time.

Remarks:

In Tdyngpgm 2D Plane a null velocity is imposed (instead of FixVelocity
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Direction condition) if an external angle of a Fluid Body is smaller than
the one inserted here.

6

Figure 8. Example of the places where the Line Fix Angle option could be
useful.
SternC Angle: A control for stern of bodies (in the free surface
transpiration problem) is carried out. This control will be applied in those
points of the floating line of the body, where the angle between the
normal and the velocity is greater that the value inserted here. See Stern
flow modelling in transpiration problem section.

Remarks:

This option is only available if the Free Surface (Transpiration) Analysis is
activated.

4.2.1.1.2 Options available in Body page

Body Mass: Mass of the body. Units of the mass field may be defined in
the menu next to this entry. It is possible to define additional units by
entering new dimensionally correct units in the box (see Units Syntax
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section for further information).

Remarks:

If the check box next to the Body Mass entry is selected, mass of the
body will be estimated by Tdyngpgm, based on a initial equilibrium of
forces.

Body Mass entry will be available for all the modules of Tdyngpgm, not
only when the Mesh Deformation Analysis is activated.

Center of Gravity: Vector giving the center of gravity of the body. Units of
the center of gravity may be defined in GeneralData > Units > Geometry
Units.

Remarks:

Center of Gravity entry will be available for all the modules of Tdyngpgwm,
not only when the Mesh Deformation Analysis is activated.

Center of Gravity can be defined by a time dependant function.

Center of Gravity position will be automatically updated with the
movement of the Wall/Body.

Radi-us/-i of Gyration: Vector giving the radii of gyration of the body.
Units of the radii of gyration may be defined in GeneralData > Units >
Geometry Units.

4.2.1.1.3 Options available in Motions

Displacement Options: For every displacement degree of freedom there
exists four possible options:

Off: the corresponding degree of freedom is disabled (movement is not
allowed).

On: the corresponding degree of freedom is enables (movement is
allowed). If the value inserted in the corresponding Displacement
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Values field is different from cero for t = 0, this value will be used to
define an initial movement of the body.

Fix: the corresponding degree of freedom is fixed to the time dependant
function given by the Displacement Values field (movement is
prescribed). This function is useful to impose rigid body motions.

Field: the corresponding degree of freedom is fixed to the generic
function given by the Displacement Values field (movement is
prescribed). This function is useful to impose body deformations.

Displacement Values: For every displacement degree of freedom, this
vector gives the total displacement of the body. The corresponding fields
will only be available if the Displacement Options field is selected as Fix.
Units of the displacement values vector may be defined in GeneralData
> Units > Geometry Units.

Rotation Options: For every rotational degree of freedom there exists
three possible options:

Off: the corresponding degree of freedom is disabled (rotation is not
allowed).

On: the corresponding degree of freedom is enables (rotation is allowed).
If the value inserted in the corresponding Rotation Values field is different
from cero for t = 0, this value will be used to define an initial movement of
the body.

Fix: the corresponding degree of freedom is fixed to the value given by
the Rotation Values field (rotation is prescribed). This function is useful to
impose rigid body motions.

Rotation Values: For every rotational degree of freedom, this vector gives
the total rotation of the body. The corresponding fields will only be
available if the Rotation Options field is selected as Fix.
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4.2.1.1.4 Options available in Actions

External Forces: This vector defines the additional external forces (gravity
forces are not included) acting on the center of gravity of the body.

External Moments: This vector defines the additional external moments
acting on the center of gravity of the body.

R elaxation factor: This factor is used to increase stability of the body
movement. The evaluation of the forces is relaxed, by averaging the
previous and current value. Recommended value is 0.25.

Damping factor: Damping added to the movement of the body. If the
objective of the analysis is the steady state, it is recommended to
increase the value of this factor (recommended value in those cases is
0.75).

4.2.1.2 Inlet

Inlet of: This boundary condition is designed to represent a flow inlet.
Choose if the boundary condition is going to be applied either to a Fluid
or a Solid entity.

BoundType: Type of inlet boundary. Three options are available:

Inlet Velc: Allows defining a velocity profile on the boundary. This
profile is defined by inserting the velocity components in the fields
VelX_Field, VelY_Field and VelZ_Field.

Inlet VelN: Allows defining the normal velocity on the boundary,
while tangencial velocity is fixed to zero. This profile is defined by
inserting the normal velocity component in the field VelN_Field.

Inlet Pres: Allows defining a pressure field on the inlet boundary.
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4.2.1.3 Outlet

Outlet of: This boundary condition is designed to represent a flow outlet.
Choose if the boundary condition is going to be applied either to a Fluid
or a Solid entity.

BoundType: Type of outlet boundary. Two options are available:
OutletPres: Pressure field is defined at the outlet boundary.

OutletNewm: A Newmann boundary condition on the velocity (null
derivative) is defined at the outlet boundary.

4.2.1.4 Fix Pressure

This condition is assigned to geometrical/mesh entities or layers and is
used to fix the pressure at the given value.

Remarks:

When the selected flow model is PrCompressible (compressible based on
pressure) both pressure and density are prescribed when this condition is
applied.

Fields:

Value: Value (real) of the pressure.

Remarks:

For most of the problems it is strongly recommended to fix the pressure in
at least one point of the domain.

When the pressure is not specified in the analysis either directly or
indirectly, no reference for the pressure exists, and the resulting
distribution can only be used with relative values.

The pressure can be specified at a far field boundary (i.e. at the outflow
boundary of the domain, when the boundary is far enough from the
region of interest).
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The pressure can also be specified at the inlet boundary. If the conditions
at inlet are not well known, it is effective to move the boundary as far from
the region of interest as possible.

When the selected flow model is PrCompressible (compressible based on
pressure) both pressure and density are prescribed when this condition is
applied.

4.2.1.5 Conditional Pressure

This condition is assigned to geometrical/mesh entities and layers and is
used to specify the pressure at the value given by the Pressure
Field entry of the Conditional data of the Fluid Flow conditions (Conds.
& Initial Data > Fluid Flow > Conditional), only if the Pressure
FuncCond data field is greater than 0.

If the evaluation of the Pressure FuncCond field results in a value less
than 0, the boundary conditions will not be applied. If the value is 0, the
boundary condition will be applied only if it was applied in the previous
time step.

Remarks:

When the selected flow model is PrCompressible (compressible based on
pressure) both pressure and density are prescribed when this condition is
applied.

When ConditionalPressure condition is assigned, Pressure Field entry
is used both for defining initial values (t = 0) when starting calculation and
for evaluating the assigned condition the rest of time steps.

Entries of Conditional data may be defined by functions (see Function
Syntax section).

Pressure FuncCondand Pressure Field entries are common for every
Conditional Pressure condition and can only be modified in the
Conditional data of the Fluid Flow conditions
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In most of the problems, it is recommended to fix the pressure in at least
one point of the domain. When the pressure is not specified in the
analysis either directly or indirectly, no reference for the pressure exists,
and the resulting distribution can only be used with relative values.

Sometimes the pressure is specified at a far field boundary (i.e. at the
outflow boundary of the domain, when the boundary is far enough from
the region of interest).

Sometimes the pressure is specified also at the inlet boundary. If the
conditions at inlet are not well known, it is effective to move the boundary
as far from the region of interest as possible.

4.2.1.6 Pressure Field

This condition is assigned to geometrical/mesh entities and is used to fix
the pressure at the value given by the Pressure Field entry of the Initial
and Field data of the Fluid Flow conditions in the tree (Conds. & Init.
Data>Fluid Flow>Initial and Field).

Remarks:

When the selected flow model is PrCompressible (compressible based on
pressure) both pressure and density are prescribed when this condition is
applied.

Fields:

Fix Initial: The pressure will be fixed to the initial value (evaluated in t=0)
of the function inserted in the Pressure Field entry of the Initial and Field
data of the Fluid Flow conditions in the tree. Pressure Field entry is
evaluated at the initial step (t=0) and pressure is fixed to the resulting
value for the rest of the execution.

Fix Field: The pressure will be fixed to the value (for every time step) of
the function inserted in the Pressure Field of the Initial and Field data of
the Fluid Flow conditions in the tree. Pressure Field entry is evaluated
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every step and pressure is fixed to the resulting value.

Remarks:

In most of the problems, it is recommended to fix the pressure in at least
one point of the domain. When the pressure is not specified in the
analysis either directly or indirectly, no reference for the pressure exists,
and the resulting distribution can only be used with relative values.

When Pressure Field condition is assigned,Pressure Field entry is used
both for defining initial values (t = 0) when starting calculation and for
evaluating the assigned condition the rest of time steps.

Pressure Field value is common for every Pressure Field condition and
can only be modified in the Initial and Field data of the Fluid
Flow conditions in the tree.

Sometimes the pressure is specified at a far field boundary (i.e. at the
outflow boundary of the domain, when the boundary is far enough from
the region of interest).

Sometimes the pressure is specified also at the inlet boundary. If the
conditions at inlet are not well known, it is effective to move the boundary
as far from the region of interest as possible.

This condition allows a definition of transient boundary conditions for the
pressure. The analytical functions defining transient boundary conditions
will be specified in the corresponding function inserted in the Pressure
Field entry of the Initial and Field data of the Fluid Flow conditions in
the tree.

If the boundary conditions for the pressure are steady, this condition can
be substituted by the Fix Pressure condition. The only difference
between these two options in this case is, that when using Pressure
Field, the value of the fixed pressure can be changed automatically in
every entity by updating the corresponding function inserted in the
Pressure Field entry of the Initial and Field data of the Fluid
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Flow conditions in the tree.

Entries of the Initial and Field data of the Fluid Flow conditions may be
defined by functions (see Function Syntax section).

4.2.1.7 Fix Velocity

This condition is assigned to geometrical/mesh entities or layers and is
used to fix the velocity at the given value.

Fields:

X Component: Value (real) of the OX component of the velocity.

Fix X: Only if marked the OX component of the velocity will be fixed.

Y Component: Value (real) of the OY component of the velocity.

Fix Y: Only if marked the OY component of the velocity will be fixed.

Z Component: Value (real) of the OZ component of the velocity.

Fix Z: Only if marked the OZ component of the velocity will be fixed.

Remarks:

The velocity has to be prescribed at the inlet boundary. If the conditions
at inlet are not well known, it is effective to move the boundary as far from
the region of interest as possible.

4.2.1.8 Conditional Velocity

This condition is assigned to geometrical/mesh entities and layers and is
used to specify the velocity at the value given by the corresponding
Velocity X/Y/Z Field entries of the Conditional data of the Fluid
Flow conditions in the tree ( Conds. & Initial Data > Fluid Flow >
Conditional) only if the given conditional data field is greater than 0.

If the evaluation of the corresponding Velocity X/Y/Z FuncCond field
results in a value less than 0, the boundary conditions will not be applied.
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If the value is 0, the boundary condition will be applied only if it was
applied in the previous time step.

Remarks:

When Conditional Velocity condition is assigned, Velocity X/Y/Z Field
entries are used both for defining initial values (t = 0) when starting
calculation and for evaluating the assigned condition the rest of time
steps.

Entries of the Conditional data may be defined by functions (see
Function Syntax section).

Velocity X/Y/Z FuncCond entries are common for every Conditional
Velocity condition and can only be modified in the Conditional data.

The velocity has to be prescribed at every inlet boundary. If the
conditions at inlet are not well known, it is effective to move the boundary
as far from the region of interest as possible.

4.2.1.9 Velocity Field

This condition is assigned to geometrical/mesh entities and layers and is
used to specify the velocity at the value given by the corresponding
functions of the Initial and Field data of the Fluid Flow conditions in the
tree (Conds. &Initial Data > Fluid Flow > Initial and Field).

Remarks:

Entries of the Initial and Field data may be defined by functions (see
Function Syntax section).

Fields:

Fix Initial X: The OX component of the velocity will be fixed to the initial
value (evaluated in t=0) of the corresponding function of the Initial and
Field data (Velocity X Field entry) only if the field is marked. Velocity X
Field is evaluated at the initial step (t=0) and velocity component is fixed
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to the resulting value for the rest of the execution.

Fix Initial Y: The OY component of the velocity will be fixed to the initial
value (evaluated in t=0) of the corresponding function of the Initial and
Field data (Velocity Y Field entry) only if the field is marked. Velocity Y
Field is evaluated at the initial step (t=0) and velocity component is fixed
to the resulting value for the rest of the execution.

Fix Initial Z: The OZ component of the velocity will be fixed to the initial
value (evaluated in t=0) of the corresponding function of the Initial and
Field data (Velocity Z Field entry) only if the field is marked. Velocity Z
Field is evaluated at the initial step (t=0) and velocity component is fixed
to the resulting value for the rest of the execution.

Fix Field X: The OX component of the velocity will be fixed to the value
(for every time step) of the corresponding function of Initial and Field
data (Velocity X Field entry) only if the field is marked. Velocity X Field is
evaluated every step and the corresponding velocity component is fixed
to the resulting value.

Fix Field Y: The OY component of the velocity will be fixed to the value
(for every time step) of the corresponding function of the Initial and Field
data (Velocity Y Field entry) only if the field is marked. Velocity Y Field is
evaluated every step and the corresponding velocity component is fixed
to the resulting value.

Fix Field Z: The OZ component of the velocity will be fixed to the value
(for every time step) of the corresponding function of the Initial and Field
data (Velocity Z Field entry) only if the field is marked. Velocity Z Field is
evaluated every step and the corresponding velocity component is fixed
to the resulting value.

Remarks:

The velocity has to be prescribed at every inlet boundary. If the
conditions at inlet are not well known, it is effective to move the boundary



Tdyn FD&M 31

as far from the region of interest as possible.

When Velocity Field condition is assigned, Velocity X/Y/Z Fieldentries
are used both for defining initial values (t = 0) when starting calculation
and for evaluating the assigned condition the rest of time steps.

This condition allows definitions of transient boundary conditions for the
velocity. The analytical functions defining transient boundary conditions
will be specified in the corresponding Initial and Field data of the Fluid
Flow conditions in the tree.

If the boundary conditions for the velocity are steady, this condition can
be substituted by the Fix Velocity condition. The only difference between
these two options in this case is, that when using the Velocity Field, the
value of the fixed velocity can be changed automatically in every entity by
updating the  corresponding Initial and Field data of the Fluid
Flow conditions in the tree.

4.2.1.10 Fix Turbulence

This condition is assigned to geometrical/mesh entities and layers and is
used to fix the turbulence variables for those turbulence models based on
the Reynolds extended analogy, at the initial (evaluated for t=0) value
given by the corresponding functions (EddyKEner Field and EddyLength
Field) of the Initial and Field data of the Fluid Flow conditions in the
tree.

Fields:

Fix: The turbulence will be fixed to the initial value (evaluated in t=0) of
the corresponding function of the Initial and Field data of the Fluid
Flow conditions in the tree only if this field is marked. EddyKEner
Field and EddyLength Field give the value of the eddy energy and
turbulence length scale or mixing length (see Turbulence modelling
section), respectively.
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Remarks:

The turbulence variables have to be prescribed at every inlet boundary.
In those entities where all components of the velocity have been
prescribed, Tdyngpgm automatically fixes all turbulence variables at the
initial (evaluated for t=0) value given in the EddyKEner Field and
EddyLength Field entries of the Initial and Field data of the Fluid
Flow conditions in the tree. Therefore, assignment of this condition
should not be necessary in most of the cases.

Fix Turbulence condition will only be useful for those turbulence models
based on Reynolds extended analogy (see Turbulence Modelling section
for further information).

4.2.1.11 Remove Velocity Conditions

This condition is assigned to geometrical/mesh entities and layers and
makes the program to ignore any specification on the velocity field.

Fields:

Free Velocity: The velocity will be removed only if this field is marked.

Remarks:

This option allows the solver to accomplish the Kutta-Jukowsky condition.
In these cases the Remove Velocity condition will be assigned to the
extreme point of the tail of a profile. It is also possible to automatically
correct  velocity impositions in these areas by using the
Wall/Bodies options (see Sharp Angle option).

4.2.1.12 Fix Velocity Direction

This condition is assigned to geometrical/mesh entities and may be used
to define the direction of the velocity, according to the orientation of the
skew system.
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Fields:

Local Axes: Orientation of the Cartesian axes used to define the direction
of the component of the velocity vector. These can be local axes of the
geometry (-Automatic- option) or any user defined system.

Type: Axis of the Local Axes definition. The component of the velocity
vector, parallel to this axis, will be fixed to the given value. The normal
velocity component to a line or a surface can be fixed by selecting Y_Axis
or Z_Axis. To see the defined Local Axes, press the button Draw.

Remarks:

Usually, the direction of the velocity has to be prescribed in some edges
or areas with strong geometrical changes of the geometry.

The direction of the velocity can be automatically imposed by using the
Wall/Bodies options (see Fix Angle option).

4.2.1.13 Fix Velocity Component

This condition is assigned to geometrical/mesh and is used to specify the
value of a component of the velocity vector.

Fields:

Local Axes: Orientation of the Cartesian axes used to define the direction
of the component of the velocity vector. These can be local axes of the
geometry (-Automatic- option) or any user defined system.

Type: Axis of the Local Axes definition. The component of the velocity
vector, parallel to this axis, will be fixed to the given value. The normal
velocity component to a line or a surface can be fixed by selecting Y_Axis
or Z_Axis. To see the defined Local Axes, press the button Draw.

Value: Value of the component of the velocity in the direction given by
Type axis.

Remarks:
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This option is used to prescribe slipping boundary conditions on a velocity
field. Since the normal vector is sometimes undefined in some complex
areas (i.e. dihedral angles) of the geometry, in some cases it is better to
use the Wall/Bodies options instead.

4.2.2 Heat Transfer Analysis Conditions

The following boundary conditions are available when the Heat Transfer
Analysis of Tdyngpgw is activated.

4.2.2.1 Fix Temperature

This condition is assigned to geometrical/mesh entities and layers and is
used to fix the temperature in a geometrical entity or layer at the given
value.

Fields:

Value: Value of the temperature.

4.2.2.2 Conditional Temperature

This condition is assigned to geometrical/mesh entities and layers and is
used to fix the temperature at the value given by the function inserted in
the Temperature Field entry of the Conditional Data in Heat Transfer
Conditions entry of the tree ( Conds. & Initial Data > Heat Transfer >
Conditional).

Fields:

Fix Initial: The temperature will be fixed to the initial value (evaluated in
t=0) of the function inserted in the Temperature Field entry of the
Conditional Data only if the field is marked.

Temperature Field is evaluated initial step (t=0) and temperature is fixed
to the resulting value for the rest of the execution.

Fix Field: The temperature will be fixed to the value (for every time step)
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of the function inserted in the Temperature Field entry of the Conditional
Data. Temperature Field entry is evaluated every step and temperature is
fixed to the resulting value.

Remarks:

This condition allows definitions of transient boundary conditions for
temperature. The analytical functions defining transient boundary
conditions will be specified in the Temperature Field entry of the
Conditional Data in Heat Transfer Conditions entry of the tree.

If the boundary conditions for the temperature are steady, this condition
can be substituted by the Fix Temperature condition. The only difference
between these two options in this case is, that when using
the Temperature Field, the value of the fixed temperature can be
changed automatically in every entity by updating the Temperature
Field entry of the Conditional Data.

When Temperature Field condition is assigned, Temperature Field entry
is used both for defining initial values (t = 0) when starting calculation and
for evaluating the assigned condition the rest of time steps.

4.2.2.3 Temperature Field

This condition is assigned to geometrical/mesh entities and layers and is
used to fix the temperature at the value given by the function inserted in
the Temperature Field entry of the Initial and Field Data of Heat
Transfer conditions (Conds. &Initial Data > Heat Transfer > Inintial and
Field).

Fields:

Fix Initial: The temperature will be fixed to the initial value (evaluated in
t=0) of the function inserted in the Temperature Field entry of Initial and
Field Data only if the field is marked.

Temperature Field is evaluated initial step (t=0) and temperature is fixed
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to the resulting value for the rest of the execution.

Fix Field: The temperature will be fixed to the value (for every time step)
of the function inserted in the Temperature Field entry of Initial and Field
Data. Temperature Field entry is evaluated every step and temperature is
fixed to the resulting value.

Remarks:

This condition allows definitions of transient boundary conditions for
temperature. The analytical functions defining transient boundary
conditions will be specified in the Temperature Field entry of Initial and
Field Data.

If the boundary conditions for the temperature are steady, this condition
can be substituted by the Fix Temperature condition. The only difference
between these two options in this case is, that when using
the Temperature Field, the value of the fixed temperature can be
changed automatically in every entity by updating the Temperature
Field entry of Initial and Field Data.

When Temperature Field condition is assigned, Temperature Field entry
is used both for defining initial values (t = 0) when starting calculation and
for evaluating the assigned condition the rest of time steps.

4.2.2.4 Heat Flux

Heat Flux: Heat flow (power) entering to the domain through this
Fluid/Solid Body. It may be a constant or a function. Units of the heat
flux field may be defined in the menu next to this entry. It is possible to
define additional units by entering new dimensionally correct units in the
box (see Units Syntax section for further information).

Reactive Heat Flux: Factor of the reactive term of the heat flow (power)
entering to the domain through this Fluid/Solid Body. The value here
inserted will be multiplied by the current temperature to obtain the heat
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flow. It may be a constant or a function. Units of the reactive heat flux
field may be defined in the menu next to this entry. It is possible to define
additional units by entering new dimensionally correct units in the box
(see Units Syntax section for further information).

Remarks:

Convection heat tranfer may be simulated by inserting the function q +
h-(Ty-To) in the field Heat Flux, being g a defined heat flow, h the
transmission coefficient and Tothe external temperature. However it is
recommended to split this flow in two terms, constant flow q +h-T,that

should be inserted in the Heat Flow field and the coefficient of the
temperature dependant term h, that should be entered in Reactive Heat
Flux field.

Note that positive values means heat flow entering in the domain.

4.2.3 Species Advection Analysis Conditions

4.2.3.1 Fix Concentration

This condition is assigned to geometrical/mesh entities and layers and is
used to fix the value of the concentration of species (substances) at the
given value.

Fields:

Species Name: Name of the species (see Edit Species description in
section Materials) which concentration is to be fixed.

Concentration: Value of the concentration of the species.

Remarks:

The value of the concentration of every species should be prescribed at
every inlet boundary.
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4.2.3.2 Conditional concentration

This condition is assigned to geometrical/mesh entities and layers and is
used to specify the concentration of species at the value given by the
Concentration Field entry of Ini. and Cond. Data( Materials > Edit
Species > Species | Ini. and Cond. | Spcs. FuncCond) only if the Spcs.
FuncCond data field is greater than 0.

If the evaluation of the Spcs. FuncCond field results in a value less than
0, the boundary conditions will not be applied. If the value is 0, the
boundary condition will be applied only if it was applied in the previous
time step.

Remarks:

Entries of Ini. and Cond. Data may be defined by functions (see
Function Syntax section).

Spcs. FuncCond and Conc. Field entries are common for every
Conditional Concentration condition and can only be modified in
the Ini. and Cond. Data.

When Conditional Concentration condition is assigned, Conc.
Field entry is used both for defining initial values (t = 0) when starting
calculation and for evaluating the assigned condition the rest of time
steps.

4.2.3.3 Concentration Field

This condition is assigned to geometrical/mesh entities and is used to fix
the concentration of species at the value given by the Concentration
Field entry of Ini. and Cond. Data(Materials > Edit Species > Species |
Ini. and Cond. | Spcs. FuncCond).

Fields:

Species Name: Name of the species (see Edit Species description in
section Materials) which concentration is to be fixed.
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Fields:

Fix Initial: The concentration of the species will be fixed to the initial value
(evaluated in t=0) of the function inserted in the Conc. Field entry of Ini.
and Cond. Data. Conc. Field entry is evaluated at the initial step (t=0)
and concentration is fixed to the resulting value for the rest of the
execution.

Fix Field: The concentration will be fixed to the value (for every time step)
of the function inserted in the Conc. Field entry of Ini. and Cond. Data.
Conc. Field entry is evaluated every step and concentration is fixed to the
resulting value.

Remarks:

The value of the concentration of every species should be prescribed at
every inlet boundary.

This condition allows definitions of transient boundary conditions for
concentration. The analytical functions defining transient boundary
conditions will be specified in the Conc. Field entry of Ini. and Cond.
Data.

If the boundary conditions for the concentration are steady, this condition
can be substituted by the Fix Concentration condition. The only
difference between these two options in this case is, that when using the
Concentration Field, the value of the fixed concentration can be
changed automatically in every entity by updating the Conc. Field entry of
Ini. and Cond. Data..

When Concentration Field condition is assigned, Conc. Field entry is
used both for defining initial values (t = 0) when starting calculation and
for evaluating the assigned condition the rest of time steps.
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4.2.3.4 Advect Flux

Advect Flux Solids/Fluids allows to select form the different created
species list, for assigning them a flux through a certain boundary.

SpecieFlux: Flow of the species entering to the domain through this
Fluid/Solid Body. It may be a constant or a function. Units of the flux spc
field may be defined in the menu next to this entry. It is possible to define
additional units by entering new dimensionally correct units in the box
(see Units Syntax section for further information).

Reactive Specie Flux: Factor of the reactive term of the flow of the
species entering to the domain through this Fluid/Solid Body. The value
here inserted will be multiplied by the current species concentratio to
obtain the heat flow. It may be a constant or a function. Units of the
reactive flux spc field may be defined in the menu next to this entry. It is
possible to define additional units by entering new dimensionally correct
units in the box (see Units Syntax section for further information).

Remarks:

Entering flow of species of the form h-spl should be inserted in the
Reactive Specie Flux field as h.

Note that positive values means flow entering in the domain.

4.2.4 PDEs solver Conditions

4.2.4.1 Fix Variable

This condition is assigned to geometrical/mesh entities and layers and is
used to fix the value of the variable at the given value.

Fields:

Variable: Name of the variable (see material Edit PDEs variables
description in section Materials) which value is to be fixed.
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Value: Value of the variable.

Remarks:

The value of the variable should be prescribed at every inlet boundary.

4.2.4.2 Conditional Variable

This condition is assigned to geometrical/mesh entities and layers and is
used to specify the value of a variable at the value given by the Conc.
Field entry of Ini. and Cond. Data( Materials> Edit PDEs variables >
PDEs Variables > Variable ) only if the evaluation of the function defined
in Vars. FuncCond field is greater than 0.

If the evaluation of the Vars. FuncCond field results in a value less than
0, the boundary conditions will not be applied. If the value is 0, the
boundary condition will be applied only if it was applied in the previous
time step.

Remarks:

Entries of the Ini. and Cond. Datatab may be defined by functions (see
Function Syntax section). Vars. FuncCond and Conc.Field entries are
common for every Conditional Variable condition and can only be
modified in Ini. and Cond. Data.

When Conditional Variable condition is assigned Conc. Field entry is
used both for defining initial values (t = 0) when starting calculation and
for evaluating the assigned condition the rest of time steps.

4.2.4.3 Variable Field

This condition is assigned to geometrical/mesh entities and is used to fix
the value of a variable at the value given by the Variable Field entry of
Ini. and Cond. Data ( Materials> Edit PDEs variables > PDEs
Variables > Variable) .
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Fields:

Variable: Name of the variable (see Edit PDEs variables description in
section Materials) which value is to be fixed.

Fix Initial: The variable will be fixed to the initial value (evaluated in t=0) of
the function inserted in the Conc. Field entry of Ini. and Cond. Data.
Conc. Field entry is evaluated at the initial step (t=0) and variable is fixed
to the resulting value for the rest of the execution.

Fix Field: The variable will be fixed to the value (for every time step) of
the function inserted in the Conc. Field entry of Ini. and Cond. Data.
Conc. Field entry is evaluated every step and Variable is fixed to the
resulting value.

Remarks:
The value of the variable should be prescribed at every inlet boundary.

This condition allows definitions of transient boundary conditions for
variables. The analytical functions defining transient boundary conditions
will be specified in the Conc. Field entry of Ini. and Cond. Data.

If the boundary conditions for the variable are steady, this condition can
be substituted by the Fix Variable condition. The only difference between
these two options in this case is, that when using the Variable Field
condition, the value of the fixed variable can be easily updated in every
entity by changing the Conc. Field entry of Ini. and Cond. Data.

When Variable Field condition is assigned Conc. Field entry is used both
for defining initial values (t = 0) when starting calculation and for
evaluating the assigned condition the rest of time steps.

4.2.4.4 PDEs Variables Flux

PDEs Variables Flux Solids/Fluids allows to select form the different
created variables list, for assigning them a flux through a certain
boundary.
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Variable Flux: Flow of the variable entering to the domain through this
Fluid/Solid Body. It may be a constant or a function. Units of the flux phi
field may be defined in the menu next to this entry. It is possible to define
additional units by entering new dimensionally correct units in the box
(see Units Syntax section for further information).

Reactive Variable Flux: Factor of the reactive term of the flow of the
species entering to the domain through this Fluid/Solid Body. The value
here inserted will be multiplied by the current variable concentratio to
obtain the heat flow. It may be a constant or a function. Units of the
reactive flux phi field may be defined in the menu next to this entry. It is
possible to define additional units by entering new dimensionally correct
units in the box (see Units Syntax section for further information).

Remarks:

Entering flow of the variable of the form h-phl should be inserted in the
Reactive Variable Flux field as h.

Note that positive values means flow entering in the domain.

4.2.5 Mesh Deformation Conditions

4.2.5.1 Fix Mesh Deformation

This condition is assigned to geometrical/mesh entities and layers. It is
used to fix the value of the mesh deformation to cero or to the value given
in the Fluid/Solid Deformation Increment field (see Modules Data >
Mesh Deformation ).

Fields:

Type: Type of mesh deformation. If Fix Field is selected, imposed mesh
deformation will be defined by Fluid/Solid Deformation Increment field
( Modules Data > Mesh Deformation). If Fix Null is selected, mesh
deformation is imposed to be cero. Finally, if No Fix is selected, any other
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imposition on the mesh deformation field is ignored.

Remarks:

Mesh deformation type may be defined in Modules Data > Mesh
Deformation | Fluid/Solid Mesh Deformation).

4.2.5.2 Fix Mesh Velocity

4.2.6 Free Surface Conditions (ODDLS)

4.2.6.1 ODDLS Field

This condition is assigned to geometrical/mesh entities and is used to fix
the value of the level set function at the value given by the OddLevelSet
Field entry of Initial and Field Data (Conds. & Init.Data>Free Surface
(ODDLS)>Initial and Field).

Fields:

Fix Initial: The level set function will be fixed to the initial value (evaluated
in t=0) of the function inserted in the OddLevelSet Field entry of Initial
and Field. OddLevelSet Field entry is evaluated at the initial step (t=0)
and level set function is fixed to the resulting value for the rest of the
execution.

Fix Field: The level set function will be fixed to the value (evaluated every
time step) of the function inserted in the OddLevelSet Field entry of Initial
and Field. OddLevelSet Field entry is evaluated every time step and
level set function is fixed to the resulting value.

Remarks:

The value of the level set function should be prescribed at every inlet
boundary.

This condition allows definitions of transient boundary conditions for level
set function. The analytical functions defining transient boundary
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conditions will be specified in the OddLevelSet Field entry of Initial and
Field.

If the boundary conditions for the variable are steady, this condition can
be substituted by the Fix ODDLS condition. The only difference between
these two options in this case is, that when using the ODDLS Field the
value of the fixed variable can be easily updated in every entity by
changing the OddLevelSet Field of Initial and Field.

When ODDLS Field condition is assigned, OddLevelSet Field entry is
used both for defining initial values (t = 0) when starting calculation and
for evaluating the assigned condition the rest of time steps.

4.2.6.2 Fix ODDLS

This condition is assigned to geometrical/mesh entities and layers and is
used to fix the value of the level set function.

Fields:

Value: Value of the level set function. Positive values identifies the
primary phase.

Remarks:

The value of the level set function should be prescribed at every inlet
boundary.

4.2.6.3 Conditional ODDLS

This condition is assigned to geometrical/mesh entities and layers and is
used to specify the value of the level set function at the value given by
the OddLevelSet Field entry of Cond. Data (Conds. & Init.Data>Free
Surface (ODDLS)>Cond. Data) only if the OddLevelSet FuncCond data
field is greater than 0.

If the evaluation of the OddLevelSet FuncCond field results in a value
less than 0, the boundary conditions will not be applied. If the value is 0,
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the boundary condition will be applied only if it was applied in the
previous time step.

Remarks:

Entries of Cond. Data may be defined by functions (see Function Syntax
section).

OddLevelSet FuncCond and OddLevelSet Field entries are common for
every Conditional ODDLS condition and can only be modified in Cond.
Data.

When Conditional ODDLS condition is assigned, OddLevelSet
Field entry is used both for defining initial values (t = 0) when starting
calculation and for evaluating the assigned condition the rest of time
steps.

4.2.7 Free Surface Conditions (Transpiration)

4.2.7.1 Fix Beta

This condition is assigned to geometrical/mesh entities and layers. It is
used to fix the value of the wave elevation at its initial value. The initial
value is the difference between the OZ coordinate of the point and the
reference height of the free surface (see Fluid Dyn. & Multi-phy. Data >
Other > Fluid Flow Data | Press. Ref. Location).

Fields:

Fix: The wave elevation will be fixed to its initial value only if the field is
marked.

Remarks:

This option is effective in the stern of some geometries to keep the
stability of the free surface. In most of the cases it can be automatically
imposed by using the Wall/Body options (see Stern C Angle option and
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Stern flow modelling in transpiration problem section).

4.2.7.2 Free Surface

Free Surface boundary conditions identify a free surface boundary of a
fluid in the analysis. These properties can be assigned to surfaces (3D).
Remarks:

Free Surface boundary condition is only available if the Free Surface
(Transpiration) Analysis is activated.

In order to transfer Free Surface data to the mesh, Meshing Criteria must
be fixed to Yes in the corresponding geometrical entities. Note that this
action is automatically done by Tdyngpgn in most of the cases.

Time Integration: Time integration scheme used in the solution process of
the free surface problem. The following options are available:

Adams_Bashforth_2: Explicit 2" order Adams Bashforth scheme.
Stabilised_FIC: Time stabilised FIC scheme.

Backward_Euler: Implicit 15 order Backward Euler scheme.
Forward_Euler: Explicit 15 order Forward Euler scheme.

2nd

Crank_Nicolson: Implicit order Crank-Nicolson scheme.

Advect_Stabilisation: The order of the FIC advection stabilisation term in
the free surface equation. Two options are available 4th_Order and
2nd_Order.

Remarks:

The 4" order term increases the accuracy of the solution and is
recommended in most of the cases, but in some problems may appear
instabilities.
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StabTau_MinRatio: Minimum admissible ratio (t/dt, being dt the time
increment) for the stabilisation parameter 1.

Remarks:

Advection stabilisation term is proportional to the parameter 1. In most of
the cases, the minimum value of this parameter should not be fixed (i.e.
1/dt = 0.0), otherwise oscillations may appear.

Length: Characteristic length of the free surface problem (i.e. length of
the Fluid Body).

Length Units: Units for the characteristic length of the free surface
problem.

Damping length: Relative damping length (total damping length is given
by Damping Length x Length) to be used in this free surface calculation.
The damping of the generated waves starts at a total damping length
distance from the outlet of the free surface.

Remarks:
In most of the cases cases it is necessary to damp the wave elevation in
order not to find bouncing effects in the boundaries.

Damping factor: Factor that controls the damping effect.

Time factor: Time integration security factor to be used in the explicit
integration (i.e. Adams_Bashforth_2, Stabilised FIC and Forward_Euler
schemes) of this free surface.

Step factor: Time step ratio between free surface and fluid solver. It is
possible to accelerate convergence by increasing this ratio, but may
cause unstability in the integration scheme. If chosen Time Increment is
too high, reduce this value to achieve convergence.

Remarks:
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Note that solutions with Step factor != 1 will only give realistic results for
the steady state.

4.3 Materials

4.3.1 Fluids and Solids

Materials are groups of physical properties and other data that identify a
material, fluid or solid to be used in the analysis.

For any problem that needs definition of materials, there is a database of
existing materials that can be assigned to entities (Materials > Physical
Properties > Fluid | Solid). The user can also create new materials
derived from the existing ones and assign them as well ( Materials
>Physical Properties > Generic Fluid | Solid).

To create a new Material, press "CreateNew Material" in the contextual
menu, in Materials >Physical Properties > Generic Fluid | Solid
option, write a new name and change some of its properties. By pressing
Ok, a new Material is created taking an existing one as a base Material,
which means that the new Material will have the same fields as the base
one. All new values for the fields can be entered when defining the new
material. It is also possible to redefine existing Materials by entering new
values directly in the fields.

Remarks:

If a mesh has already been generated and new materials are assigned to
the geometry or some of the existing ones are removed, it is necessary to
mesh again.

In this section only the main Materials will be presented. Therefore,
Materials with other names can be found in the Materials database.
Anyhow, all these Materials will be based on the ones shown here (i.e.
they will have the same properties fields).
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4.3.1.1 Options available in Fluid Flow module

Fluid Model: Fluid model of the material. Active fluid models
(Incompressible, Slightly Compressible, Barotropic, Incompressible Ideal
Gas or Ideal Gas) will depend on the selected Flow Solver Model. Flow
Solver Model can be selected in Fluid Dyn. & Multi-phy. Data > Fluid
Solver | Flow Solver Model.

Density: Density of the fluid. It may be a constant or a function (always
greater than zero). Units of the density may be defined in the menu next
to the density entry. It is possible to define additional units by entering
new dimensionally correct units in the box (see Units Syntax section for
further information).

Viscosity: Viscosity of the fluid. It may be a constant or a function (always
greater than zero). Units of the viscosity may be defined in the menu next
to the viscosity entry. It is possible to define additional units by entering
new dimensionally correct units in the box (see Units Syntax section for
further information).

Compressibility: Compressibility factor of the fluid. Generally speaking, it
is defined by the inverse of the square of the velocity of the sound in the
fluid. Here it can be defined by a constant or a function (always greater
than zero). This option is only available for Slightly Compressible or
Barotropic fluid models. For Barotropic fluid models where p=A-
pY compressibility is defined by c=p/(y-p).

Units of the compressibility may be defined in the menu next to this entry.
It is possible to define additional units by entering new dimensionally
correct units in the box (see Units Syntax section for further information).

Molar Mass: Molar mass of the gas. This option is only available for
Incompressible Ideal Gas or Ideal Gas fluid models.

Units of the molar mass may be defined in the menu next to the this
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entry. It is possible to define additional units by entering new
dimensionally correct units in the box (see Units Syntax section for further
information).

Darcy's law Resistance Matrix: Coefficients of the matrix defining
permeability resistance of the flow in a porous media (Darcy's law). Due
to this effect, a pressure drop given by

op; = -(U-D-V)lv; - &x;

will be added to the velocity momentum equations. Where dp; is the
pressure drop for the momentum equation in the x; direction, p is the fluid

viscosity, D is the Darcy's law Resistance Matrix, and v is the velocity
vector of components v;.

Units of the Darcy's law Resistance Matrix may be defined in the menu
next to the these entries.

Acceleration Field: External acceleration vector acting on fluid. May be
defined by constants or functions.

Remarks:

It is recommended to insert functions with a smoothed start up for this
additional acceleration. Otherwise it can create oscillations in the
solution.

Vertical field will be added to the vertical component of the gravity, as an
additional acceleration.

4.3.1.2 Options available in Heat Transfer module

Density: Density of the fluid. It may be a constant or a function (always
greater than zero). Units of the density may be defined in the menu next
to the density entry. It is possible to define additional units by entering
new dimensionally correct units in the box (see Units Syntax section for
further information).
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